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Background: Cryptococcal meningitis (CM) is a major cause of AIDS-related mortality
in Africa. Detection of serum cryptococcal antigen (CrAg) predicts development of
CM in antiretroviral (ART) naïve HIV-infected patients with severe immune depression.
Systematic pre-ART CrAg screening and pre-emptive oral fluconazole is thus
recommended. We postulated that a semi-quantitative CrAg screening approach could
offer clinically relevant advantages.
Methods: ART-naïve asymptomatic adult outpatients with <100 CD4 cells/mm3

presenting to the Yaoundé Central Hospital, Cameroon were screened for CrAg using
the IMMY lateral flow assay (LFA). CrAg positive patients were consented for lumbar
puncture and those with proven CM were treated with combination antifungal therapy
and those with no CM were offered long-term oral fluconazole. Simultaneous on-
site evaluation of CrAg detection using the new LFA Biosynex R© CryptoPS test was
performed and both tests were subsequently compared to a reference commercialized
CrAg enzyme immunoassay (EIA).
Results: Prevalence of serum CrAg in 186 screened adults was 7.5% (95%CI: 4.5–
12.4). In CrAg positive patients, CM prevalence was 45.5% (95%CI: 18.3–75.7). IMMY
and Biosynex CryptoPS strongly agreed in serum, plasma, and cerebrospinal fluid
(Kappa: 98.4, 99.5, 100%, respectively, p < 0.001), and disagreed in urine (29 isolated
positive CrAg in urine with IMMY, none with Biosynex and none of whom had proven
CM). Compared to EIA, serum specificities were 96.6 and 98.3%, respectively. With
Biosynex CryptoPS, all CM patients were serum T2-band positive compared to none
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without CM. Median EIA reciprocal titre was 160 (IQR: 13.5–718.8) and titres >160
strongly correlated with proven CM and Biosynex CryptoPS T2-band positivity. During
the 1-year follow up period, there was no incident case of CM among screened patients
and overall incidence of all-cause mortality was 31.5 per 100 person-years-at-risk
(95%CI: 23.0–43.1).
Conclusion: HIV-associated asymptomatic cryptococcosis is common in Cameroon,
warranting integrated systematic screening and treatment. Biosynex CryptoPS holds
promise, at point of care, for rapidly stratifying CrAg positive patients for optimal
management including lumbar puncture and combination antifungal therapy when
needed.
Summary findings: Prevalence of CrAg and meningitis (CM) is high in Cameroon.
Biosynex CryptoPS is comparable to IMMY LFA in CrAg screening. Its T2-band
correlates with high antigen titres and CM, thus promising for identifying patients
requiring effective induction therapy.
Note: This study was presented in part at the 10th International Conference on
Cryptococcus and Cryptococcosis (ICCC) in Iguazu in Brazil from 26 to 30th March
2017 and won a prize oral presentation.

Keywords: cryptococcosis, cryptococcal antigen, screening, point of care, lateral flow assay

INTRODUCTION

Cryptococcal meningitis (CM) is a major cause of morbidity and
mortality among patients with advanced HIV infection especially
in resource limited settings. Cryptococcosis is responsible for
up to 15% of AIDS related mortality of which 75% is in Sub-
Saharan Africa (Rajasingham et al., 2017). Global estimates
suggest that CM represents the leading cause of adult meningitis
worldwide and the second cause of death after tuberculosis
(French et al., 2002; Liechty et al., 2007). Though existing
evidence of an association between antiretroviral therapy (ART)
program implementation and decreased CM incidence (Mirza
et al., 2003; Dromer et al., 2004), in spite of efforts to scale up
ART coverage, at least 20% of patients still present to ART care
with <100 CD4 cells/ml (Siedner et al., 2015). More so, in the
African setting (Rajasingham et al., 2017), in the latter patients
with detectable untreated blood cryptococcal antigen (CrAg),
about 25% subsequently develop CM within the first year of ART
compared to as few as no cases in CrAg negatives (Jarvis et al.,
2009).

