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Abstract
Background—Cryptococcal meningitis (CM) is the proximate cause of death in 20–30% of persons
with AIDS in Africa.

Methods—Two prospective observational cohorts enrolled HIV-infected, antiretroviral-naïve
persons with CM in Kampala, Uganda; the first in 2001–02 (n=92) prior to HAART availability; the
second in 2006–07 (n=44) with HAART available.

Results—Ugandans presented with prolonged CM symptoms (median 14, IQR: 7 to 21 days). The
14-day survival was 49% (45/92) in 2001–02 and 80% (35/44) in 2006 (P<.001). HAART was started
35 ± 13 days from CM diagnosis and does not explain the improved 14-day survival in 2006. In
2006–07, survival continued to decline after hospitalization with only 57% (25/44) alive before
initiating HAART. Probable cryptococcal-related immune reconstitution inflammatory syndrome
(IRIS) occurred in 42% (10/24) with 4 deaths. At 6 months after CM diagnosis, 18 persons (41%)
were alive and on HAART in 2007.

The median CSF opening pressure was 330mm H2O with 81% having elevated pressure (≥200mm).
Only five patients consented to therapeutic lumbar punctures. Pressures >250mm trended towards
higher mortality (Odds Ratio (OR)= 2.1; 95% CI: 0.9 to 5.2; P=.09). Initial CSF WBC <5 cells/mL
was associated with failure of CSF sterilization (OR=17.3; 95% CI: 3.1 to 94.3; P<.001), and protein
level <35mg/dL was associated with higher mortality (OR=2.0; 95% CI: 1.2 to 3.3; P=.007).
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Conclusions—Significant CM mortality persists despite amphotericin and HIV therapy due to
high mortality prior to HAART and to IRIS-related complications after HAART initiation.
Approaches to increase acceptance of therapeutic lumbar punctures are needed.
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immune reconstitution inflammatory syndrome

INTRODUCTION
Cryptococcal meningitis (CM) is the most common fatal central nervous system infection in
patients with AIDS in Sub-Saharan Africa [1], where patients often present with advanced HIV
disease, and CM is often the initial AIDS-defining illness [2]. The rate of cryptococcal infection
in Uganda (40.4/1000 person-years) is double that reported in HIV-patients in North America
(17–20/1000 person-years) prior to highly active anti-retroviral therapy (HAART) and
exponentially higher than during the HAART era (1.5/1000 person-years) [3,4,5]. In two
cohorts from Uganda, 20–30% of those with advanced HIV died from CM with a median
survival of 26 days [4,6]. Even though antiretroviral access is rapidly expanding in Africa,
management of opportunistic infections (OIs) remains a major challenge of HIV/AIDS care.

In North America, the cryptococcal mortality rate is <10% with the combination of
amphotericin B given 0.7–1.0 mg/kg/day, flucytosine (5-FC), and aggressive management of
raised intracranial pressure (ICP) [7]. Mortality at 14 days for HIV-associated CM in Sub-
Saharan Africa following amphotericin ranges from 17% to 36% with the median survival of
approximately one month [8,9,10,11,12]. Risk factors for mortality include delay in diagnosis,
lack of amphotericin, lack of HAART, and greater fungal burdens [11]. A prospective study
in Thailand using amphotericin 0.7mg/kg/day reported a 14 day CM mortality of 16% [13]. In
clinical practice in Africa, fluconazole alone is routinely used due to affordability and ease of
use [14,15,16]. With fluconazole and without HAART, the survival of HIV-associated CM in
an African setting at 6 months is dismal with <5% surviving [14,15,16,17,18].

We conducted two prospective observational studies, before and after HAART availability, to
determine the clinical presentation and mortality rate of CM among HIV-infected adults
receiving amphotericin.

METHODS
Study Design

Two prospective, observational studies of HIV-infected adults diagnosed with CM were
conducted in Kampala, Uganda at Mulago Hospital, the national tertiary referral and teaching
hospital. The first observational period was from November 2001 through March 2002, prior
to the availability of HAART. All patients presenting with headache, neck stiffness,
photophobia, fever, and/or mental status change were screened for study eligibility in the
emergency ward. Patients were enrolled if they were ≥18 years of age, HIV seropositive by
ELISA, not receiving HAART, and had qualitative CSF culture with C. neoformans. Exclusion
criteria were: hemoglobin <5.0 g/dL, creatinine >3.0 mg/dL, or being comatose and thus unable
to consent.

