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Abstract: Although discontinuation of suppressive antifungal therapy
for acquired immunodeficiency syndrome (AIDS)-associated histoplas-
mosis is accepted for patients with immunologic recovery, there have
been no published studies of this approach in clinical practice, and mini-
mal characterization of individuals who relapse with this disease. We
performed a multicenter retrospective cohort study to determine the
outcome in AIDS patients following discontinuation of suppressive an-
tifungal therapy for histoplasmosis.

Ninety-seven patients were divided into a physician-discontinued
suppressive therapy group (PD) (38 patients) and a physician-continued
suppressive therapy group (PC) (59 patients). The 2 groups were not sta-
tistically different at baseline, but at discontinuation of therapy and at the
most recent follow-up there were significant differences in adherence to
therapy, human immunodeficiency virus (HIV) RNA, and urinary Histo-
plasma antigen concentration. There was no relapse or death attributed to
histoplasmosis in the PD group compared with 36% relapse (p G 0.0001)
and 5% death (p = 0.28) in the PC group. Relapse occurred in 53% of
the nonadherent patients but not in the adherent patients (p G 0.0001).
Sixty-seven percent of patients with initial central nervous system (CNS)
histoplasmosis relapsed compared to 15% of patients without CNS in-
volvement (p = 0.0004), which may be accounted for by nonadherence.
In addition, patients with antigenuria above 2.0 ng/mL at 1-year follow-up
were 12.82 times (95% confidence interval, 2.91Y55.56) more likely to
relapse compared to those with antigenuria below 2.0 ng/mL.

Discontinuation of antifungal therapy was safe in adherent patients
who completed at least 1 year of antifungal treatment, and had CD4

counts 9150 cells/mL, HIV RNA G400 c/mL, Histoplasma antigenuria
G2 ng/mL (equivalent to G4.0 units in second-generation method), and
no CNS histoplasmosis.

(Medicine 2014;93: 11Y18)

Abbreviations: AIDS = acquired immunodeficiency syndrome, CI =
confidence interval, CNS = central nervous system, CSF = cerebro-
spinal fluid, HAART = highly active antiretroviral therapy, HIV =
human immunodeficiency virus, IDSA = Infectious Diseases Society
of America, OR= odds ratio, PC= physician-continued suppressive ther-
apy group, PD = physician-discontinued suppressive therapy group.

INTRODUCTION

H istoplasma capsulatum is a dimorphic fungus that is en-
demic in the Ohio and Mississippi River valleys of the

United States and in Central and South America, and has micro-
foci in the eastern United States, southern Europe, Africa, and
southeastern Asia.7 Histoplasmosis is associated with signifi-
cant morbidity and mortality in patients with acquired immu-
nodeficiency syndrome (AIDS).10 However, limited experience
has shown that antifungal therapy can be discontinued in se-
lected patients with AIDS-associated histoplasmosis. In a study
published in 2004,5 antifungal therapy was stopped in patients
who had received at least 1 year of antifungal therapy; received
6 months of antiretroviral therapy; and had Histoplasma anti-
genemia and antigenuria G4.0 units, negative fungal blood cul-
tures, and CD4 counts of at least 150 cells/KL. Of the 32 patients
enrolled in the study, none relapsed. In 2007 the Infectious
Diseases Society of America (IDSA) endorsed the approach out-
lined in the 2004 study and changed its recommendation from
lifelong-maintenance antifungal therapy in the 2000 guideline8

to discontinuation of antifungal therapy if that study’s criteria
were met.1,11 However, there is limited published evidence for
this approach in clinical practice. Additionally, the study that
informed the guideline did not include individuals who re-
lapsed, and there is a paucity of published data on this subset
of patients. Our objective in the current study was to evaluate
outcome data from clinical practice during the highly active
antiretroviral therapy (HAART) era and suggest additional
considerations for discontinuation of antifungal therapy.

