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Objectives: To measure the burden of disease and describe the epidemiology of
cryptococcosis in Gauteng Province, South Africa.

Design and methods: The study was an active, prospective, laboratory-based, popu-
lation-based surveillance. An incident case of cryptococcosis was defined as the first
isolation by culture of any Cryptococcus species from any clinical specimen, a positive
India ink cryptococcal latex agglutination test or a positive histopathology specimen
from a Gauteng resident. Cases were identified prospectively at all laboratories in
Gauteng. Case report forms were completed using medical record review and patient
interview where possible.

Results: Between 1 March 2002 and 29 February 2004, 2753 incident cases were
identified. The overall incidence rate was 15.6/100 000. Among HIV-infected persons,
the rate was 95/100 000, and among persons living with AIDS 14/1000. Males and
children under 15 years accounted for 49 and 0.9% of cases, respectively. The median
age was 34 years (range, 1 month–74 years). Almost all cases (97%) presented with
meningitis. Antifungal therapy was given to 2460 (89%) cases of which 72% received
fluconazole only. In-hospital mortality was 27% (749 cases). Recurrences occurred in
263 (9.5%) incident cases. Factors associated with death included altered mental status,
coma or wasting; factors associated with survival included employment in the mining
industry, visual changes or headache on presentation.

Conclusions: This study demonstrates the high disease burden due to cryptococcosis in
an antiretroviral-naive South African population and emphasizes the need to improve
early recognition, diagnosis and treatment of the condition.
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Introduction

Sub-Saharan Africa carries the greatest burden of the
world’s AIDS epidemic, with more than 60% of the
world’s HIV-infected population (approximately
25 million individuals) residing there [1]. South Africa
has the largest number of individuals living with HIV in a
single country [1]: national sentinel surveillance surveys
of ante-natal clinic attendees indicated that HIV
seroprevalence increased from less than 1% in 1990 [2]
to a median of 28% in 2002 [3]. In addition, HIV/AIDS
accounted for 30% of all deaths and 38% of life years lost
for the year 2000 [4,5]. Government provision of
antiretroviral therapy was initiated in March 2004 as
the ‘Comprehensive HIV and AIDS Care, Management
and Treatment Plan for South Africa’ [6]; by September
2004, about 12 000 individuals were receiving highly
active antiretroviral therapy (HAART) [7].

In the context of this rampant, largely untreated epidemic,
opportunistic infections, including cryptococcal menin-
gitis, are a major cause of morbidity, and a burden to the
health care sector [4,8]. Although cryptococcosis is
perceived to be common, accurate information on the
disease burden in the general population and among HIV-
infected persons in resource-poor settings is not available.
In Thailand, the national surveillance for AIDS-defining
illnesses found cryptococcosis to be the fourth most
common opportunistic infection, accounting for 18.5% of
all opportunistic infections reported [9]. A hospital-based
study from Uganda reported 40.4 cases of cryptococcosis
per 1000 person-years of observation [10]. Cryptococcal
meningitis caused 37% of all deaths among a cohort of
South African miners in 1998 [11]. Cryptococcal
meningitis was the leading cause of meningitis in Rwanda
in 1992 [12], and Zimbabwe in 1995 [13]. In South Africa,
in Durban and Soweto, in-hospital mortality among HIV-
positive cryptococcal meningitis patients was 64% [14] and
43% [15], respectively.

To quantify the burden of this disease in Gauteng and
describe its epidemiology, we conducted population-based
surveillance for cryptococcosis. Accurate estimates of the
burden of AIDS-related opportunistic infections in South
Africa where resources are limited are important to guide
prevention and management strategies. Furthermore, as
antiretroviral drugs become more widely available in South
Africa, reliable opportunistic infection surveillance data
will be useful to assess the impact of antiretroviral therapy.
Methods

Background
A population-based surveillance for cryptococcosis was
conducted in Gauteng province, South Africa for 2 years,
from 1 March 2002 until 29 February 2004. The
participating institutions included all health-care facilities
pyright © Lippincott Williams & Wilkins. Unauthor
in Gauteng; seven academic and 18 regional state
hospitals, one military hospital, three mines-funded
hospitals and numerous private clinics. The state hospitals
use National Health Laboratory Services (NHLS)
laboratories for diagnostic tests whereas non-state
hospitals use non-NHLS laboratories.

