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Background. Cryptococcal meningitis (CM) is one of the most common causes of AIDS-related mortality
worldwide, accounting for 33%-63% of all cases of adult meningitis in sub-Saharan Africa and >500 000 deaths an-
nually. In sub-Saharan Africa, the World Health Organization recommends routinely screening AIDS patients with a
CD4 count <100 cells/uL for cryptococcal infection. In the United States, there are no recommendations for routine
screening. We aimed to determine the prevalence of cryptococcal infection and outcomes of those infected among
people living with advanced AIDS in the United States, to inform updates in the prevention and management of CM.

Methods. Using stored sera from participants in the Multicenter AIDS Cohort Study and the Women’s Inter-
agency HIV Study from 1986 to 2012, we screened 1872 specimens with CD4 T-cell counts <100 cells/pL for cryp-
tococcal antigen (CrAg) using the CrAg lateral flow assay.

Results. The overall prevalence of CrAg positivity within the study population was 2.9% (95% confidence inter-
val, .2%-3.8%). Results from multivariable analysis revealed that a previous diagnosis with CM and a CD4 count
<50 cells/pL were significantly associated with CrAg positivity. Participants who were CrAg positive had significantly
shorter survival (2.8 years) than those who were CrAg negative (3.8 years; P=.03).

Conclusions. The prevalence of cryptococcal infection among advanced AIDS patients in the United States was
high and above the published cost-effectiveness threshold for routine screening. We recommend routine CrAg
screening among human immunodeficiency virus-infected patients with a CD4 count <100 cells/pL to detect and
treat early infection.
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Cryptococcal meningitis (CM), a central nervous sys-
tem infection caused by the soil-borne fungus Crypto-
coccus neoformans, is one of the leading opportunistic
infections associated with AIDS worldwide [1-5].
Moreover, in low-resource settings, a high mortality
rate follows the diagnosis of CM. In 2008, the global
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burden of CM was estimated to be 957 900 cases, with
approximately 624 700 deaths within 3 months of diag-
nosis [4, 6]. Sub-Saharan Africa bears the highest bur-
den of CM, with a median incidence of 3.2% among
human immunodeficiency virus (HIV)-infected indi-
viduals, accounting for between 33% and 63% of all
cases of adult meningitis [7-9]. In the United States,
early HIV case identification and access to highly active
antiretroviral therapy (HAART) have been successful in
reducing morbidity and mortality due to CM [10-12].
However, CM continues to be a problem, with an inci-
dence rate among those with AIDS between 2 and 7
cases per 1000 person-years, and a mortality rate as
high as 12% in the era of HAART [13]. Further, in a
cross-sectional study of hospitalized patients with CM
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in 18 states from 1997 to 2009, there was an average of 3400
cases of CM annually; the percentage of patients with CM co-
infected with HIV was 71% [14].

Early diagnosis and treatment are key in reducing CM-related
mortality. Cryptococcal antigen (CrAg) is detectable in serum
at least 3 weeks prior to the onset of symptoms, allowing screen-
ing to identify cryptococcal-infected persons early and the ini-
tiation of effective treatment to prevent serious disease and
death [2,4, 10, 11, 15-18]. The gold standard method of detec-
tion of cryptococcal infection has been culture; however, culture
requires sophisticated laboratory infrastructure and can take up
to several days to weeks for a diagnosis. Antifungal medication
such as amphotericin, fluconazole, and flucytosine are used for
the treatment of cryptococcal infection. Reoccurring infection is
prevented by taking fluconazole for life or until immune recon-
stitution [15].