PATIENTS AND METHODS

Patients
Patients were identified by review of clinical and laboratory

records and International Classification of Diseases-9th revision
(ICD-9) codes from October 1995 to December 2009 at the
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participating institutions. Of the 97 patients we evaluated, 27 were
from Indiana University Health (Indianapolis, IN), 23 were
from University of Kentucky (Lexington, KY), 15 from Uni-
versity of Southern California (Los Angeles, CA), 14 from
University of Missouri-Kansas City School of Medicine
(Kansas City, MO), 12 from Emory University (Atlanta, GA),
and 6 were from University of Alabama (Birmingham, AL).
Eligibility for inclusion in the analysis required the avail-
ability of records and follow-up for at least 1 year.

The study was approved by the institutional review boards
of each institution.

The 97 patients were divided into 2 groups: the physician-
discontinued suppressive therapy (PD) group (38 patients) and
the physician-continued suppressive therapy (PC) group (59
patients). This was not a randomized study. Adherence to anti-
fungal and antiretroviral therapy was determined by the physi-
cian’s assessment and human immunodeficiency virus (HIV)
RNA levels consistently below 400 c/mL. Adherence in this
study referred to both antifungal and antiretroviral therapy.

Diagnosis
The diagnosis was based upon positive culture, pathology,

or antigen testing accompanied by clinical findings compatible
with histoplasmosis. Central nervous system (CNS) histoplas-
mosis was diagnosed in patients who had CNS symptoms and
cerebrospinal fluid (CSF) abnormalities suggesting meningeal
inflammation, or CNS imaging showing meningeal enhancement,
or 1 or more cerebral masses. The laboratory basis for diagnosis
of CNS histoplasmosis included positive Histoplasma antigen
or antibody from CSF or positive culture or cytologic or histo-
pathologic evidence of Histoplasma in the CSF or brain. Dis-
seminated histoplasmosis was defined as systemic findings such
as progressive weight loss, hepatosplenomegaly, extrapulmo-
nary lymphadenopathy, mucosal or skin lesions, anemia, leu-
kopenia, thrombocytopenia, hepatic enzyme elevation, adrenal
insufficiency, or demonstration of extrapulmonary involvement
by isolating the organism or visualizing it by fungal stain in ex-
trapulmonary tissue. The clinical illness was classified as severe
if the patient required management in an intensive care unit,
moderate if hospitalization was required without intensive care
unit admission, and mild if the illness was managed on an out-
patient basis without hospitalization.

Laboratory Testing
All Histoplasma antigen testing for these patients was per-

formed at MiraVista Diagnostics. The original Histoplasma anti-
gen enzyme immunoassay was modified as a second-generation
assay in 2004 to reduce false-positive results,12 and again in 2007
as a third-generation assay to provide quantification.3 The
main difference in the 2 assays was incorporation of a stan-
dard curve permitting quantification in the third-generation
assay. The reference range for results considered negative was
0Y0.9 units in the second-generation assay, and none detected in
the third-generation assay. The IDSA guideline for stopping
therapy included recommendations for both the second- and
third-generation assays (2 ng/mL in the third-generation assay
and 4 units in the second-generation assay)11 (Table 1). Twenty-
one of 84 specimens that were tested before March 2007 that
were stored at MiraVista Diagnostics at j20-C were retested in
the third-generation assay. If stored specimens were not avail-
able, results in the second-generation assay were used.

Outcome
Relapse of histoplasmosis was defined as recurrence of

clinical signs and symptoms compatible with histoplasmosis

occurring more than 3 months after the initial episode, accom-
panied by positive culture, pathology, or increase inHistoplasma
antigen. Death was attributed to histoplasmosis if no other cause
was determined and laboratory evidence was consistent with
active histoplasmosis, including positive culture, increased an-
tigen concentration, or antigen concentration persistently higher
than the upper limit of the test (Q39 ng/mL). Remission was
classified based on evidence of a period of absence of clinical
findings before the relapse of active histoplasmosis.