In October 2001, the population of Gauteng was
8.8 million people [16]; 17% of the population of
South Africa. The province includes the cities of
Johannesburg, Tshwane (formerly Pretoria) and Soweto.
In Gauteng in 2002 an estimated 1 449 899 people, 96.8%
of whom were adults aged 18–64 years, were living with
HIV/AIDS [17].

All eligible laboratories and public hospitals were
visited prior to commencement of surveillance by
the Gauteng Cryptococcal Surveillance Initiative Core
Committee (K.M., H.C.B., S.G., B.R.M., N.M., P.M.
and H.J.K.) to encourage participation in the study.
Two workshops were conducted for laboratory staff at
which the public health benefit of this surveillance was
explained, and training in the laboratory diagnosis of
cryptococcosis was provided. From 2002 on, the
Diflucan Partnership Program, sponsored by Pfizer,
made fluconazole available free of charge to public
hospitals for treatment and secondary prophylaxis of
cryptococcal meningitis and oropharyngeal candidiasis
[18].

Case definitions
An incident case of cryptococcosis was defined as the first
isolation by culture of any Cryptococcus species from any
clinical specimen, or a positive India ink or cryptococcal
latex agglutination test on cerebro-spinal fluid (CSF) or
other body fluid, or a positive histopathology specimen
for cryptococcosis, from a Gauteng resident. Cases that
met this definition but had a previous admission for
cryptococcosis were defined as ‘recurrent cases’. HIV
infection was defined as evidence in the medical records,
or history on interview, of a reactive HIV enzyme
immunoassay. AIDS was defined as a CD4 cell count
� 200 cells/ml, or evidence in the medical record or
history of an AIDS-defining illness according to US
Centers for Disease Control and Prevention (CDC)
definitions [19] in a patient with documented
HIV infection.

Case identification and ascertainment
Cases were identified prospectively by surveillance
officers who visited all laboratories weekly to review
records. Monthly electronic audits of the NHLS
laboratory information system were conducted to capture
cases missed by surveillance officers. Three surveillance
officers completed case report forms using medical record
reviews or patient interviews. Only basic demographic
and laboratory data from privately insured and military
patients were obtained. The Gauteng Cryptococcal
ized reproduction of this article is prohibited.
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Fig. 1. Age adjusted rates of cryptococcosis observed during
population-based surveillance in in Gauteng, 2002–2004.
Surveillance Initiative Core Committee managed all
aspects of the surveillance.

Ethical issues
Ethics clearance and permission to perform record
reviews and patient interviews, after informed consent
was obtained, was given by institutional review boards of
the Gauteng Department of Health, the University of the
Witwatersrand, the University of Pretoria, Aurum Health
of the Anglo American Corporation and Goldfields
mining house.

Laboratory methods
The diagnostic tests for cryptococcosis used at all
laboratories included culture and India ink; the crypto-
coccal latex agglutination test was available at some
academic and mining hospitals and all non-NHLS
laboratories. All laboratories submitted all isolates of
Cryptococcus species to the Mycology Reference Unit
(MRU) of the National Institute for Communicable
Diseases (NICD) of the NHLS. Isolates were submitted
on Sabouraud’s dextrose agar slants in screw-top glass
vials. In the MRU, the isolates were plated onto
Sabouraud’s dextrose agar to confirm purity. Genus
identification was confirmed by growth at 378C, brown
discoloration on Niger seed agar, and urease hydrolysis.
Isolates with indeterminate reactions were subjected to
API20C Aux (BioMerieux Durham, North Carolina,
USA) testing. All isolates of Cryptococcus underwent
speciation using canavanine–glycine–bromothymol blue
(CGB) agar. A proportion of isolates were submitted to
the Mycotic Diseases Branch Fungus Reference Unit at
the US Centers for Disease Control and Prevention
(Atlanta, Georgia, USA) for serotyping using Cryptochek
(Iatron, Tokyo, Japan).