In this setting, two strategies to reduce the incidence of
CM have been suggested. Universal fluconazole-based primary
prophylaxis, which resulted in decreased CM incidence, but had
no impact on overall mortality and thus not widely adopted
(Chang et al., 2005; Parkes-Ratanshi et al., 2011). The second
strategy consisted of pre-ART systematic screening for CrAg in
blood in profoundly immune depressed patients followed by pre-
emptive administration of fluconazole to CrAg positive patients
(Micol et al., 2007; Jarvis et al., 2012). The latter was endorsed by
2011 World Health Organization (WHO) rapid advice (World
Health Organization, 2011) which recommended screening
either with latex agglutination (LA) test or the Food and
Drug Administration (FDA)-approved lateral flow assay (LFA)

point of care (POC) immunochromatographic test (IMMY R©

diagnostics, Norman, OK, United States) (Rajasingham et al.,
2012; IMMY, 2017). This approach which has shown survival
benefits when coupled with enhanced adherence to ART (Meya
et al., 2010; Letang et al., 2015; Mfinanga et al., 2015; Rajasingham
et al., 2017), is cost-effective (Meya et al., 2010; Micol et al.,
2010; Jarvis et al., 2013; Smith et al., 2013) and has been
incorporated into national guidelines of many countries in the
Southern part of Africa (Rajasingham et al., 2017). Nevertheless,
Central Africa lags in adopting this strategy. Consequently,
through this prospective cohort study in Cameroon, we aimed
to determine the prevalence of CrAg in blood and asymptomatic
CM in ambulatory ART-naïve adults presenting with <100
CD4 cells/ml using IMMY LFA and the incidence of CM
during first year of ART in the context of screening. A second
objective was to assess the performances of a recently developed
semi-quantitative immunochromatographic POC test (Biosynex
CryptoPS, BIOSYNEX R© diagnostics, Strasbourg, France), capable
of identifying participants with high CrAg titres, a surrogate of
prevalent CM. We ultimately compared the performances of both
POC tests to those of the commercialized enzyme immunoassay
(EIA), the Premier R© CrAg (Meridian Bioscience, Inc., Newtown,
OH, United States), considered in here as the reference standard.

MATERIALS AND METHODS

Study Setting
This study was carried out at the Day Hospital of the Yaoundé
Central Hospital in Cameroon where the French National Agency
for Research on AIDS and Viral Hepatitis (ANRS) center is
located. This Day Hospital is a major HIV treatment center which
follows up over 9,000 patients presently on ART using updated
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national guidelines following WHO recommendations (World
Health Organization, 2016).

Study Procedure
This study was carried out in accordance with the
recommendations of the Cameroon National Ethics Committee
for Research in Human Health with written informed consent
from all included subjects. All subjects gave written informed
consent in accordance with the Declaration of Helsinki. The
protocol was approved by the Cameroon National Ethics
Committee for Research in Human Health and Administrative
Authorization for research was also obtained from the Cameroon
Ministry of Public Health. HIV-infected, ART naïve ambulatory
adults (>18 years) presenting with <100 CD4 cells/ml between
July 2015 and March 2017 with no history of cryptococcal
meningitis, were included. A standardized questionnaire was
used to anonymously record baseline sociodemographic data as
well as current symptoms at each visit.

On inclusion, participants were checked for symptoms
evocative of CM, and those with recent history of altered
mental status or febrile seizures were excluded. In the absence
of symptoms, specimens (blood and urine) were collected for
same day CrAg screening. CrAg screening was performed in
all patients on fresh serum and urine samples using the IMMY
LFA (IMMY, 2017) according to manufacturer’s procedure.
In addition, all samples were tested and interpreted using a

newly developed LFA-based immunochromatographic test called
Biosynex CryptoPS without prior knowledge of the results
obtained with the IMMY LFA test (Figure 1). Additionally,
plasma samples obtained on the same day as the serum and urine
were also screened with both POC.

Briefly, Biosynex CryptoPS can detect the four serotypes of
Cryptococcus spp., and provides results within 10 min. This test
has two bands: the T1-band is qualitative and the T2-band is
semi-quantitative. The T2 band will only appear in patients with
elevated CrAg titres (Sriruttan et al., 2016).

