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Abstract
Background: The global annual estimate for cryptococcal disease-related deaths exceeds 180,000, with three fourth
occurring in sub-Saharan Africa. The World Health Organization (WHO) recommends cryptococcal antigen (CrAg)
screening in all HIV patients with CD4 count < 100/μl. As there is no previous published study on the burden and
impact of cryptococcal disease in Sierra Leone, research is needed to inform public health policies. We aimed to
establish the seroprevalence and mortality of cryptococcal disease in adults with advanced HIV attending an urban
tertiary hospital in Sierra Leone.
Methods: A prospective cohort study design was used to screen consecutive adult (18 years or older) HIV patients
at Connaught Hospital in Freetown, Sierra Leone with CD4 count below 100 cells/mm3 from January to April 2018.
Participants received a blood CrAg lateral flow assay (IMMY, Oklahoma, USA). All participants with a positive serum
CrAg had lumbar puncture and cerebrospinal fluid (CSF) CrAg assay, and those with cryptococcal diseases had
fluconazole monotherapy with 8 weeks followed up. Data were entered into Excel and analysed in Stata version
13.0. Proportions, median and interquartile ranges were used to summarise the data. Fisher’s exact test was used to
compare categorical variables.
Results: A total of 170 patients, with median age of 36 (IQR 30–43) and median CD4 count of 45 cells/mm3 (IQR
23–63) were screened. At the time of enrolment, 54% were inpatients, 51% were newly diagnosed with HIV, and
56% were either ART-naïve or newly initiated (≤ 30 days). Eight participants had a positive blood CrAg, giving a
prevalence of 4.7% (95% CI: 2.4–9.2%). Of those with a positive CrAg, CSF CrAg was positive in five (62.5%). Five
(62.5%) CrAg-positive participants died within the first month, while the remaining three were alive and established
on ART at 8 weeks.
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Conclusion: A substantial prevalence of cryptococcal antigenaemia and poor outcome of cryptococcal disease
were demonstrated in our study. The high mortality suggests a need for the HIV programme to formulate and
implement policies on screening and pre-emptive fluconazole therapy for all adults with advanced HIV in Sierra
Leone, and advocate for affordable access to effective antifungal therapies.
Keywords: HIV/Cryptococcal antigenaemia/ART/newly diagnosed,

Background
Disseminated cryptococcal disease, most commonly
manifesting as cryptococcal meningitis, is a serious opportunistic infection in people with advanced HIV infection. Globally it is estimated to kill over 180,000 people
per year, with 75% of deaths occurring in sub-Saharan
Africa [1]. Mortality of cryptococcal meningitis in lowincome countries may exceed 70% [1].
In addition to scaling up HIV testing and antiretroviral
therapy (ART) coverage, 2018 WHO guidelines recommend two strategies for the prevention of cryptococcal
meningitis [2]. The preferred option is screening patients
with CD4 below 100 for cryptococcal antigen (CrAg),
which has been shown to be effective and cost-effective
in a variety of low-resource settings [3], [4]. However, an
alternative strategy of fluconazole primary prophylaxis
for patients with CD4 below 100 may also be effective in
reducing cryptococcal meningitis mortality [5, 6] and is
recommended where CrAg screening is not available [2].
Sierra Leone has an estimated HIV prevalence of 1.5%
[7]. Despite recent ART scale-up there continues to be a
significant burden of undiagnosed infection, treatment
failure, and advanced disease. There is a significant human
resource for health gap [8] and the majority of HIV care is
nurse-led. The only available treatment for cryptococcal
meningitis is fluconazole monotherapy, which is known to
be associated with inferior outcomes compared to highly
recommended antifungal regimens [9].
There is no previous published study of the prevalence
of cryptococcal disease and related mortality in Sierra
Leone, or the prevalence of cryptococcal antigen in people
living with HIV (PLHIV). We, therefore, performed a
cross-sectional study to analyse a pilot programme of
cryptococcal antigen screening in inpatients and outpatients PLHIVs with CD4 cell count< 100/μl at an urban
referral hospital in Sierra Leone. We aimed to establish
the prevalence of cryptococcal antigenaemia and diseases
and to assess cryptococcal disease-related mortality in
people living with HIV in this setting.
Methods
Study setting and design