The second study period was July 2006 through December 2006, after the availability of
HAART in Uganda. Screening and inclusion criteria were identical, except CM status was
considered positive if two of three of the following CSF tests were positive: India ink,
cryptococcal antigen (CRAG), or C. neoformans quantitative culture.
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Written informed consent was obtained from each subject. Study protocols were approved by
the University of Minnesota, Makerere University, and Ugandan National committees.

Treatment
Amphotericin B deoxycholate was given for 14 consecutive days at a dose of 0.7 mg/kg/day.
Intravenous fluid of 1L of normal saline (NS) daily was recommended in 2001 and provided
in 2006. Renal function was monitored in 2001 at baseline, day 7, and day 14 versus baseline
then three times weekly in 2006. Those developing acute renal dysfunction (creatinine >3.0
mg/dL) received: ≥2 L NS daily, alternate day amphotericin, and daily creatinine
measurements. To manage elevated ICP (>200 mm H2O), CSF was drained until the pressure
was reduced by 50% and/or pressure was <200 mm H2O, and then daily LPs were
recommended; however subjects often refused subsequent therapeutic LPs [19]. Upon hospital
discharge, patients received consolidation therapy with fluconazole 400mg/day for eight weeks
at the Infectious Diseases Institute (IDI) clinic. Thereafter, maintenance therapy with
fluconazole 200mg/day for secondary prophylaxis was given indefinitely.

In 2006, patients were seen in the IDI clinic within one week of hospital discharge for HAART
counseling and began HAART 1–2 weeks thereafter. Initial HAART regimens were
zidovudine (AZT), lamivudine (3TC), and efavirenz; or stavudine (D4T), 3TC, and nevirapine.

Data Collection
Medical history, physical examination, neurological assessment, and lumbar puncture were
performed, and CSF opening pressure (up to 560 mm H2O) was measured. CSF was analyzed
for protein, glucose, cell count with differential, Indian ink stain, Gram’s stain, Ziehl-Neelsen
stain for mycobacteria, CSF CRAG by latex agglutination titer (Murex Diagnostics, Norcross,
GA), and C. neoformans culture on Sabouraud dextrose agar. Quantitative CSF cultures were
performed in 2006 using a calibrated loop with 10μL of CSF supernatant cultured on Sabouraud
and Chocolate agars. Visible colonies were counted on each agar plate by two different
technicians with the average recorded. CSF was re-cultured on day 14. Study personnel visited
subjects daily and repeated neurologic and laboratory evaluations on days 7 and 14.

After initiation of HAART, patients were evaluated for evidence of immune reconstitution
inflammatory syndrome (IRIS) defined as an atypical or exaggerated infectious or
inflammatory condition temporally related to the initiation of HAART whereby the symptoms
cannot be explained by: an alternate infection, malignancy, treatment failure of the OI, adverse
drug reaction, or complete antiretroviral non-compliance. When CM-IRIS was suspected,
subjects had LPs performed with India ink, qualitative CRAG testing, and repeat quantitative
cultures to exclude CM relapse. The common triad for CM-IRIS is 1) treated CM, 2) recently
started HAART, and 3) new aseptic meningitis.

Statistical Analysis
Data were analyzed using SPSS 15.0 (Chicago, IL). The log rank test identified categorical
factors associated with risk of death. Logistic regression was used to assess the risk of
microbiologic treatment failure and death during the first 2 weeks of amphotericin therapy.
Normally distributed continuous variables are described by mean ±SD and compared by t-test.
Non-normally distributed variables are described by median and interquartile range (IQR) and
compared by the Mann-Whitney U. Categorical differences between time periods are compared
by Chi-square, and survival analysis by Cox-proportional hazards regression. Statistical
significance is P<.05.
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RESULTS
Baseline characteristics