Patients were considered CrAg positive if serum samples were
positive using the IMMY LFA test but all patients with detectable
CrAg in any fluid were consented for lumbar puncture (LP).
Freshly obtained cerebrospinal fluid (CSF) was tested with both
POC. Direct examination was performed (Indian ink staining)
and CSF was cultured on Sabouraud dextrose. Participants with
laboratory proven CM (positive India ink and/or culture) were
offered treatment within the phase III “Advancing Cryptococcal
Meningitis Treatment in Africa” (ACTA) trial (Advancing
Cryptococcal Meningitis Treatment for Africa [ACTA], 2013).

Participants with detectable CrAg but no laboratory proven
CM were placed on pre-emptive oral fluconazole: 800 mg/day for
2 weeks, then 400 mg/day for 8 weeks and 200 mg/day from week
10 till two consecutive control CD4 cell counts at month 6 and
12 were both above 200 cells/ml (World Health Organization,
2011). CrAg negative participants were immediately started on

FIGURE 1 | Study procedure: identification, inclusion and screening of participants.
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ART without fluconazole, while those on fluconazole and those
treated for CM, had ART deferred by 2 and 4 weeks, respectively.

Follow up visits were every 2 weeks for the first 10 weeks,
then every 3 months for 1 year. At each visit, symptoms of
CM were carefully searched and if clinical suspicion, LP was
performed. ART adherence evaluation and support through
counseling and medication dispensation were also done. In case
of missed appointments, participants or closed family members
were followed-up by phone and verbal autopsies conducted for
participants who died.

To assess the performances of the LFA tests, we chose the EIA
Premier R© CrAg test (Meridian Bioscience, Inc., Newtown, OH,
United States) as reference standard. Aliquots of the 186 serum
samples stored at −80◦C at the Centre Pasteur du Cameroun
were subsequently transported frozen under rigorous conditions
to France for CrAg testing using EIA Premier R© according to
manufacturer’s procedure. For all EIA CrAg positive specimens,
CrAg titre determination was performed by EIA and with both
POC test (with Biosynex CryptoPS, both T1 and T2 titres were
determined). Results were expressed as reciprocal titre.

Statistical Analysis
Data were analyzed using STATA 13.0 software (StataCorp,
College Station, TX, United States). Results of CrAg screening
in the population were expressed as percentages (with their 95%
confidence interval [CI]). Categorical variables were compared
using Pearson’s Chi-square or Fischer’s exact test as required.
Continuous variables were reported as means (and standard
deviation [SD]) or median (and interquartile range [IQR])
as required. Student t-test or Wilcoxon rank sum test were,
respectively, used to compare means or medians as required.

Agreement between IMMY and Biosynex CryptoPS tests in
classifying study participants as positive or negative in each
specimen type with Indian ink staining or culture of CSF were
appraised using Kappa statistics and reported as percentages.

With reference to EIA, two-by-two tables were used to
estimate sensitivity and specificity of both POC and reported as
percentages with their 95%CI.

Cox proportional hazard ratios (HR) and Kaplan–Meier
curves were used to compare survival differences during the
first year following CrAg screening. In the multivariate analysis,
mortality-associated factors with p-value <0.1 in the univariate
analysis were included in the final model and reported as adjusted
hazard ratios (aHR) with their 95%CI. Evidence against the null
hypothesis was considered for a two-tailed p-value of <0.05.

RESULTS

Prevalence of Latent Cryptococcosis and
CM Based on Screening Using IMMY LFA
Between July 2015 and March 2017, 186 patients were screened
for CrAg. Mean age was 38.2 years (SD: 10.0) and 67.7%
(126/186) were women. Median body mass index was 21.0 kg/m2

(IQR: 18.8–23.2) and median CD4 T-cells was 44 cells/ml (IQR:
27–75) with no difference between those CrAg positive and
negative (Table 1).