This was a prospective cohort study based in Sierra
Leone’s tertiary adult referral hospital in Freetown. This
acts as the central hub for HIV care in Sierra Leone, as

well as a referral site for other patients nationwide. The
HIV clinic serves approximately 4000 patients.
Participant selection

Participants were recruited sequentially over 16 weeks
from January to April 2018. Participants were recruited
from the CD4 laboratory based in the HIV clinic, with
all patients aged 18 years or older with a CD4 less than
100 cells/mm3 eligible for inclusion. This included inpatients and outpatients, and both newly diagnosed patients and those having CD4 cell count measured for
disease monitoring or investigation of suspected opportunistic infections. Exclusion criteria were those under
18, patients with confirmed previous cryptococcal disease, and those who declined consent.
Screening procedure

All participants with positive cryptococcal antigen were
reviewed by a doctor, had a lumbar puncture unless contraindicated, and followed up for survival for a minimum
of 8 weeks. Participants with asymptomatic cryptococcal
antigenemia were treated with oral fluconazole monotherapy @ a dose of 800 mg daily for 2 weeks followed
by 400 mg daily for 8 weeks and then 200 mg daily longterm (for at least 1 year, until CD4 > 200.) ART initiation
was deferred to 2 weeks. Participants with cryptococcal
meningitis were treated with fluconazole monotherapy
according to national policy; oral/intravenous fluconazole monotherapy @ 1200 mg daily for 2 weeks, followed
by an oral dose of 800 mg daily for 8 weeks and then
continued on 200 mg daily for at least 1 year until CD4
count> 200/mm3. ART initiation was deferred at 4–6
weeks.
At the time of study initiation, this regimen was listed
as an acceptable, though not a preferred regimen in the
WHO guidelines, and is the only treatment available for
cryptococcal meningitis in Sierra Leone.
Clinical procedure

Demographic and clinical information was collected
from participants using a standardised data collection
form by a trained research nurse and cross-checked with
clinical records. CrAg-positive patients were followed up
by medical and nursing members of the research team,
but responsibility for patient management was with the

Lakoh et al. BMC Infectious Diseases

(2020) 20:141

admitting medical consultant (inpatients) and HIV clinic
staff (outpatients).
Vital status was confirmed by review or discussion
with the participant or a relative by telephone (where
consent was given). A post-mortem was not available,
and it was therefore not possible to definitively confirm
the cause of death; this was based on the clinical impression of the medical team.
Laboratory procedures

CD4 was measured using a point-of-care PIMA analyser
using whole blood from fingerpick or EDTA samples.
Whole blood CrAg was measured using a commercially
available Lateral Flow Assay (IMMY, Oklahoma, USA);
quantitative measurement was not performed.
As a minimum, all patients had a CSF CrAg test, and
measurement of opening pressure using sterile intravenous giving sets, or approximation using CSF drip rates
(manometers not available) [10]. Other CSF analysis
depended on the availability of tests; where formal laboratory testing was not available, some CSF parameters were
approximated using urine dipstick testing of CSF [11].
Sample size

The study was intended to follow the duration of a 16week screening pilot. If the prevalence of cryptococcal
antigen is 10% (similar to studies in Nigeria, the nearest
geographical data), the sample size for 95% confidence
and 5% accuracy was 138 patients. In 16 weeks, it was estimated that 160 patients would attend with CD4 < 100.
Statistical analysis

Data were entered into Excel and analysed in Stata version 13.0(College Station, Texas, USA: StataCorp LP).
Data were summarised using proportions (categorical
data) and median and interquartile ranges (non-parametric continuous data). Fisher’s exact test was used to
compare categorical variables.
Ethical issues