In December 2011, the World Health Organization recom-
mended routinely screening AIDS patients with a CD4 T-cell
count <100 cells/uL for cryptococcal infection and initiating
anticryptococcal therapy to prevent CM [15, 19]. In the United
States, the Department of Health and Human Services and the
Infectious Diseases Society of America do not recommend rou-
tine screening for cryptococcal infection, unlike other common
opportunistic infections such as tuberculosis and Mycobacteri-
um avium complex, but suggest “consideration” of cryptococcal
screening for patients with a CD4 count <50 cells/uL [18, 20].
However, it has been shown that routine screening in popula-
tions with a CM prevalence of >2% is cost-effective, perhaps
cost-saving, and saves lives [4,7,21-23]. With the advent of new,
less costly, highly accurate tests, such as the CrAg lateral flow
assay, the prevalence at which CM screening is cost-effective
may be considerably lower [4, 21, 22]. However, there is limited
information on the prevalence of cryptococcal infection among
HIV-infected individuals in the United States. With the devel-
opment of new tests, an improved understanding of the epide-
miology of cryptococcal infection among patients with AIDS in
the United States is needed to guide future updates in the pre-
vention and management of CM.

MATERIALS AND METHODS

Stored sera from the Multicenter AIDS Cohort Study (MACS)
and the Women’s Interagency HIV Study (WIHS) that met el-
igibility criteria were randomly selected to be screened for cryp-
tococcal infection. Eligible study specimens were required to be
from participants who were HIV-infected, had a CD4 count
<100 cells/uL, and had >0.5 mL of serum available for testing.
A total of 1872 unique serum samples from participants were
selected to be screened from the MACS and WIHS serum reg-
istry. Serum samples from both participants on and off antire-
troviral therapy (ART) were eligible for screening. With a total

of 1872 unique serum samples, and assuming an o level of 5%,
there was >99% power to detect the proportion cryptococcal
infected.

Multicenter AIDS Cohort Study

The MACS is a longitudinal study following men since 1983.
The study has enrolled 6972 adult, urban, homosexual/bisexual,
HIV-infected men from Baltimore, Maryland; Chicago, Illinois;
Pittsburgh, Pennsylvania; and Los Angeles, California. There
have been 3 enrollment periods, the first in March 1985, in
which 4955 men were enrolled. The second enrollment was be-
tween April 1987 and September 1991, in which 668 men were
enrolled. Finally, between October 2001 and August 2003, 1350
additional men were enrolled in the study. Both questionnaires
and laboratory procedures are performed on participants every
3-6 months. Over the 3 decades that the study has been ongo-
ing, the drop-out rate has been <15% [23].

Women'’s Interagency HIV Study

The WIHS is a longitudinal study comprised of 3772 women
who are HIV-infected or at high risk for HIV seroconversion.
Demographic and clinical data, as well as specimens, have
been collected every 6 months since 1994, making it the largest
study in the United States focusing on HIV infection among
women. There are a total of 6 study sites throughout the United
States: Bronx/Manhattan, New York; Brooklyn, New York; Los
Angeles/Southern California/Hawaii; San Francisco/Bay Area,
California; Chicago, Illinois; and Washington, District of Co-
lumbia. Retention in the study has been high, especially among
HIV-infected participants (83% vs 76% for HIV-uninfected
participants). The median age of HIV-infected participants is
40 years. The majority of the HIV-infected study population
is unemployed (62.3%) and uninsured (65.8%); many partici-
pants live below the poverty line (48.9%) and are single mothers
(32.7%). Therefore, the cohort of women that makes up WIHS
is diverse and representative of the US population of women in-
fected with HIV or at high risk of HIV infection [24].

Laboratory Testing

Selected frozen sera were thawed, and 1- to 2-mL serum aliquots
shipped to the central testing laboratory. Sera were tested using
the CrAg LFA (IMMY, Inc, Norman, Oklahoma), a US Food
and Drug Administration—cleared lateral flow assay for the de-
tection of CrAg. In validation studies, the assay was 100% accu-
rate at detecting true positives and negatives (sensitivity and
specificity, respectively) in serum as compared with culture
[25-27]. Titers were performed on all CrAg-positive specimens.