TABLE 1 | Baseline characteristics of study population (n = 186) categorized by
serum cryptococcal antigen (CrAg) status using IMMY LFA.

Variables at baseline CrAg positive
(n = 14)

CrAg negative
(n = 172)

p-value

Socio-demographic

Age in years, mean (SD) 39.3 (10.5) 38.5 (10.2) 0.55

Male, n (%) 5 (35.7) 55 (32) 0.77

Clinical

History of tuberculosis,
n (%)

0 9 (5.3) 0.99

History of liver disease,
n (%)

0 5 (2.9) 0.99

Body mass index in
Kgm2, median (IQR)

20.6
(18.4–21.3)

21.0
(18.8–23.4)

0.36

Laboratory

CD4 cells/ml,
median (IQR)

44 (26–76) 48 (35–67) 0.48

Haemoglobin in g/dL,
median (IQR)

10.5 (9.6–11.3) 9.9 (8.9–11.3) 0.96

White blood
cells × 103/ml, median
(IQR)

2 (2.0–5.0) 1 (1–3) 0.05

Alanine transaminase in
IU/L, median (IQR)

32.4
(23.7–41.1)

27.6
(19.2–43.3)

0.96

Serum creatinine in
g/dL, median (IQR)

1 (0.9–1.2) 1 (0.8–1.2) 0.95

TABLE 2 | On site comparison of IMMY diagnostics lateral flow assay (LFA) and
Biosynex CryptoPS tests positivity in 186 fresh serum, plasma and urine samples,
and 23 cerebrospinal fluid (CSF) samples.

Specimen
types

IMMY LFA test
% (95% CI)

Biosynex
CryptoPS %

(95%CI)

%
agreement

(Kappa)

p-value

Serum
N = 186

7.5
(4.5–12.4)

5.9
(3.3–10.4)

98.4 0.001

Plasma
N = 186

6.5
(3.7–11.1)

5.9
(3.3–10.4)

99.5 0.001

Urine
N = 186

22.6
(17.1–29.2)

5.9
(3.3–10.4)

83.3 0.001

CSF
N = 23

17.4
(6.2–40.3)

17.4
(6.2–40.3)

100 0.001

Prevalence of serum CrAg was 7.5% (14/186) (Table 2).
Considering all screened specimens (serum/plasma, and urine),
23.1% (43/186) had detectable CrAg (Figure 2). Among the 43
patients with detectable CrAg in any site, 27 (62.8%) accepted a
LP including 11 of the 14 patients with positive serum CrAg. Four
of the 27 LPs did not yield CSF (4 patients with CrAg detection
positive in urine only) and 21/23 CSF (91.3%) were cultured (1
positive Indian ink CSF and one isolated urine CrAg were not
cultured).

Overall, CM was diagnosed in 21.7% (5/23) of patients by
means of a positive Indian ink staining (5/5), positive detection
of CrAg (4/5), and positive culture (4/4) (Table 3). Clinically,
patients with positive serum CrAg detection and CM were not
different from those without CM (Table 3). Moreover, 3/5 had
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FIGURE 2 | Venn diagram showing the prevalence of cryptococcal antigen (CrAg) in serum, plasma and urine with the IMMY LFA test in 186 HIV-infected
asymptomatic antiretroviral naïve severely immune depressed patients.

no signs suggestive of meningitis. None of the 29 patients with
isolated positive urine CrAg had CM.

Subsequent Follow-Up and Outcome in
the Study Population
All 5 patients with CM were enrolled in the ACTA trial and
all the others with detectable CrAg by IMMY LFA considered

TABLE 3 | Baseline clinical and laboratory characteristics of patients screened
serum CrAg positive using IMMY LFA and stratified by presence or absence of
cryptococcal meningitis (CM).