This was an observational study in the context of the
implementation of a WHO-recommended intervention
(cryptococcal antigen screening). When patients had the
capacity, informed written consent was sought for completion of a questionnaire and examination, and the use
of anonymised clinical and demographic data. For all patients, the consent form was explained verbally in their
local languages. Where patients were illiterate, the study
and the consent form content were explained to them
verbally and they indicated consent through a witnessed
fingerprint. Patients who declined consent were still eligible for CrAg testing, but their data was not included in
the analysis.
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Some eligible participants lacked capacity as a result of
suspected neurological opportunistic infections. The inclusion of this group was important in understanding
the prevalence of cryptococcal infection in the study
population. It was not felt ethical to seek consent from a
representative as this would have involved the disclosure
of HIV status; less than a third of people living with HIV
in Sierra Leone have disclosed their status to adult relatives and levels of stigma are extremely high [12]. As
study procedures posed minimal risk to participants,
anonymised data from patients who were unable to consent were therefore also included. Consent was sought
retrospectively from participants who regained capacity.
All participants were free to withdraw at any time, and
data were stored confidentially and anonymously.
All study protocols were approved by the Sierra Leone
Ethics and Scientific Review Committee.

Results
In total, 170 participants were screened (Table 1). 59% were
female, with a median age of 36 years (IQR 30–43). At the
time of testing, 54% were inpatients. 51% were newly diagnosed with HIV (defined as diagnosed with HIV less than
90 days prior to enrolment), and 56% were ART-naïve or
had been newly initiated on ART (within the past 30 days),
whereas 44% were ART-experienced. The median CD4 cell
count was 45 cells/mm3 (IQR 23–63).
Eight participants were CrAg positive, giving a prevalence of 4.7% (95% confidence interval 2.4–9.2). While
this study was not powered to look at predictors of CrAg
positivity, there were no significant predictors of antigenaemia, although there was a trend towards a higher
prevalence amongst inpatients of 6.6% (95% CI 2.9–14.1)
vs 1.8% in outpatients (95% CI 0.6–9.8) (p = 0.287).
Of the eight participants who were CrAg positive,
seven (87.5%) were female, with a median age of 35
(IQR 27.5–37) (Table 2). Six (75%) were inpatients at
the time of diagnosis, and six (75%) were newly HIVdiagnosed and ART-naïve. The remaining two participants were taking ART at the time of CD4 testing (viral
load results unavailable). On review by a clinician, seven
(87.5%) had a history of at least one of headache, confusion or decreased conscious level (75, 50, and 50% respectively). Four (50%) had features of meningitis on
examination. All eight participants underwent a lumbar
puncture. Four (50%) had a CSF opening pressure
greater than 20cmCSF, and five (62.5%) had a positive
CSF CrAg.
The three participants with cryptococcal antigenaemia
and a negative CSF CrAg were treated with oral fluconazole. CSF fungal cultures or polymerase chain reaction
(PCR) were not performed as facilities for these techniques are not locally available. Two (67%) died as hospital inpatients at 0- and 1-days post-CrAg; both were

Lakoh et al. BMC Infectious Diseases

(2020) 20:141

Page 4 of 7

Table 1 Prevalence of cryptococcal antigenaemia (CrAg) by demographic and clinical characteristics
Total number tested for
CrAg (% of total)

Number CrAg positive

Prevalence of CrAg % (95%CI)

170

8

4.7 (2.4–9.2)

Male

69 (40.6)

1

1.4 (0.2–10.0)

Female

101 (59.4)

7

6.9 (3.3–14.0)

Total
Sex

0.144

Age (years)

1.000

< 35

64 (37.6)

3

4.7 (1.5–13.9)

≥35

106 (62.4)

5

4.7 (1.9–11.0)

Outpatient

79 (46.5)

2

2.5 (0.6–9.8)

Inpatient

91 (53.5)

6

6.6 (2.9–14.1)

Admission status

0.287

CD4 (cells/mm3)

1.000

< 50

96 (56.5)

5

5.2 (0.7–9.7)

≥ 50

74 (43.5)

3

4.1 (0.0–8.7)

< 90 “newly diagnosed”

86 (50.6)

6

7.0 (3.1–14.9)

≥ 90

84 (49.4)

2

2.4 (0.6–9.5)

Time since HIV diagnosis (days)

0.278

Previous antiretroviral therapy (ART)a
ART naïve or newly-initiated

0.468

91 (56.2)

6

6.6 (2.9–14.1)

71 (43.8)

2

2.8 (0.7–10.9)

Yes

43 (26.9)

2

4.7 (1.1–17.6)

No

117 (73.1)

6

5.1 (2.3–11.1)

ART experienced
On ART at time of recruitmenta

a

P-value (Fisher’s exact)

1.000

It was not possible to determine ART history for 8 participants (4.7%), or current ART status for 10 participants (5.9%); all of these were CrAg negative

confirmed as TB coinfected and neither participant was
the cause of death felt clinically to be cryptococcal
disease. The remaining participant was alive and established on ART at 8 weeks of follow-up. All five participants with cryptococcal meningitis were treated with
high-dose fluconazole, and all received at least two
therapeutic lumbar punctures. Three (60%) died at 3, 5
and 20 days after CrAg testing. Two (40%) were alive
and established on ART at 8 weeks of follow-up.