Analysis

Data were analyzed using SAS software, version 9.4 (SAS Insti-
tute, Cary, North Carolina). All 1872 sera, including those of par-
ticipants with a history of cryptococcal disease, were included in
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the analysis. History of cryptococcal disease was self-reported as
ever having been diagnosed with CM. The % test with corre-
sponding 95% confidence intervals (CIs) was used to compare
categorical variables among patients with a positive and nega-
tive CrAg test result, and Student ¢ tests and corresponding 95%
CIs were used to test the difference in means for all continuous
variables. Univariate and multivariate logistic regression analy-
ses were used to examine correlates of cryptococcal infection.
Correlates that were statistically significant (P < .05) after back-
ward elimination, or those known to be associated with crypto-
coccal infection, were included in the model. Logistic regression
yields maximum likelihoods estimates of the odds ratio; howev-
er, these estimates are good approximations of the prevalence
ratio when the disease is rare [28-32]. Because cryptococcal in-
fection in the United States meets the rare disease assumption
needed for the approximation, prevalence ratios can be approx-
imated from the results of the study. Survival analysis was con-
ducted using the Proc Lifetest, with multiple comparisons being
made between all pairs of curves and adjusted using the Bonfer-
roni method. Log-rank, Wilcoxon, and Peto test statistics were
generated to assess the difference between survival rates in >2
groups. Finally, survival rates were calculated with and without
patients with a prior history of cryptococcal disease.

RESULTS

A total of 1872 randomly selected specimens from participants
in the WIHS and MACS cohorts were tested; of those, 55 (2.9%;
95% CI, .2%-3.8%) were CrAg positive, 10 of which were from
participants who reported a prior history of CM. Thus, the
CrAg positivity in those with no history of cryptococcal disease
was 2.5% (95% CI, 1.8%-3.2%). The median age of the study
population was 39 years (range, 20-70 years). Additional demo-
graphic and clinical characteristics of the study population,
along with the CrAg prevalence by those characteristics, are
shown in Table 1. CD4 counts for participants ranged from 0
to 100 cells/uL. Titers for positive specimen ranged from neat
(undiluted) to >1:2560. Figure 1 shows the distribution of titers
for all positive specimens.

There were no statistically significant differences by age, sex,
study location, race, and education and CrAg test result. How-
ever, both previous CM diagnosis and CD4 T-cell count were
significantly associated with cryptococcal positivity. Among
those CrAg positive, the odds of a CD4 count <50 cells/pL
was 5.3 (95% CI, 2.4-11.7) times that compared with those
who were CrAg negative, and among those who were CrAg pos-
itive, the odds of a history of cryptococcal disease was 45.9 (95%
CI, 18.6-113.2) times that of those who were CrAg negative.

When assessing the time from specimen collection to death
among participants without a history of CM, there was a signif-
icant difference between mean survival for those with positive

Table 1. Characteristics of Participants With Selected Specimens
and Cryptococcal Antigen Prevalence, Multicenter AIDS Cohort
Study and the Women's Interagency HIV Study, 1986-2012

Total, No. (%) Prevalence of CrAg*,
Characteristics (N=1872) % (95% Cl)
Sex
Male 989 (563.3) 2.6 (1.7-3.8)
Female 866 (46.7) 3.3 (2.3-4.7)
Study location
Baltimore, Maryland 241 (12.9) 3.0 (1.5-6.0)
Bronx, New York 183 (9.9) 4.3 (2.2-8.4)
Brooklyn, New York 162 (8.7) 1.9 (.6-5.3)
Chicago, lllinois 342 (18.4) 0.5 (.08-2.6)
District of Columbia 123 (6.6) 4.0 (1.7-9.1)
Los Angeles, California 514 (27.7) 3.3(2.1-5.2)
Pittsburgh, Pennsylvania 187 (10.1) 4.2 (2.1-8.3)
San Francisco, California 103 (5.6) 3.9 (1.56-9.5)
Race/ethnicity
White 849 (45.9) 2.5(1.6-3.8)
Black 651 (35.2) 2.5 (1.5-4.0)
Hispanic 117 (6.3) 1.7 (.47-6.7)
Other 234 (12.6) 6.4 (3.9-10.3)
Education
High school or less 790 (42.9) 3.8 (2.7-5.4)
College 773 (42.1) 2.5(1.6-3.8)
Graduate school 275 (14.9) 1.5 (.6-3.9)
Period of specimen collection
1986-1990 485 (26.3) 2.1(1.1-3.8)
1991-1995 620 (33.7) 3.6 (2.4-5.3)
1996-2000 255 (13.9) 1.6 (.6-4.0)
2001-2005 288 (15.6) 3.5(1.9-6.3)
2006-2012 193 (10.5) 3.6 (1.8-7.3)
Age, y
20-30 188 (10.0) 2.1 (.8-5.4)
30-40 775 (41.4) 3.1(2.1-4.6)
41-50 556 (29.7) 2.5 (1.5-4.2)
51-60 142 (7.6) 4.2 (2.0-8.9)
>61 18 (9.6) 5.6 (1.0-25.8)
CD4 T-cell count
51-100 cells/uL 992 (53.0) 1.7 (1.1-2.7)
<50 cells/uL 881 (47.1) 4.3 (3.2-5.9)
Receiving ART at time of specimen collection
Yes 1047 (55.9) 2.6 (1.0-2.1)
No 743 (39.7) 3.5 (1.0-2.1)