Variables With CM
(n = 5)

Without
CM

(n = 18)

p-value

Symptoms

Headache, n (%) 3 (60) 2 (11.8) 0.06

Fever, n (%) 1 (20) 3 (16.7) 0.99

Confusion, n (%) 1 (20) 2 (11.1) 0.54

Photophobia, n (%) 1 (20) 1 (5.6) 0.40

Clinical signs

Neck stiffness, n (%) 2 (40) 0 0.04

Kernig sign, n (%) 2 (40) 0 0.04

Brudzinski sign, n (%) 2 (40) 1 (5.6) 0.10

CSF findings at inclusion

IMMY LFA CrAg positive, n (%) 4 (80) 0 0.001

Indian ink positive, n (%) 5 (100) 0 0.001

Culture positive, n (%) 4 (80) 0 0.001

Glucose in g/L, median (IQR) 0.4
(0.4–0.5)

0.5
(0.40–0.5)

0.08

Proteins in g/L, median (IQR) 0.5
(0.4–0.8)

0.5
(0.3–0.7)

0.72

as asymptomatic cryptococcosis, were prescribed fluconazole.
Median follow-up for the study population was 323 days (IQR:
92–363), not different in serum CrAg positive and negative
patients. Median ART initiation was 3 days (IQR: 1–7) in
CrAg negative patients and 97.5% of all patients started first
line regimen containing tenofovir-lamivudine-efavirenz. Overall
adherence to ART and fluconazole was 100%. At 6 and
12 months, median CD4 cell/ml were, respectively, 208 (IQR:
129–284) and 256 (IQR: 183–315), similar in CrAg positive and
negative patients (p = 0.59). There was no incident case of
cryptococcal meningitis during the total 123.9 person-years-at-
risk (PYAR) follow-up time.

Overall, all-cause mortality was 21% (39/186) at a cumulative
incidence rate of 31.5 per 100 PYAR, occurring within a median
follow-up period of 82 days (IQR: 33–194), 71.8% (28/39) within
the first 3 months of ART. The presence of symptoms of
respiratory and gastrointestinal infections during follow-up was
significantly associated with increased mortality and remained
strongly associated with death after adjusting for other factors
in the multivariate analysis while baseline CrAg positivity was
not (Table 4). Serum CrAg positive patients were less likely to
survive than those who were CrAg negative, p = 0.09 (Figure 3).
In those with baseline confirmed CM, mortality in the first year
was 60% (3/5), with one death attributed to CM (Table 5) on day
4 of treatment.

Impact of the Test and the Specimen
Used for CrAg Screening
With Biosynex CryptoPS, looking at the T1-band results, 5.9% of
patients (11/186) were positive in serum (corresponding to 11/14
of the serum positive with IMMY LFA), 5.9% in urine (11/186,
corresponding to 11/42 of the urine positive with IMMY LFA),
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TABLE 4 | Factors associated with mortality during the first year of antiretroviral (ART) in patients screened for CrAg.

Factors Univariable analysis Multivariable analysis

HR 95% CI p-value aHR 95% CI p-value

Presence of fever 4.2 1.5–12.1 0.007 3.8 1.3–11.2 0.02

Presence of respiratory symptoms 5.2 2.5–10.8 0.001 2.6 1.0–6.3 0.04

Presence of gastrointestinal symptoms 5.4 2.6–11.1 0.001 4.2 1.8–9.7 0.001

Baseline serum CrAg positive (IMMY Diagnostics) 2.2 0.9–5.7 0.09 1.7 0.5–6.2 0.4

FIGURE 3 | Kaplan–Meier survival estimates by serum CrAg status during first year of follow-up.

and 17.4% (4/23) in CSF (4/4 of those positive with IMMY LFA)
(Table 2). No patient was detected with isolated urine CrAg.
Of the 11 patients with the positive T1-band in serum, 10 were
CrAg positive in urine, and 45.5% (5/11) were also T2-band
positive. All 5 patients had CM while none with negative T2-
band had. Of note, 2 of the 5 with CM were T2-band positive
in urine.

Concerning the classification of specimens as positive or
negative, IMMY LFA and Biosynex CryptoPS agreed in 98.4%
of serum and 100% of CSF (Table 2) but with the IMMY test
15.6% (29/186) of patients who had no detectable CrAg in plasma
and serum were CrAg positive in urine (Figure 2). These patients
were thus considered as having false positive detection of CrAg in
urine by the IMMY test. Each POC test had a 98.9% agreement in
classifying plasma and serum specimens from the same patient as
positive or negative (data not shown).