Discussion
Our study has demonstrated a prevalence of 4.7% (95%
confidence interval 2.4–9.2) of cryptococcal infection
among people with advanced HIV in a large tertiary hospital in Sierra Leone. To our knowledge, this is the first
assessment of cryptococcal antigenaemia and cryptococcal disease-related mortality in this setting. This
prevalence exceeds the previously recommended WHO
threshold for the institution of routine screening for
cryptococcal diseases [13]. In other published studies
from West Africa, CrAg seroprevalence in PLHIV with
CD4 < 100 cells/mm3 ranges from 2 to 21% [14–18].
However, heterogeneity between study populations (for

example, whether they include only newly-diagnosed
ART-naïve individuals, and/or only outpatients) and
evidence of regional variation [17] prohibits direct
comparison.
It was feasible to conduct CrAg screening in this setting. Currently, there is no national policy on diagnosis,
management and prevention of cryptococcal disease in
Sierra Leone, but 2018 WHO guideline on cryptococcal
diseases strongly recommends CrAg screening for adults
and adolescents with CD4 cell count < 100 cells/mm3
[2]. This intervention has been shown to be costeffective and effective in reducing cryptococcal-related
mortality [4, 19], and it is hoped that this evidence will
contribute to wider adoption in Sierra Leone.
The overall mortality among CrAg positive participants within 8 weeks of follow up was 62.5%. Sadly, this
is comparable to other studies from the region [14] and
to the overall estimate of 70% one-year mortality for
people in LMICs with cryptococcal meningitis [1]. One
contributor to the high mortality in our study is likely to
be the use of fluconazole monotherapy in the treatment
of cryptococcal meningitis. At the time of study initiation, this was still listed as an alternative treatment by

23

7

ART-naïve

Yes (headache,
Yes (headache, confusion,
confusion, nausea) drowsy)

Yes

15

Yes

Raised

Positive

Cryptococcal
meningitis

CD4

Time since HIV
diagnosis (days)

Antiretroviral therapy
(ART) history

Neurological symptoms
at enrolment

Meningitic at enrolment

Glasgow Coma Score
at enrolment

Lumbar puncture (LP)
performed

Opening pressure

Cerebrospinal fluid CrAg

Diagnosis

Female

Cryptococcal
meningitis

Clinical cause of death

Cryptococcal meningitis

5

Died

Died

3

Time of outcome (days
after enrolment)

3

Cryptococcal meningitis

Positive

Normal

Yes

14

Yes

Number of additional
2
therapeutic LPs performed

Outcome

0

74

Inpatient

Male

26–35

3

TB, suspected TB
meningitis

1

Died

0

5

4

55

Inpatient

Female

26–35

Negative

Normal

Yes

15

No

No

Sudden death, cause
unknown. Sputum
Xpert MTB-RIF positive.

0

Died

0

ART-naïve

0

28

Outpatient

Female

18–25

6

NA

Alive

8

Cryptococcal
meningitis

Positive

Raised

Yes

15

No

7

NA

Alive

0

ART-naïve

14

15

Outpatient

Female

46–55

8

Positive

Raised

Yes

13

Yes

Cryptococcal
meningitis, sepsis

20

Died

2

NA

Alive

2

Sub-clinical
cryptococcal meningitis

Positive

Normal

Yes

15

No

Yes (headache,
Yes (mild headache)
confusion, decreased
conscious level,
nausea)

ART-naïve

5

0

Inpatient

Female

36–45

Cryptococcal Cryptococcal
antigenaemia meningitis

Negative

Normal

Yes

15

No

Yes (headache, Yes (mild
diplopia due to headache)
6th nerve palsy)