Statistical Analysis
For analysis of the relationships of variables between PD

and PC patients, univariate analyses were performed using the
chi-square test or the Fisher exact test for categorical variables.
The Wilcoxon tests were used for continuous variables. SAS
version 9.3 (SAS Institute, Cary, NC) was used for statistical anal-
ysis. To determine the variables associated with relapse, a mul-
tiple logistic regression was performed with the regression
modeling the probability of relapse. Variables with a p value
G 0.15 in the bivariate analysis and confounders were included
in the model. The level of significance was defined as p G 0.05
(2-sided) unless otherwise specified.

RESULTS

Patients
Of 227 histoplasmosis patients, 97 met the study require-

ments. Eighty-six patients were excluded due to inadequate in-
formation to verify diagnosis or clinical findings or to classify
outcome, and 44 were excluded because they had follow-up of
less than 1 year. Histoplasmosis occurred before 2007, the year
the IDSA guidelines recommended withdrawal of suppressive
antifungal therapy, in 31 of 38 (81.6%) patients in the PD group
and 42 of 59 (72.9%) patients in the PC group.

Baseline Characteristics
Most parameters were similar between the 2 groups (Table 2).

Thirty-four percent of patients in both groups were receiving
antiretroviral therapy at the initial diagnosis of histoplasmosis.
Severe histoplasmosis was present in 12% of patients in the
PD group and 7% in the PC group and was disseminated in
87% of the PD group compared to 88% of the PC group. The
CNS was involved in 17% of the PC group and 5% of the PD
group (p = 0.12). The difference in median CD4 cell count in
the PD group and the PC group was not statistically significant,
35 cells/KL and 17 cells/KL, respectively (p = 0.25). Positive
culture occurred in 89% of the PC group and 71% of the PD
group (p = 0.12).

Amphotericin B was used for initial treatment in 63% of
the PD and 68% of the PC group, for 2.1 and 3.1 weeks,

TABLE 1. Second- and Third-Generation Histoplasma
Antigen Tests

Parameter Second Generation Third Generation

Expression of results Semi-quantitative
(units)

Quantitative
(ng/mL)

Reference range 0Y0.9 units None detected
Lower limit of detection 1.0 unit G0.6 ng/mL
IDSA guideline for
stopping therapy

G4.0 units G2.0 ng/mL

Abbreviations: IDSA = Infectious Diseases Society of America.
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respectively, which was followed by itraconazole. The remaining
percentage of patients from each group was treated with
itraconazole only. Twelve patients with CNS histoplasmosis were
treated with amphotericin B deoxycolate or lipid formulation for
a median duration of 7 weeks (range, 1Y28 wk) followed by
itraconazole. Eight patients were continued on itraconazole at
the most recent follow-up; 4 patients were treated with a median
duration of 10 months (range, 6Y58 mo). None of them was
treated with other triazoles.

Two follow-up time points were analyzed: the time of treat-
ment discontinuation or at 1 year if treatment was not stopped,
and the time of most recent follow-up.

At treatment discontinuation or at 1 year if treatment was
not stopped, 87% of the PD and 39% of the PC group patients
were adherent to therapy (p G 0.0001) (Table 3). Forty-one per-
cent of the African American patients (14/34) were adherent
compared to 62% of white (20/32) and 81% of Latino pa-
tients (25/31) (p G 0.0001). No relapse occurred among African
American, white, or Latino patients who were adherent to ther-
apy. The median duration of antifungal treatment at the time
of discontinuation was 22 months in the PD group. Eight pa-
tients in the PC group discontinued therapy against the advice
of their physicians, with a median of 9.5 months (6Y44 mo)
of therapy. Seventy-six percent (29/38) of the patients in the

PD group had completed at least 12 months of therapy when
treatment was discontinued. Nine patients completed less than
12 months of therapy: 11 months in 3, 6 months in 2, and 10, 9,
8, and 4 months in 1 patient each. The CD4 count was above
150 cells/KL in 92% of the PD and 34% in the PC group
(p G 0.0001). The median HIV RNAwas 50 c/mL in the PD and
5860 c/mL in the PC group (p G 0.0001). Histoplasma anti-
genuria was below 2.0 ng/mL in 82% of the PD and 21% of
the PC group (p = 0.0005). Five patients (8%) in the PC group
relapsed before receiving 1 year of treatment. No deaths were
caused by histoplasmosis during the first year of therapy in
either group.