Statistical analysis
Census data for Gauteng were obtained from the 2001
census [16]. Estimates of the prevalence of HIV infection
in the Gauteng population were obtained from the
Medical Research Council and Actuarial Society of
Southern Africa’s report on the HIV/AIDS profile of the
provinces of South Africa [17].

Statistical analysis of data was performed in SAS for
Windows, version 9.1 (SAS Institute Inc., Cary, North
Carolina, USA). A multinomial logit model was fitted to
the three-level outcome of hospital death within 2 days of
hospital admission, hospital death more than 2 days after
admission, and survival until discharge or transfer. Odds
ratios reported are defined as: odds of dying in the first
2 days (or after 2 days) after admission compared to
surviving until discharge/transfer for those having a
particular characteristic. The following variables were
considered for inclusion into the multivariable model
(regardless of the significance on the univariate analysis):
coma, convulsions, altered mental status, blurred/poor
vision, sixth cranial nerve palsy, headache, neck
opyright © Lippincott Williams & Wilkins. Unauth
stiffness, nausea, CD4 cell count< 200 cells/ml, wasting,
extra pulmonary tuberculosis, pulmonary tuberculosis,
previous diagnosis of Pneumocystis jiroveci pneumonia, any
previously documented AIDS-defining illness, being
employed in the mining industry, gender, receiving
teberculosis medications, isolate identified as Cryptococcus
neoformans (as opposed to Cryptococcus gattii), and whether
the patient received any amphotercin B, fluconazole only,
or no treatment. The initial model was selected using the
forward selection procedure in SAS, and using a
signficance level of < 0.05. Assessment of possible
confounding by variables not found to be statistically
significant from the forward selection method was done
by entering each variable into the multivariable model
and assessing the impact on the parameter estimates.
Results

Incidence
Between 1 March 2002 and 29 February 2004, 3004 case
report forms were recorded. After exclusion of 179 non-
Gauteng residents, 58 cases that were non-incident on
entry into the study and 14 non-cryptococcal cases, 2753
incident cases were identified. Population denominators
were as follows: overall population, 8 837 178; persons
living with HIV, 1 449 899; children under 14 years with
HIV, 31 488. The overall incidence rate was 15.6/100 000
(men¼ 15.2/100 000; women¼ 15.8/100 000). Rates
by racial group were: black¼ 20.7/100 000, mixed
race¼ 2.7/100 000, Indian/Asian¼ 0.7/100 000, white
race¼ 0.4/100 000. Age-adjusted rates are shown in
Fig. 1. Among HIV-infected persons, the rate was 95 per
100 000, and among persons living with AIDS 14 per
1000. In HIV-infected children under 14 years of age, the
incidence was 38/100 000. No seasonality in isolation
rate was observed.

Demographic characteristics
Males accounted for 49% of cases. The median age was 34
years (range, 1 month–74 years). Children under 15 years
of age accounted for 24 (0.9%) cases. The majority of
patients (98%) were black. Most cases were identified at
orized reproduction of this article is prohibited.
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Table 2. Symptoms, signs and concurrent illnesses present on
admission in cases of cryptococcosis observed during population-
based surveillance in Gauteng, 2002–2004.

Symptom, sign or concurrent illness Percentage of cases

Symptoms and signs
Headache 2147 (78%)
Neck stiffness 1900 (69%)
Fever 1514 (55%)
Nausea and vomiting 1129 (41%)
Altered mental status 853 (31%)
Seizures 248 (9%)
Coma 83 (3%)
6th cranial nerve palsy 28 (1%)

Concurrent opportunistic infections
Oral thrush 853 (31%)
Pulmonary tuberculosis 660 (24%)
Wasting 308 (11%)
Pneumocystis pneumonia (PCP) 110 (4%)
Pneumonia other than PCP 83 (3%)
Chronic diarrhoea 83 (3%)
Extrapulmonary tuberculosis 55 (2%)
No concurrent illnesses 1152 (42%)
the seven academic hospitals (46%) and the regional
hospitals (43%), with a smaller proportion coming from
non-public centers (11%). Unemployed individuals
accounted for 57% of all cases and miners for 9% of cases.