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; CrAg,
cryptococcal antigen; HIV, human immunodeficiency virus.

CrAg specimens and those with negative CrAg specimens
(mean difference, 1.0 year; P=.03). Participants with a CrAg-
positive result lived for an average of 2.8 years after the date
of specimen collection, whereas those with a negative CrAg re-
sult lived on average for 3.8 years after specimen collection.
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Frequency distribution of positive cryptococcal antigen (CrAg) titers, Multicenter AIDS Cohort Study and the Women's Interagency HIV Study,

Among those with a reported history of CM, there was a mar-
ginally significant difference between mean survival for those
with positive CrAg specimens and those with negative speci-
mens (mean difference, 1.2 years; P =.05). Those with a positive
CrAg result lived on average 1.4 years after date of specimen
collection, whereas those with a negative CrAg result lived on
average 2.6 years after specimen collection. The survival curve

can be seen in Figure 2. A separate analysis was conducted ex-
cluding those with a history of CM; however, there was no sig-
nificant difference in the survival curves nor the correlates
associated with survival and thus, 1 survival curve among all
participants is presented. After controlling for age, CD4 T-cell
count, prior diagnosis of CM, and year of specimen collection,
women had a longer survival than men (P =.02), and blacks
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Figure 2. Survival analysis by cryptococcal antigen test result, Multicenter AIDS Cohort and the Women's Interagency HIV Study, 1986—2012. Abbre-
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had a longer survival than both Hispanics and whites (P =.02).
The adjusted probability of 5-year survival for blacks and His-
panics was 30% compared with 10% for whites. Furthermore,
the adjusted probability of 5-year survival for women was
>30% vs <10% in males.

DISCUSSION

Using sera from study participants from both the MACS and
WIHS cohorts, participants with a CD4 count <100 cells/uL
were screened. Screening was performed using CrAg lateral flow
assay, which has both a high sensitivity and specificity [25-27].
Of the 1872 specimen tested, 2.9% were positive for CrAg, of
which 18% were among participants with a reported history
of CM. Lower CD4 T-cell count and prior history of cryptococ-
cal disease were significant correlates of a positive CrAg result.
Participants positive for CrAg, with or without a history of CM,
had a significantly lower survival than those negative for CrAg.
Moreover, sex (female) and race/ethnicity (black/African
American) were independent predictors of survival after con-
trolling for age, CD4 T-cell count, prior diagnosis of CM, and
year of specimen collection.

The overall prevalence of cryptococcal infection in our study
was similar or slightly lower than prevalences observed in stud-
ies conducted in low-resource settings [1, 6]. For instance, the
prevalence of cryptococcal infection in Kenya was estimated
to be 8.2% [2]. Similar prevalences to that of Kenya were also
found in Ethiopia, Bangkok, Thailand, and Uganda [1, 5, 18].
However, within certain subgroups of our study, CrAg preva-
lence was high and similar to those estimates. South Africa,
which began implementing CrAg screening and treatment of
those with positive CrAg tests in 2012, has observed a CrAg
prevalence of 5% in the 12 months following the initiation of
that program [33].