At the most recent follow-up visit, the median duration of
follow-up from the initial diagnosis was 64.5 months in the PD
and 54.4 months in the PC group (p = 0.028). The median du-
ration of treatment was 23.5 months in the PD and 44 months
in the PC group (p = 0.009). One patient in the PC group sub-
sequently became adherent to therapy, and the physician discon-
tinued suppressive treatment. For the last follow-up analysis,
that patient was analyzed in the PC group. The CD4 count was
above 150 cells/mL in 97% of the PD and 28% of the PC group
(p G 0.0001). The HIV RNA was below 400 c/mL in 95% of
the PD and 46% of the PC group (p e 0.0001). Histoplasma
antigenuria was below 2.0 ng/mL in 92% of the PD and 55%

TABLE 2. Characteristics at the Time of Diagnosis of Histoplasmosis

Parameter PD Group (N = 38) PC Group (N = 59) P

Age-median (yr) 37 40 0.88
Sex-male 82% (31/38) 86% (50/59) 0.78
White 37% (14/38) 31% (18/59) 0.9
African American 32% (12/38) 37% (22/59) 0.9
Latino 32% (12/38) 32% (19/59) 0.9
Receiving antiretroviral therapy 34% (12/35) 34% (19/56) 0.92
CD4 cells/KL, median (range) 35 (0Y800) N = 34 17 (1Y187) N = 55 0.25
CD4 G150 cells/KL 85% (29/34) 95% (52/55) 0.14
HIV RNA c/mL, median (range) 428,174 (G50 Y 2,321,430) N = 32 295,693 (G48 Y 3,286,540) N = 48 0.49
HIV RNA Q 100,000 c/mL 75% (24/32) 73% (35/48) 0.69
HIV RNA G400 c/mL 6% (2/32) 4% (2/48) 1.0
Disseminated disease 87% (34/38) 88% (52/59) 1.0
CNS Histoplasmosis 5% (2/38) 17% (10/59) 0.12
Hospitalized, ICU (severe disease) 12% (4/34) 7% (4/56) 0.61
Hospitalized, no ICU (moderate disease) 82% (28/34) 86% (48/56) 0.31
Not hospitalized (mild disease) 6% (2/34) 7% (4/56) 1.0
Culture positive 71% (22/31) 89% (41/46) 0.12
Pathology positive 83% (10/12) 86% (18/21) 1.0
Histoplasma antigen urine* positive 100% (34/34) 100% (50/50) 1.0
Histoplasma antigen urine † ng/mL, median (range) 939.0 (0.9Y939.0) N = 25 939.0 (0.5Y939.0) N = 38 0.32
Histoplasma antigen serum * positive 83% (5/6) 100% (11/11) 0.35
Histoplasma antigen serum † ng/mL, median (range) 22.2 16.7 0.72
Anti-Histoplasma antibody positive 90% (9/10) 88% (14/16) 1.0
Initial amphotericin B‡ 63% (24/38) 68% (40/59) 0.64
Duration of amphotericin B ‡ Ymean (weeks) 2.1 3.1 0.32
Initial itraconazole 37% (14/38) 32% (19/59) 0.64

Data shown as % (number/total) unless specified otherwise.

Abbreviations: PD = physician-discontinued suppressive therapy group, PC = physician-continued suppressive therapy group, CNS = central
nervous system.

*Antigen testing was performed at MiraVista Diagnostics.
†The median concentration was calculated for samples using the quantitative method.
‡Amphotericin B deoxycholate or lipid formulations.
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of the PC group (p = 0.022). None of the patients in the
PD group had relapsed compared to 21 of 59 (36%) in the PC
group (p G 0.0001), and none of the patients in the PD group
died from histoplasmosis compared to 3 of 59 (5%) in the PC
group (p = 0.28). Death was also more common in nonadhe-
rent patients, 3 of 37 (8%) compared to none of 60 adherent
patients (p = 0.08).