Laboratory diagnostic tests for clinical episodes
of cryptococcosis
Lumbar punctures were performed on 97% of cases: 97%
of the CSF specimens from these case-patients had India
ink performed, 96% had CSF sent for culture, and 55%
had CSF tested for cryptococcal antigen. Of the
2467 specimens tested by both culture and India ink,
2434 (99%) were culture positive, 2390 (98%) of which
were also India ink positive. Of the 1377 specimens tested
by both culture and cryptococcal antigen, 1349 (98%)
were culture positive, 1343 (98%) of which were also
cryptococcal antigen positive. Blood cultures were
performed on 473 (17%) of all cases; 344 (73%) were
positive. In 3% of cases, blood culture was the only
culture performed and it yielded growth of cryptococci.
Seven incident cases had a simultaneous finding of a
negative lumbar puncture for cryptococcosis and a
positive blood culture. Histological stains indicated the
presence of Cryptococcus in eight cases; (liver and lymph
node). Nine cultures other than CSF or blood yielded
growth of C. neoformans (ascitic fluid, bone marrow, fine
needle aspirate of unspecified site, synovial fluid,
pericardial fluid, pleural fluid, pus, skin and sputum).

The MRU received 2570 isolates from the participating
laboratories of which 1912 were viable. Fourteen non-
cryptococcal cases were identified, and excluded from the
database. Three Cryptococcus albidus and one Cryptococcus
laurentii were identified. The CGB agar testing indicated
that 46 were C. gattii. The Mycotic Diseases Branch of the
CDC received 219 isolates from 186 cases for serotyping.
Laboratory results are tabulated in Table 1.

Clinical characteristics
Almost all cases (97%) presented with signs and symptoms
that warranted a diagnostic lumbar puncture, indicating
the presence of meningitis. Clinical manifestations and
pyright © Lippincott Williams & Wilkins. Unauthor

Table 1. Serotype distribution of 1912 cryptococci isolated during
population-based surveillance in Gauteng from 2002–2004.

Designation Number of strains

Cryptococcus neoformans 1862
Serotype A (C. neoformans var grubii) 143
Serotype D (C. neoformans var neoformans) 0
Serotype AD 0
Serotype not determined 1719

Cryptococcus gattii 46
Serotype B 19
Serotype C 22
Serotype not determined 5

Other Cryptococcus species 4
Cryptococcus albidus 3
Cryptococcus laurentii 1

Total number of viable isolates received 1912
concurrent opportunistic infections present on admission
are tabulated in Table 2. None of the following non-HIV-
related risk factors for cryptococcal infection were
identified: rheumatologic disease, organ transplant,
Hodgkins’ disease, leukaemia. Nine patients presented
with chronic lung disease, one of whom was HIV
negative. Concurrent cryptococcal skin lesions were
identified in two cases.

HIV testing and characteristics of known
HIV-infected persons
An HIV test was offered to 705 cases on incident
admission (some of these patients gave a history of a
positive test), of whom 634 were tested. Results were
available for 611 of these tested cases, of which 11 (2%)
were seronegative. On incident admission, 1375 (50%) of
all cases gave a history of a previous positive test for HIV
infection. Among all cases, 1761 (64%) either reported a
previous HIV positive test or had a positive result from
this admission. The rest were discharged or died not
knowing their HIV infection status.

Among those who knew their HIV status (1375), 772
(53%) had AIDS prior to this incident admission. The
median CD4 cell count in all patients (HIV seropositive or
negative) for whom a test result was available (20% of the
group) was 37 cells/ml (range, 0–955). Nineteen (1%)
HIV-positive patients had a CD4 count above 200 cells/ml
on incident admission (range, 204–574; median 250).
Among the 918 patients who did not have their HIV
serostatus ascertained, 85 had CD4 cell counts available. Of
these, five (6%) were above 200 cells/ml.