The 186 stored sera tested with EIA, 4.3% (8/186) were
positive. No serum previously categorized as negative
by both POC test was found positive by EIA, including
those with isolated urine CrAg by IMMY LFA. Thus,
considering EIA as reference, IMMY LFA and Biosynex
CryptoPS both had a sensitivity of 100% and respective
specificities of 96.6% (95%CI: 92.8–98.6) and 98.3% (95%CI:
95.2–99.7).

TABLE 5 | Probable causes of death in 39 patients during first year of ART
following CrAg screening.

Probable causes of death CrAg
positive

CrAg
negative

Total deaths,
n (%)

Gastroenteritis 0 12 12 (30.8)

Respiratory/Tuberculosis 0 8 8 (20.5)

Unknown causes 2 6 8 (20.5)

Severe anemia 0 3 3 (7.7)

Kaposi sarcoma 0 2 2 (5.2)

Cryptococcal meningitis 1 0 1 (2.6)

Cerebral toxoplasmosis 1 0 1 (2.6)

Lymphoma 0 1 1 (2.6)

Pulmonary embolism 1 0 1 (2.6)

Severe sepsis 0 1 1 (2.6)

Other meningitis 0 1 1 (2.6)

We then assessed the titres obtained with the three methods.
Median EIA CrAg reciprocal titre in serum was 160 (IQR: 13.5–
718.8), higher in those with microbiologically confirmed CM:
525 (IQR: 160.5–912.5) than in those without: 6.4 (IQR: 1–20.5),
p = 0.003. EIA reciprocal titre threshold of 160 was associated
with the presence of confirmed CM (p = 0.03). Both POC tests
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FIGURE 4 | Scatter plots with highlighted points of agreement of CrAg test in classifying patients with elevated serum CrAg. (A) Enzyme immunoassay (EIA) CrAg
vs. IMMY LFA, (B) EIA CrAg vs. Biosynex T1-band, (C) IMMY LFA vs. Biosynex T1-band, and (D) EIA CrAg vs. Biosynex T2-band.

CrAg titres agreed with EIA titres in stratifying patients with
elevated titres but the T2-band of the Biosynex CryptoPS showed
a stronger pattern of agreement (Figure 4). CrAg titres were also
determined for the 6 serum samples tested negative by EIA, and
positive with LFA IMMY (n = 6) or Biosynex CryptoPS (n = 3).
The reciprocal titres ranged between 10 and 20 for those only
positive with IMMY, and were at 10 and 10, 10 and >20, 80 and
>20 when determined by Biosynex T1-band and IMMY for those
positive with both POC.

Considering serum CrAg positivity as a surrogate marker to
confirmatory CM diagnosis, the IMMY LFA predicted 45.5%
(5/11) of asymptomatic CM while the Biosynex CryptoPS T1-
band predicted 55.5% (5/9) and the T2-band 100% (5/5).

DISCUSSION

In Cameroon where 4.3% (Group Technique Central du Comite
National de Lutte contre le VIH/SIDA, 2015) of adults are HIV-
infected, we found in those presenting with <100 CD4 cells/ml,

that 7.5% were serum CrAg positive using the IMMY LFA
(5.9 and 4.3% using Biosynex CryptoPS and EIA, respectively)
indicating a high risk of CM warranting implementation of
systematic pre-ART CrAg screening in this population (World
Health Organization, 2011). Nevertheless, doing that in a local
context where current application of the HIV “test-and-treat”
strategy (World Health Organization, 2016) does not recommend
baseline pre-ART CD4 T-cell count remains challenging.