Clinical and laboratory findings, treatment, and outcome
in the relapse patients are summarized in Table 4. The median
duration of treatment at the time of relapse was 18.6 months.
Respiratory illness was the most common manifestation, occur-
ring in 48% of cases. A sepsis syndrome was observed in 14%
and CNS disease in 10% of cases. Histoplasma was isolated
from blood or other body fluids from 9 of the 21 relapse pa-
tients (42.8%). High or increasing concentrations of antigen
were detected in 20 patients (95%). Antigenuria increased at
least 2.0 ng/mL in 12 of 16 (75%) relapse patients in whom a
prior concentration was available, compared to none of 21 pa-
tients who did not relapse (p G 0.0001). In 3 relapse patients,
antigen Q39.0 ng/mL in the current and prior specimens pre-
cluded detection of an increase at relapse. Antigenuria declined
from 12.5 to 5.3 ng/mL in 1 patient who relapsed with menin-
gitis, but the antigen concentration was Q39.0 ng/mL in the
CSF. Three patients died (14%) from histoplasmosis, 3 were
lost to follow-up, and 15 (71%) achieved clinical remission.

Analysis of Relapses
Most baseline characteristics were similar (Table 5). The

higher relapse rate in African American patients, 52% (11/21),

and lower rate in Latino patients, 14% (3/21) (p = 0.06),
was attributable to differences in adherence to therapy. CNS
histoplasmosis was more common in the patients who relapsed
(38%) than in those who did not relapse (5%) (p = 0.0004).
Similarly, 8 of 12 (67%) patients with CNS histoplasmosis
relapsed compared to 13 of 85 (15%) patients without CNS
involvement (p = 0.0004).

At the time of treatment discontinuation or at 1 year, the
findings associated with relapse included nonadherence to ther-
apy, CNS involvement, higher urinary Histoplasma antigen con-
centration, HIV RNA, and CD4 cell count. All relapse patients
were nonadherent to therapy, compared to 16 of 76 (21%) pa-
tients who did not relapse (p G 0.0001). Twenty-one of 37 (57%)
nonadherent patients relapsed compared to none of the 60 ad-
herent patients (p G 0.0001). Eight of 12 patients with CNS
disease relapsed, and all 8 were nonadherent to therapy. The
viral load data for 5 of 8 CNS patients were available at the time
of relapse, median of 100,000 c/mL (range, 60,600Y750,000 c/mL).

Relapse patients had a higher median antigenuria concen-
tration than thosewho did not relapse, 28.1 ng/mL compared with
1.0 ng/mL, respectively (p = 0.016). Antigenuria was 910 ng/mL
in 63% of the relapse patients compared with 24% of the
nonrelapse patients (p = 0.009), and relapse occurred in 12 of
the 18 (67%) patients with antigenuria 910 ng/mL compared with
7 of the 19 (37%) patients with lower concentrations (p = 0.07).

In a multivariate analysis, patients with CNS disease
were more likely to relapse compared to those without CNS
disease (odds ratio EOR^, 11.07; 95% confidence interval ECI^,
1.47Y83.14) (Table 6). All of the patients with CNS disease
also were nonadherent with treatment for both antiretroviral

TABLE 3. Characteristics at the Time of Discontinuation of Suppressive Therapy or at 1 Year in Those Who Did Not Stop
Suppressive Therapy, and at Most Recent Follow-Up

Time of Treatment Withdrawal in the PD Group
or 1 Year in the PC Group

Most Recent Follow-Up
(Median 49 Months, Range 12 Y 170 Months)

PD Group (N = 38) PC Group (N = 59) P PD Group (N = 38) PC Group (N = 59) P

Adherence to therapy 87% (33/38) 39% (23/59) G0.0001 87% (33/38) 41% (24/59)* G0.0001
Duration of

therapy-months,
median (range)

23.5 (4Y122) N = 38 NA† NA† 23.5 (4Y122) N = 38 44 (11Y170) N = 53 0.009

CD4 cells/KL,
median (range)