Treatment and outcome
Of all cases, 2460 (89%) received antifungal therapy while
admitted. No antifungal therapy was given to 162 cases,
of whom 59 (36%) died within 2 days of admission, and
ized reproduction of this article is prohibited.
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39 (24%) were identified by blood culture alone resulting
in a delayed diagnosis of cryptococcosis. Of the treated
cases, 454 (18%) received amphotericin B only,
1770 (72%) received fluconazole only, and 234 (9%)
received fluconazole and amphotericin B. Two case-
patients received amphotericin B and another non-
fluconazole drug. A total of 749 (27%) cases died during
the admission. Among discharged cases 587 (32%) were
treated for Mycobacterium tuberculosis, and 868 (47%)
were prescribed trimethoprim–sulphamethoxazole. Four
cases were receiving highly active antiretroviral therapy
(HAART); [zidovudine/lamivudine plus efavirenz (two
cases) and zidovudine/lamivudine plus indinavir (two
cases)]. Mean duration of hospitalization for those cases
that survived was 10 days (range, 0–373 days), and for
those cases that died was 5 days (range, 0–195 days). All
case-patients admitted to public hospitals were eligible for
fluconazole on discharge through the free fluconazole
programme, although this may not have happened
in practice.

Recurrent cryptococcosis
During the period of surveillance, 263 (9.5%) incident
cases were hospitalized with recurrent cryptococcosis.
The median time interval from discharge for incident
disease to readmission was 59 days (range, 2–440). One
hundred and ninety-eight (75%) cases were re-admitted
to different hospitals. Mortality during hospitalization for
any subsequent episode of cryptococcosis was 25%.

Predictors of incident mortality
The multivariable model included 2424 incident cases
with complete information. Deaths within 2 days of
opyright © Lippincott Williams & Wilkins. Unauth

Table 3. Multivariate analysis of factors associated with mortality among
surveillance for cryptococcosis, Gauteng province, South Africa, 2002–2

Comparison: death within 2 days o
with those who survived

No. died
within

2 days of
admission

(%)
No. survived

(%)
Characteristic n¼178 n¼1717

Altered mental status at
presentation

70 (39.3) 465 (27.1) 1.7

Coma at presentation 19 (10.7) 28 (1.6) 5.3
Wasting at presentation 4 (2.2) 4 (0.2) 11.8
No AF Txd vs. any AF Tx

during hospitalization
55 (30.9) 65 (3.8) 8.8

Visual changes at presentation 24 (13.5) 376 (21.9) 0.8
Headache at presentation 118 (66.3) 1483 (86.4) 0.6
Employed in a mining job 6 (3.4) 225 (13.1) 0.4

aOR – odds ratio, the odds of dying within 2 days of admission as compare
without the characteristic of interest.
bOR – odds ratio,: the odds of dying after 2 days of admission as compared
without the characteristic of interest.
c95% CI, 95% confidence interval.
dAF Tx, antifungal treatment.
eNot significant at 0.05.
admission numbered 178, and 529 deaths occurred after
day two of admission, while 1717 patients were
discharged or transferred. Table 3 lists odds ratios and
95% confidence intervals for the final multivariable
model. Patients presenting with altered mental status,
coma or wasting were more likely to die, both within the
group that died before two calendar days of admission and
within the group that died more than two calendar days
after admission. Patients who were employed in the
mining industry or who presented with visual changes or
headache were less likely to die, both within the group
that died before two calendar days and within the group
that died after more than two calendar days. No particular
factor could be identified that was significantly associated
with death or protective for death before 2 days that was
not also significantly associated with death or protective
for death after 2 days. Reassuringly, receipt of any
antifungal therapy was protective for death although this
association was not significant for the group that died after
more than 2 days.
Discussion

These results provide a comprehensive description of
the epidemiology of cryptococcosis in Gauteng, and the
opportunity to generate population-based data that are
rarely available from African countries with high HIV
prevalence. They also reveal the high mortality associated
with this disease and highlight important aspects of the
healthcare of HIV seropositive patients that can
be improved.
orized reproduction of this article is prohibited.