Among the 226 persons screened with symptoms and signs suggestive of meningitis, 136
persons had CM (92 in 2001–02, 44 in 2006, (Figure 1). The median antecedent headache
duration was 14 days (IQR: 7 to 21 days), and 38% presented with altered mental status. CSF
cryptococcal cultures were positive in 89% (122/136) with a mean colony count of 5×104

colonies/mL (range 5×102 – 7.5 ×105), and of these, the CSF CRAG and India ink stain were
positive in 100% and 97%, respectively. The median CSF CRAG titer was 1:2048 (IQR 1:640
to 1:4096). The serum CRAG was positive in 97% (57/59). The mean CSF opening pressure
was 350 ±144 mm H2O (median 330, IQR: 240 to 476) with opening pressures greater than
the maximum measurable (≥560 mm H2O) present in 20%. Papilledema, present in 37%, was
associated with increasing opening pressure. Each 100 mm increase in CSF pressure increased
the odds of papilledema (OR=2.3; 95% CI: 1.7 to 3.2; P<.001). Comparing 2001 to 2006, there
were no significant differences in patient demographics, duration of illness, clinical symptoms,
and CSF parameters including opening pressure.

Outcomes
Pre-HAART Era (2001)—CM mortality was high with 41% (39/92) dying within the first
two weeks. The median time of death was day 4 (Figure 2). Eight patients (9%) prematurely
left the hospital against medical advice, thus only 49% (45/92) were known to be alive at 14
days. Resolution of headache by day 7 of anti-fungal therapy occurred in 32% and by day 14
in 69%. Of the 45 survivors completing 2 weeks of amphotericin, the median CRAG titer was
1:512 (IQR 1:128 to 1:1024), and 25 subjects (56%) remained culture positive for C.
neoformans. In 2001, long term follow up was not performed as HAART was unavailable in
Uganda. However, nearly all CM patients reported in the literature died by 6 months without
HAART [14,15,16,17,18].

HAART Era (2006)—In 2006, of the 44 antiretroviral naive patients with CM treated with
amphotericin, 35 survived hospitalization (80%). Survival at 14-days was greater during the
HAART era (absolute risk reduction (ARR) 31%; 95% CI: 15% to 46%; P<.001). The 2006
survival benefit persisted when excluding those leaving against medical advice and who were
presumed dead (ARR: 28%; P<.001).

After hospital discharge, eight persons died before starting HAART, two did not return for
clinic enrollment and were lost to follow up despite repeated attempts to reach them by mobile
phone (presumed dead), and one upon repeat testing by ELISA was HIV seronegative. Only
24 (56%) started HAART at a mean time from CM diagnosis of 35 ±13 days (range 17–78
days). The median CD4 count among survivors at the time of HAART initiation was 20 (IQR:
7 to 47, maximum 77) cells/μL. By 3 months of HAART, the median CD4 had increased to
76 cells/tL (IQR: 33 to 153) and by 6 months to 66 cells/tL (IQR: 55 to 109) cells/μL. Plasma
HIV RNA was undetectable (<400 copies/mL) in 44% (8/18) at 3 months and 83% (15/18) at
6 months. Only 18 persons (41%) were alive after 6 months of HAART, and each survived
>12 months (median ART of 16 months).

Predictors of Survival—Lack of CSF inflammation correlated with poor outcome. An
initial CSF WBC count of <5 cells/mL was independently associated with a positive CSF C.
neoformans culture after 14 days (23/31 (74%) vs. 2/14 (14%); OR=17.3: 95% CI: 3.1 to 94.3;
P<.001). A normal CSF protein level (<35mg/dL) was associated with higher 14-day mortality
(24/48 (50%) vs. 17/88 (19%); adjusted OR=2.0; 95% CI: 1.2 to 3.3; P=.007).
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More advanced disease, as evidenced by abnormal mental status (MMSE ≤25) at presentation,
was associated with increased mortality (19/27 (70%) vs. 20/57 (35%); adjusted OR=6.5; 95%
CI: 2.1 to 19.7; P=.001). Higher quantitative colony counts (>5 × 104/mL) trended toward
higher mortality (P=.054). In contrast, the initial CSF CRAG titer was not associated with
mortality (P=.7) or mycologic failure at 14 days (P=.4). Other baseline clinical and CSF
parameters, including opening pressure, were not helpful in predicting survival.

By multivariate Cox-regression, the only clinical and laboratory parameters statistically
associated with more rapid death were MMSE scores ≤25 (Hazard Ratio (HR) = 3.0; 95% CI:
1.6 to 5.8; P=.001), CSF protein level <35 mg/dL (HR = 2.1; 95% CI: 1.1 to 4.0; P=.03), or
body weight <55 kg (HR = 2.0; 95% CI: 1.1 to 3.9; P=.04).