299 (133Y1453) N = 38 64 (1Y808) N = 59 G0.0001 379 (98Y1942) N = 38 79 (0Y950) N = 56 G0.0001

CD4 Q150 cells/KL 92% (35/38) 34% (20/59) G0.0001 97% (37/38) 28% (16/57) G0.0001
HIV RNA c/mL,

median (range)
50 (G48 Y 700) N = 38 5860 (G48 Y 9750,000) N = 58 G0.0001 48 (G20 Y 1350) N = 37 2400 (G48 Y 2,225,635) N = 55 G0.0001

HIV RNA
Q 100,000 c/mL

0% (0/38) 24% (14/58) 0.0006 0% (0/38) 25% (14/55) 0.0006

HIV RNA
G400 c/mL

97% (37/38) 41% (24/58) G0.0001 95% (36/38) 46% (26/57) G0.0001

Histoplasma antigen
urine G2ng/mL‡

82% (9/11) 21% (7/34) 0.0005 92% (11/12) 55% (23/42) 0.022

Histoplasma antigen
urine ng/mL
median (range)

0.5 (0Y29.30) N = 11 8.5 (0.5Y939.0) N = 27 0.086 0 (0Y4.0) N = 12 1.2 (0Y939.0) N = 34 0.05

Relapse 0% (0/38) 8% (5/59) 0.15 0% (0/38) 36% (21/59) G0.0001
Death from

histoplasmosis
0% (0/38) 0% (0/59) Cannot

analyze
0% (0/38) 5% (3/59) 0.28

Data shown as % (number/total) unless specified otherwise.

Abbreviations: PD = physician-discontinued suppressive therapy group, PC = physician-continued suppressive therapy group.

*One patient became adherent to therapy after treatment for a relapse of histoplasmosis.
†Not applicable.
‡Classification of antigen level as below 2 ng or 4 units is presented as below 2 ng/mL.
§The median concentration was calculated for samples using the quantitative method.
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therapy and antifungal drugs. Those with antigenuria Q2.0 ng/mL
at 1-year follow-up were 13.16 (95% CI, 3.01Y58.82) times more
likely to relapse compared to those with antigenuria G2.0 ng/mL,
and those patients with a CD4 count G150 cells/KL were 5.18
(95% CI, 1.06Y25.0) times more likely to relapse compared to
their counterparts. The OR for adherence could not be calculated
because none of the adherent patients relapsed. However, HIV
RNA Q100,000 copies/mL at 1 year or withdrawal of therapy
was not a statistically significant risk factor for relapse (OR,
3.74; 95% CI, 0.61Y23.26).

Long-term follow-up (median, 49 mo; range, 12Y170 mo)
information was available for 18 of the 21 relapse patients and

all 76 nonrelapse patients (see Table 5). Two-thirds of the relapse
patients continued to be prescribed antifungal therapy at the
last follow-up compared to 46% of the nonrelapse patients
(p = 0.17). Death caused by histoplasmosis was more common
in the relapse patients than in nonrelapse patients, 14% and 0%,
respectively (p = 0.009). HIV RNA was higher in the relapse
patients than in those who did not relapse, 72,326 and 50 c/mL,
respectively (p G 0.0001), and the CD4 count was lower in the
relapse than nonrelapse patients, 61 and 212 cells/KL, respec-
tively (p = 0.018). Histoplasma antigenuria Q2.0 ng/mL was
more common in the relapse than nonrelapse patients, 58%
and 24%, respectively (p = 0.012), and median level was higher

TABLE 5. Characteristics in Patients Who Did or Did Not Relapse

Characteristic Relapse (N = 21) No Relapse (N = 76) Univariate Analysis P

Baseline
White 33% (7/21) 33% (25/76) 0.97
African American 52% (11/21) 32% (24/76) 0.08
Latino 14% (3/21) 37% (28/76) 0.06
On antiretroviral therapy before
histoplasmosis