persons hospitalized with cryptococcosis during population-based
004 (n U 2424).

f admission Comparison: death after 2 days of admission
with those who survived

ORa

(95%CI)c

No. died
beyond

2 days of
admission

(%)
No. survived

(%) ORb

(95%CI)cn¼529 n¼1717

(1.2–2.4) 241 (45.6) 465 (27.1) 2.0 (1.6–2.4)

(2.7–�10.5) 33 (6.2) 28 (1.6) 3.7 (2.1–6.3)
(2.7–50.6) 6 (1.1) 4 (0.2) 4.4 (1.2–16.6)
(5.7–13.5) 34 (6.4) 65 (3.8) 1.4 (0.9–2.2e)

(0.5–1.2e) 77 (14.6) 376 (21.9) 0.7 (0.5–0.9)
(0.4–0.8) 391 (73.9) 1483 (86.4) 0.6 (0.5–0.8)
(0.2–0.8) 20 (3.8) 225 (13.1) 0.3 (0.2–0.5)

d to surviving, for those with the characteristic of interest versus those

to surviving, for those with the characteristic of interest versus those
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The incidence of cryptococcosis in the general popu-
lation of Gauteng, South Africa in this study (15/100 000
population) was greater than that reported from pre-
HAART studies in countries from which population-
based or national data have been published; namely the
USA, (1.8–6.7/100 000 population [20,21] and France
[22]. This high incidence reflects high HIV-seropreva-
lence in South Africa [17]. However, the incidence of
cryptococcosis among Gauteng residents with AIDS (14/
1000) was lower than that reported from pre-HAART
USA (17–66/1000 [20]), and France (35/1000 [21]).
Although we used an estimated denominator obtained
from the mathematical model of the Actuarial Society of
Southern Africa for the numbers of persons living with
AIDS [17], we believe these rates underestimate the true
incidence of cryptococcosis in Gauteng due to multiple
factors: First, in the absence of an antiretroviral therapy,
clinicians may not pursue a diagnosis aggressively in
patients who present with ‘end stage’ AIDS, but choose to
apply palliative or ‘home-based’ care [23]. Both doctors
and patients may believe the prognosis of their advanced
HIV condition to be very poor, and the latter may go to
their traditional homes outside Gauteng where many die
[23]. Second, since the overwhelming majority of patients
in this study presented with meningitis, it is likely that
non-meningeal presentations of cryptococcosis are
missed. In the pre-HAART population-based series
from the USA [20], France [21] and Northern Territory
of Australia [24], larger proportions of patients with extra-
meningeal presentations were described (only 60, 78 and
65% respectively presented with meningitis). Third,
environmental exposure to pathogenic cryptococci in
Gauteng is likely to be more frequent than in USA and
France, as the rate of cryptococcosis amongst HIV-
infected Gauteng children appears high, even though
paediatric cryptococcosis is recognized to be uncommon
[21,25,26].

Regarding laboratory diagnostics, the India ink test
proved to have excellent sensitivity for cryptococcal
meningitis, contrary to experience in the northern
hemisphere where its sensitivity has ranged from 25–50%
[27,28]. This may be a function of the late presentation of
the patients, a higher central nervous system burden of
organisms in a population of incident untreated cases,
failure of laboratories to culture cryptococci when the
India ink test is negative (the diagnosis is missed) or
greater experience of laboratory technologists in this
setting where cryptococcosis is relatively common.

During this surveillance, 2.6% of cases with an isolate
available had infection with C. gattii (19/46 were serotype
B, 22/46 were serotype C). This represents the largest
case series of C. gattii infection from the African
continent, and the largest case series of C. gattii cases
in AIDS patients in the world [29–32]. These findings
together with those of Litvintseva et al. [31] who found 24
serotype C C. gattii isolates amongst 176 (13.6%) clinical
pyright © Lippincott Williams & Wilkins. Unauthor
strains collected in sub-Saharan Africa (Botswana and
Malawi) suggest that serotype C has a wider distribution
and a greater prevalence in AIDS patients than
previously thought.