Our results are similar to other studies that examined corre-
lates of cryptococcal infection [1, 2,4, 5,12, 18, 34, 35]. The ma-
jority of studies did not find that cryptococcal infection differed
significantly by sex or age. The results from our study suggest
that a lower CD4 T-cell count is a significant correlate of CrAg
positivity. From an immunological perspective, CM would be
expected to be more common at lower rather than higher
CD4 T-cell levels because those with lower CD4 T-cell levels
are more immunosuppressed and have less ability to control in-
fection [36].

There have been several studies that have examined the cost-
effectiveness of cryptococcal screening, mainly in resource-
limited settings; however, a few have examined it within the
United States [4, 7, 12, 15, 22]. In a study in Uganda conducted
by Meya et al, the prevalence threshold for diagnosing crypto-
coccal infection in which the benefits exceeded the costs was 2%
[4,18,21]. Yet another study examining the cost-effectiveness of

2 different approaches compared with the standard of care
(CrAg screening with targeted treatment of all positive individ-
uals with fluconazole and CrAg screening followed by lumbar
puncture in all CrAg-positive individuals) found that either ap-
proach was more cost-effective than the standard of care [7].
However, CrAg screening followed by treatment of all positive
individuals was considerably less expensive than CrAg screen-
ing followed by lumbar puncture [7]. Moreover, the study
showed that CrAg screening followed by treatment was more
cost-effective than the standard of care (no screening) in prev-
alences as low as 0.6%, and CrAg screening followed by lumbar
puncture was more cost-effective than the standard of care in
prevalences as low as 2.5% [7].

An analysis done within the United States found that, com-
pared to the cost of hospitalization due to CM ($50 000 over a
14-day period), cryptococcal screening followed by a 10-day
treatment with fluconazole was significantly less costly [21].
Moreover, screening followed by treatment is likely to be
more cost-effective in prevalences as low as 0.1%, a prevalence
nearly 30-fold lower than what we found in our study; suggest-
ing that cryptococcal screening in the United States coupled
with treatment is the more cost-effective option [21].

Compared with other biomedical interventions in HIV/AIDS
care such as ART and substance use treatment programs, screen-
ing for cryptococcal infection may be more cost-effective [37].In
a cost-effective analysis conducted by Cohen et al in which differ-
ent HIV/AIDS interventions were analyzed, the individual costs
for cryptococcal screening were significantly lower than the cost
of ART per person, estimated to be $20 000, and cryptococcal
screening was found to be more beneficial [38].

With regard to methods of diagnosis, the lateral flow assay is
equally accurate and significantly less costly compared to the
latex agglutination test ($5 and $16.75, respectively). Addition-
ally, compared with other forms of diagnostic testing for CM,
the lateral flow assay is easier to use, produces rapid results, is
stable at room temperature (allowing for a longer shelf life), and
is highly sensitive and specific [18,39]. When compared to latex
agglutination, the lateral flow assay is more sensitive to lower
levels of CrAg, allowing for earlier detection [39].

To our knowledge, this is the first study and likely the largest
in over a decade to examine the prevalence of cryptococcal in-
fection among patients with advanced AIDS in the United
States, despite the fact that CM is one of the most common op-
portunistic infections among HIV-infected individuals, as well
as one of the leading causes of AIDS-related mortality [1-5].

There were several limitations with our study. First, our study
spanned >2 decades and includes many participants who were
diagnosed before the advent of HAART; predictors of crypto-
coccal infection may be different among those enrolled prior
to the advent of HAART than for those enrolled during the
HAART era. However, when we compared results by various
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periods and current ART use, we found no differences. Second,
there were no lumbar puncture results available to help deter-
mine what proportion of patients with a positive serum CrAg
result had central nervous system cryptococcal infection.
Third, history of CM was self-reported and might be misclassi-
fied. However, excluding individuals with a history of CM did
not substantially alter the prevalence estimate or affect survival
results. Finally, our study was conducted using serum samples
from the MACS and WIHS cohorts, both of which include par-
ticipants who may not be completely representative of the HIV-
infected population in the United States.

The results from our study suggest that the prevalence of
cryptococcal infection among patients with advanced AIDS in
the United States is substantial, clinically important, and above
the published cost-effectiveness threshold for routine screening
and treatment in those with a CD4 count <100 cells/uL. Cur-
rent screening recommendations warrant revision.
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