30% (6/20) 33% (24/72) 0.78

CD4 cells/KL, median (range) 30 (3Y187) N = 18 26 (0Y800) N = 71 0.88
CD4 G150 cells/mL 89% (16/18) 92% (65/71) 0.66
HIV RNA c/mL, median (range) 379,055 (50 Y 91,000,000) N = 18 315,908 (G48 Y 3,286,540) N = 62 0.81
HIV RNA 9 100,000 c/mL 83% (15/18) 72% (45/62) 0.54
CNS involvement 38% (8/21) 5% (4/76) 0.0004
ICU admission (severe) 5% (1/21) 10% (7/69) 0.68
Histoplasma antigen*, median (range) 939.0 939.0 0.87
Initial amphotericin B 57% (12/21) 67% (51/76) 0.28
At time of treatment withdrawal in PD group or at 1 year in patients who did not stop therapy, or at time of relapse in those who
relapsed during first year of therapy

Nonadherence to treatment 100% (21/21) 21% (16/76) G0.0001
CD4 cells/KL, median (range) 28 (1Y470) N = 21 197 (1Y1453) N = 76 0.0022
CD4 G150 cells/mL 86% (18/21) 37% (28/76) 0.0001
HIV RNA c/mL, median (range) 34,980 (100Y9750,000) 50 (G48Y9750,000) N=75 G0.0001
HIV RNA G 400 c/mL 19% (4/21) 76% (57/75) G0.0001
HIV RNA9100,000 c/mL 33% (7/21) 11% (8/75) 0.012
Histoplasma antigen† ng/mL,
median (range)

28. 1 (0.5Y939) N = 16 1.0 (0Y39) N = 21 0.016

Histoplasma antigen† 9 2.0 ng/mL 84% (16/19) 52% (13/25) 0.05
Histoplasma antigen† 9 10.0 ng/mL 63% (12/19) 24% (6/25) 0.009
Most recent follow-up
Months since diagnosis, median 53 48 0.72
Continue antifungal therapy 67% (10/15) 46% (36/76) 0.17
Death from histoplasmosis 14% (3/21) 0% (0/76) 0.009
CD4 cells/KL, median (range) 61 (1Y353) N = 20 212 (0Y1942) N = 75 0.018
CD4 G150 cells/KL 85% (17/20) 33% (25/75) G0.0001
HIV RNA c/mL, median (range) 72,326 (48 Y 1,000,000) N = 21 50 (G20 Y 2,225,635) N = 73 G0.0001
HIV RNA 9 100,000 c/mL 45% (9/20) 7% (5/73) 0.0002
HIV RNA G 400 c/mL 30% (6/20) 77% (58/75) G0.0001
Histoplasma antigen
9 2.0 ng/mL 58% (11/19) 24% (8/34) 0.012
Histoplasma antigen† ng/mL,
median (range)

2.1 (0Y39) N = 15 0 (0Y39) N = 30 0.038

Data shown in % (number./total) unless specified otherwise.

* Medians determined for quantitative results only.
† Comparison of the specimen at relapse with the last prior specimen or the specimen at treatment withdrawal or at 1 year in those who did

not relapse.
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in the relapse than nonrelapse patients, 2.1 ng/mL and 0 ng/mL,
respectively (p = 0.038).

DISCUSSION
To our knowledge, this is the first analysis of factors asso-

ciated with the relapse of histoplasmosis in HIV-infected patients
in the HAART era. The primary objective of this study was to
determine the outcome of physician-directed discontinuation of
chronic suppressive therapy for histoplasmosis in patients with
AIDS. There were no relapses or deaths caused by histoplas-
mosis in the PD group, supporting the safety of discontinuation
of therapy in many patients. The IDSA guideline recommends
that patients complete at least 1 year of antifungal and 6 months
of antiretroviral therapy, and have CD4 count 9150 cells/mL, neg-
ative fungal blood cultures, and antigen concentrations in urine
and serum G2.0 ng/mL before discontinuing antifungal treat-
ment.11 Only 76% of PD patients had received at least 1 year of
antifungal treatment, but none relapsed, suggesting that 12 months
of therapy may not be required in all cases if immune function
improves in response to antiviral therapy. One such patient re-
covered with only antiretroviral therapy, without antifungal
therapy. Ninety-two percent of the PD patients had CD4 counts
Q150 cells/mL. Fungal blood cultures appear to be unnecessary
in the decision to stop therapy. Urinary antigen levels at dis-
continuation of therapy were measured in only 29% of patients
and were G2.0 ng/mL in 92%.