Current ART (tenofovir + ART-naïve
lamivudine + efavirenz)
duration 97 days

234

12

Inpatient

Female

18–25

4

Cryptococcal
Cryptococcal
antigenaemia; suspected antigenaemia
TB meningitis

Negative (repeated;
India Ink also negative)

Raised

Yes

10

Yes

Yes (confusion,
decreased conscious
level)

Current ART
ART-naïve
(tenofovir + lamivudine+
efavirenz) duration 194 days

194

56

Inpatient

Female

Inpatient

26–35

2

Admission status at
enrolment

36–45

Age

Sex

1

Identifier

Table 2 Characteristics and outcomes of participants with positive blood cryptococcal antigen (CrAg)
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the WHO guidelines but is no longer recommended for
the treatment of cryptococcal meningitis given the
abundance of evidence for superior antifungal regimens [2, 20]. Despite the new WHO recommendation
of dual antifungal therapy as an induction regimen
for cryptoccocal meningitis [2], fluconazole remains
the only available treatment for cryptococcal disease
in Sierra Leone. We, therefore, add our voices to
those advocating for effective treatments for cryptococcal disease to be made more accessible to PLHIV
in low-income countries [21]. Routinely screening patients with advanced HIV disease for CrAg as part of
their pre-ART interventions and the provision of appropriate dual antifungal regimen should be instituted
in Sierra Leone and similar countries to prevent the
unwarranted morbidity and mortality [2, 22].
Given that several of the deceased participants were
felt clinically to have a cause of death other than cryptococcal disease, it is important to deliver a “package” of
care to those with advanced HIV (CD4 cell count < 200
cells/mm3) [23] which includes CrAg screening and
other aspects including tuberculosis screening and prevention, and rapid ART initiation. Sierra Leone has
recently operationalised a differentiated HIV service delivery guide which includes provisions directed towards
people with advanced HIV.
Additional measures are also needed to reduce cryptococcal mortality in Sierra Leone. In a recent study, 21% of
people with newly-diagnosed HIV in Freetown had a CD4
cell count below 100 cells/mm3, suggesting a need for
earlier HIV testing, particularly given the limited resources
for managing opportunistic infections [24]. Similar to
other studies in sub-Saharan Africa [25], a significant
proportion of participants in this study were ARTexperienced, either with presumed treatment failure, poor
adherence, or loss from care. This calls for prudent programmatic activities to improve treatment adherence.
Many studies of cryptococcosis prevention exclusively
focus on ART-naïve populations, but our finding that two
(25%) of those with cryptococcal antigenaemia were ARTexperienced suggests that CrAg screening should not be
restricted to newly diagnosed HIV. PLHIV with virologic
or immunologic treatment failure and those with symptoms who report after treatment interruptions should be
considered for routine CrAg screening if their CD4 cell
count is < 200 cells/mm3.
Our study has several limitations. First, as a single-site
study in a tertiary hospital, it may not be representative
of Sierra Leone with respect to both patient characteristics and feasibility of implementing screening. Secondly,
54% of participants were inpatients and those who presented with neurological symptoms were not excluded.
Therefore, they may not truly represent the impact of a
screening programme (ideally targeting asymptomatic
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outpatients.) However, this study was conducted in the
context of implementation of a reflexive CrAg testing
programme, and the study population does reflect those
tested for CD4 cell count at the centre. Lack of fungal
cultures and other diagnostic tests did not make it possible to confirm diagnoses of cryptococcosis or meningitis; nor was it possible to definitively establish the cause
of death in deceased CrAg-positive participants.

Conclusion
Our study demonstrated a significant burden of cryptococcal disease at Connaught Hospital in Sierra Leone.
We recommend for the national HIV programme and
its partners to formulate and implement policies on
screening and pre-emptive fluconazole therapy for
cryptococcal diseases as part of a package of differentiated care for people with advanced HIV, in conjunction
with programmatic strategies to improve HIV diagnosis
and virological suppression. Affordable access to adequate antifungal regimens is required to improve outcomes for cryptococcal disease in sub-Saharan Africa.
Finally, antiretroviral treatment interruptions among
the cohort of patients in this study are high. In order to
prevent this, appropriate psychosocial counselling techniques and other programmatic strategies are needed.
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