Immune Reconstitution Inflammatory Syndrome (IRIS)
Of the 24 CM patients who started antiretroviral therapy, 7 subsequently developed
cryptococcal-related IRIS manifest as aseptic meningitis (n=5), generalized lymphadenopathy
(n=1), and severe pneumonitis with respiratory failure (n=1) within 2–33 weeks from HAART
initiation. Among the 5 subjects with aseptic meningitis, presenting features were severe
headache, vomiting, negative CSF cultures, and high opening pressures (range: 280–320 mm
H2O). One subject experienced sudden onset of transient, bilateral blindness twice after 20 and
25 weeks of HAART in conjunction with aseptic meningitis and a normal ophthalmologic
exam without papilledema. Another three subjects developed possible cryptococcal-related
IRIS events including chorioretinitis, phlyctenular conjunctivitis, and lobar pneumonitis. IRIS
also presented as unmasking of pulmonary TB in one patient and varicella zoster in another.
Thus, suspected IRIS events occurred in 50% of CM patients (95% CI: 29% to 71%). Six
persons subsequently died after starting HAART, four from cryptococcal-related IRIS, one
from possible CM-IRIS after 12 days of HAART, and one from profound anemia (hemoglobin
1.4 g/dL) with lactic acidosis after 10 weeks of an AZT-3TC-efavirenz regimen.

The median time between CM diagnosis and initiating HAART was 34 days (IQR: 27 to 41)
for IRIS cases and 37 days (IQR: 29 to 42) for those not experiencing IRIS (P=.7). The onset
of IRIS averaged 12.6 ± 8.6 weeks (median 12, range 2–33 weeks) of HAART.

Management of elevated ICP—Initial opening pressure was measured in 92% (126/136)
of CM subjects, of whom 81% had opening pressures ≥200mm H2O (Figure 3) and 69% met
the criterion for therapeutic CSF drainage (>250 mm H2O) per IDSA guidelines [19]. However,
only five eligible patients consented for therapeutic LPs. There is a strong cultural bias against
LPs in Uganda. Considerable efforts to convince patients and their caregivers of the necessity
of therapeutic LPs were unsuccessful. Surprisingly, the initial opening pressure was
unassociated with mortality by logistic regression (P=.7), even comparing those with markedly
increased (>560 mm) versus normal CSF pressure (OR=1.9; 95% CI: 0.6 to 6.1; P=.3) at CM
diagnosis. Patients who met the IDSA criterion for therapeutic CSF drainage (>250 mm H2O)
trended toward a higher 14-day mortality (OR=2.1; 95% CI: 0.9 to 5.2; P=.09) compared with
those with lower CSF pressures.

Toxicity—Nausea and vomiting with amphotericin occurred in 17%, and 10% experienced
marked rigors with amphotericin. Renal toxicity from amphotericin was uncommon; only one
person (1%) stopped amphotericin on day 7 due to a creatinine >3 mg/dL and only seven (9%)
showed creatinine levels ≥3.0 mg/dL at day 14. The median creatinine rise in day 14 survivors
was 0.6 mg/dL (IQR: 0 to 1.5 mg/dL), but a survival bias may be present. Neither creatinine
at presentation nor change by day 7 was associated with mortality (P > .9).

In 2006, renal function and electrolytes (Na, K) were measured three times weekly. An
unintended result was that 66% of survivors had amphotericin held temporarily for ≥1 day and

Kambugu et al. Page 5

Clin Infect Dis. Author manuscript; available in PMC 2008 December 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



33% for ≥2 days because of concerns for renal toxicity. Although these patients missed doses,
all but two patients completed 14 doses of amphotericin over 14–18 days.

DISCUSSION
Cryptococcal infection remains a significant problem in patients with AIDS in Sub-Saharan
Africa. We report 20–42% two-week mortality with HIV-associated CM despite amphotericin
therapy. This mortality is much higher than the 5.5%–15% mortality reported in North
American studies [3,7], but is comparable to that reported elsewhere in Sub-Saharan Africa
[1,8,9]. The two-week mortality rate has improved between 2001 to 2006 likely due to
increased institutional expertise and better intravenous fluid support. Nevertheless, even with
the availability of HAART, the 6-month survival after CM is only 41%. The one year survival
in Uganda with HAART remains four-fold worse than CM outcomes in France and
approximately two-fold worse than in Thailand [20,21].