The PD and PC groups differed in most parameters at dis-
continuation of therapy or at 1 year, the most important of which
was adherence to therapy. Eighty-seven percent of the PD group
was adherent compared to 39% of the PC group (p G 0.0001).
CD4 counts were lower and HIV RNA and Histoplasma anti-
gen levels were higher in the PC group (p G 0.0001). All relapses
occurred in patients who were nonadherent to therapy. Relapse
occurred in 53% of the nonadherent but in none of the adhe-
rent patients (p G 0.0001). Eight percent of nonadherent patients
died compared to none of the adherent patients (p = 0.08). All
of the deaths followed relapse of histoplasmosis in the PC group.
Comparing laboratory parameters in both groups, there was
better viral suppression, higher CD4 cell counts, and lower an-
tigen concentrations in the PD group.

Relapse was more common in patients with CNS histoplas-
mosis. Sixty-seven percent of patients with CNS histoplasmosis
relapsed compared to 15% of those without CNS involvement
(p = 0.0004). All 8 CNS cases that relapsed were nonadherent
to therapy, while 4 CNS cases that did not relapse were adherent
to therapy. Relapse in CNS histoplasmosis may be explained by
nonadherence and poor CNS penetration by itraconazole.2

Relapse occurred in none that were adherent compared to 42% of
those that were nonadherent.

Monitoring antigenuria concentration appeared to aid in
the management of these patients.9 Relapse occurred in 67% of
patients with antigenuria 910 ng/mL compared to 27% of those
with lower concentrations (p = 0.009). Elevated antigen level
supported the diagnosis of relapse in 95% of cases. Median con-
centration at the time of relapse had increased by 20.1 ng/mL.
One patient, who relapsed with CNS histoplasmosis, exhibited
a decline in antigenuria but had a concentration 939 ng/mL in
the CSF. Rising antigen concentrations even in the absence of
symptoms raises concern about relapse.

Several limitations of this study require consideration.
First, Histoplasma antigen, fungal culture, HIV RNA, and CD4
cell counts were not obtained with consistency or at regular
intervals. Second, follow-up information obtained by medical
record review may not accurately describe the clinical status
of the patient. Third, determination of adherence based on phy-
sicians’ observations and HIV RNA may not be as accurate as
other measures of adherence.4 Fourth, although univariate and
multivariate analysis showed that there was a significantly higher
relapse rate in CNS histoplasmosis, the difference might all be
contributed by nonadherence. Adherence could not be calcu-
lated as a factor in multivariate analysis because none of the
adherent patients relapsed. Finally, antigen testing in serum was
performed in too few patients to assess its role in making de-
cisions about stopping treatment. However, other studies have
shown more rapid clearance of antigenemia than antigenuria,
suggesting that monitoring either or even both may be useful for
assessing the outcome of therapy6 and for diagnosing relapse.9

In conclusion, although 24% patients stopped therapy
before completing a 12-month course and did not relapse, the
recommendation to treat for at least 12 months seems prudent.
Similarly, although antigen concentration at discontinuation of
therapy was determined in only 29% of patients, relapse was
13.18 times more likely in patients with antigenuria Q2.0 ng/mL.
Other guideline criteria that should be retained include antire-
troviral treatment for at least 6 months and CD4 cell count of
at least 150 cells/mL. In the current study we identified 3 other
criteria that should be considered in decisions to stop treatment.
Nonadherence to therapy was the main predictor for relapse.
HIV RNA G400 c/mL, a marker for adherence, also should be
a criterion for stopping treatment. Relapse was 11.07 times
more likely in patients with CNS histoplasmosis, which may
be related to nonadherence. Fungal blood culture may not be
necessary at the end of therapy for adherent patients. Finally,
additional therapy and continued monitoring for relapse is
recommended in patients with rising HIV RNA, rising antigen
levels, declining CD4 counts G150 cells/KL, or in patients who
have been nonadherent to therapy.
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