The high hospital mortality of cryptococcosis observed in
this series (27%) may be related to the late presentation of
patients for healthcare, possibly augmented by inadequate
initial medical management of some cases. This is
supported by our findings of high proportions of patients
with coma (24%), advanced systemic illness manifested
as wasting (29%), and patients who did not receive
antifungal medication (36%) dying within the first 2 days
of the hospital admission. Employment in the mining
industry in Gauteng possibly allows for better access to
medical care, leading to earlier diagnosis and better
outcome of cryptococcal infection. Patients presenting
with visual changes or headache were less likely to die in
hospital; it is possible that these symptoms are present in
early disease, facilitating early diagnosis and management.
As our study was not designed to assess predictors of
hospital mortality, we were unable to make valid
comparisons of outcome between groups receiving
amphotericin B or fluconazole. However within the
first 2 days, provision of any antifungal treatment was
protective against hospital death. This association was not
significant for those that died in hospital after 2 days; in
this antiretroviral-naive population, a study looking at
outcome after hospital discharge would be better placed
to comment on efficacy of antifungal therapy.

Recently, patients with cryptococcosis who are sub-
sequently treated with HAART were found to be at risk
for immune reconstitution inflammatory syndrome
(IRIS), caused by unmasking of latent cryptococcosis
[33–35] or development of paradoxical reactions
resembling exacerbations of the primary infection [36].
IRIS due to cryptococcosis is described as a major cause
of early mortality in a South African antiretroviral
programme [37] both as incident and recurrent disease in
patients who commence antiretroviral therapy. There-
fore, physicians treating patients with AIDS in South
Africa may need to consider CSF analysis on patients
with a history of cryptococcosis, or screening serum with
cryptococcal antigen prior to initiation of HAART to
identify patients at risk for IRIS.

Other findings from this study highlight gaps still present
in the care of HIV-infected South African patients. The
large proportion of patients for whom cryptococcosis was
the HIV-presenting illness implies that voluntary coun-
seling and testing programmes [6] did not reach sufficient
individuals in Gauteng during the study period. Almost
half of those cryptococcosis patients who knew themselves
to be HIV seropositive on admission for incident
cryptococcosis already had AIDS before their presentation:
this group may have benefited from fluconazole primary
prophylaxis, which is an evidence-based intervention [38]
ized reproduction of this article is prohibited.
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Fig. 2. Death rates attributable to HIV/AIDS in Gauteng,
2000 [4,5] and age-adjusted incidence of cryptococcosis
(CC) in Gauteng, 2002–2004. Vertical bars, death rate due
to AIDS; line graph, incidence of CC.
and a cost-effective approach that is used routinely in
Thailand where fluconazole is available cheaply [39]. The
large number of patients who died or were discharged not
having been offered an HIV test or who were discharged
without trimethoprim–sulphamethoxazole prophylaxis,
suggests that the testing and care opportunity afforded by
the admission for cryptococcosis were lost.

In South Africa neither AIDS nor HIV are notifiable
conditions. Figure 2 illustrates the remarkable concor-
dance in the adult population of the age-adjusted rates of
cryptococcosis with estimated mortality due to AIDS
during the same period. Cryptococcosis, as an oppor-
tunistic infection in HIV/AIDS, is preventable as
witnessed by the enormous decline in rates amongst
AIDS patients in the post-HAART era [40–42]. A
decline in cryptococcosis rates in South Africa in years to
come may imply a decreased mortality due to AIDS.
National surveillance for cryptococcosis in South Africa
was started in January 2005 by the Group for Enteric,
Respiratory and Meningitis pathogens of South Africa
(GERMS-SA) and will provide an objective assessment of
the impact of antiretroviral therapy on AIDS in South
Africa. The results of these and surveillance activities for
other opportunistic infections may guide development of
more adequate prevention strategies resulting in
improved quality of life of HIV-infected persons.
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