CM mortality in Africa may remain a problem because late presentation with advanced CM is
common. In this study, the median duration of symptoms was 2 weeks. A significant proportion
had altered mental status (38%), similar to the experience in France (33%), but much higher
than the 10–12% in U.S. reports [7,22]. The median CSF opening pressure in this study was
also higher than the NIAID Mycosis Study Group (330 vs. 250mm H2O; P<.001), as was the
proportion of patients with CSF opening pressures ≥250mm H2O, meeting the recommended
criterion for therapeutic LPs (70% vs. 50%) [23].

As highlighted by Pappas [24], management of increased ICP is critical, yet only 6% of patients
in our study with an ICP ≥250mm consented for therapeutic LPs. There is a strong cultural
bias against lumbar punctures, reinforced by the high mortality of meningitis and inconsistent
availability of local anesthetic for the procedure. In our experience, patients and their families
consented to diagnostic LPs when near death and/or near-comatose, yet they would refuse later
therapeutic LPs. An additional 24% (36/151) refused consent for the initial diagnostic LP in
2001, were never included into this study.

Surprisingly, we did not find a correlation between CSF pressure and mortality. Perhaps this
is because most patients presented late with advanced disease and a high proportion had
elevated pressure. We found that lack of CSF inflammation was associated with worse
outcome. For example, low-normal protein (<35 mg/dL) was associated with increased acute
mortality, and low-normal CSF WBC counts (<5 cells/mL) were associated with culture
positivity at day 14 which is associated with delayed mortality; in agreement with other
observations [13,25].

IRIS is also an emerging problem in Africa, the magnitude of which is poorly characterized.
Unlike the cases of CM-IRIS from North America which reported no mortality [26] in this
study, four of ten persons with cryptococcal IRIS died, similar to French (3/10; 30%) and South
African (6/9; 66%) reports [27,28]. Yet, delaying HAART as a strategy to prevent IRIS in
resource-limited areas is not likely the answer, as mortality continues to accrue between
hospital discharge and starting HAART among those with very advanced HIV/AIDS. In our
2006–2007 cohort, the 21% mortality between 14 to 28 days equaled the initial 14-day mortality
(20%). Since there was also mortality with IRIS after HAART initiation, the optimal timing
for initiation of HAART remains unknown, and randomized trials are needed.

Given the high mortality of CM in Africa, alternative and complimentary approaches should
be considered. Adjunctive, flucytosine (5-FC) is unavailable and cost prohibitive (>$120/day).
From a public health perspective, scaling up routine HIV counseling and testing offer the
potential to intervene with HAART before AIDS-related OIs occur. Early HIV care offers the
potential of timely screening with a serum CRAG as cryptococcal antigenemia precedes CM
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symptoms by a median of 22 days [4,29]. Those asymptomatic with cryptococcal antigenemia
have a 7-fold higher odds of death after starting HAART with an 18% attributable risk [30].
Unfortunately, the CRAG’s current cost of $15-$25 is prohibitive. Another potential cost-
effective approach is primary fluconazole prophylaxis in populations with a high incidence of
CM and antiretroviral unavailability [31].

The limitations of this work include unclear reasons for improvement in survival in 2006.
Although the amount of intravenous fluid administered was not quantified, in 2001–02 fluid
use was intermittent due to frequent shortages, but in 2006, fluid use was universal. Basic
intravenous fluid management to limit amphotericin toxicity should not be neglected, and we
hypothesize that improved fluid management may improve mortality in resource-limited
regions. This requires further study.

In summary, our study demonstrates a high cryptococcal mortality despite amphotericin
therapy and the availability of HAART. Although use of HAART and early detection of HIV
may eventually lead to a reduction in OIs, including CM, management of OIs remains a key
facet of AIDS care in Africa. Trials to delineate the optimal timing of HAART initiation and
treatment for cryptococcal-IRIS are needed, as are studies to understand the pathophysiology
of IRIS.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Figure 1a. Study Profile Pre-HAART Era, 2001–2002.
Figure 1b. Study Profile in the HAART Era, 2006.

Kambugu et al. Page 11

Clin Infect Dis. Author manuscript; available in PMC 2008 December 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Kaplan-Meier survival curves stratified by time period
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Figure 3.
Distribution of CSF Opening Pressure in 126 HIV-infected Patients with Cryptococcal
Meningitis (2001 and 2006)
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