Depending on the test used for screening, one out of two to
three patients with positive serum CrAg had asymptomatic CM,
a finding like in other cohorts in the southern part of Africa
(Mfinanga et al., 2015; Longley et al., 2016), suggesting that
systematic LPs should be performed for all asymptomatic CrAg
positive patients as a strategy to timely diagnose CM. Though we
had high LP acceptability within the study, it is not always the
case in routine settings with similar CM risks (Mfinanga et al.,
2015; Longley et al., 2016), thus underlining the need for more
acceptable methods to timely diagnose CM (Jackson and van der
Horst, 2016). This could be achieved by offering LPs only to
those with higher CrAg titres, as high blood titres are associated
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with presence of CM (Longley et al., 2016). Identifying those
with high titres could be done either through serial dilutions
of CrAg positive samples (Rajasingham and Boulware, 2015;
Longley et al., 2016) or through the availability of a CrAg test
capable of directly identifying those with high titres (Jackson
and van der Horst, 2016; Sriruttan et al., 2016). Serial dilution is
expensive, technically demanding, particularly for low-resource
areas, requires a laboratory setting and prolongs diagnostic time.
In our study, the Biosynex CryptoPS semi-quantitative T2-band,
identified patients with high titres and these high titres correlated
with laboratory evidence of asymptomatic CM (Longley et al.,
2016). Such promising performance could be invaluable in
CM diagnostic algorithms especially in settings with low LP
uptake.

During the follow up period, there was no incident case of CM,
a finding comparable to that of a South African cohort (Longley
et al., 2016) where pre-emptive treatment was administered at the
same tapering doses (World Health Organization, 2011). In rural
Uganda, using 800 mg/day preemptively for only 4 weeks (Pac
et al., 2015) yielded similar results within 6 months of follow up.
However, another recent Ugandan cohort described a failure of
fluconazole administered at this recommended pre-emptive dose
in preventing incident CM (HR: 5.4) and death (HR: 3.2) within
6 months of screening and this failure was attributed to baseline
CrAg titres ≥1:160 (Morawski et al., 2016). Here, EIA titres of
1:160 was associated with CM, thereby suggesting that Ugandan
patients at baseline might have had undiagnosed CM for which
fluconazole at 800 mg/day is not suitable. Indeed, this dosage
is not recommended for CM induction treatment (Rothe et al.,
2013) but is more appropriate as pre-emptive therapy. Overall,
these data iterate the importance of considering antigen titre
measurement as a proxy to timely CM diagnosis.

Overall mortality during first year of ART, though high, was
comparable to findings in other cohorts in resource limited
setting (Lawn et al., 2008). We found some evidence of CrAg
positivity and risk of death but not as strong as elsewhere (Liechty
et al., 2007; Jarvis et al., 2009; Pac et al., 2015; Longley et al.,
2016), and this association disappeared upon adjusting with other
factors (Kapoor et al., 2015). Arguably, it could be due to our
relatively smaller sample, but a plausible explanation could also
be our approach of active CM case finding at baseline such
that over time, risks of CM was similar in those found CrAg
positive or negative. Notwithstanding, though mortality in CrAg
negatives in our cohort was still unacceptably high, there were
more early deaths in those screened as CrAg positive but only
one was attributed to CM. CrAg positive patients may have other
poorly understood factors that lead to death due to non-CM
causes; or deaths may have been with undetected cryptococcosis.
The precise cause of death is extremely hard to ascertain in this
patient population.

Our study has some limitations. The number of patients
screened for CrAg was lower than initially planned due to
modifications in local guidelines on diagnosis and treatment of
HIV which reduced the number of potentially eligible patients.

Nevertheless, we believe that our findings may facilitate
management strategies of cryptococcosis in Sub-Saharan African
countries based on excellent performances of both POC tests

used. Considering EIA as the reference standard, both POC had
excellent sensitivity while specificity was slightly better in serum
for Biosynex CryptoPS. Interestingly, though urine screening
provided false positive results with the LFA IMMY as previously
reported (Longley et al., 2016; Brito-Santos et al., 2017), Biosynex
CryptoPS was not associated with false positives in urine.

Acknowledging the constraints around serial dilution for titre
determination and considering that Biosynex CryptoPS T2-band
directly uncovers those with high titres and CM, points out
urgent broad evaluation of this new test as a timely tool for
asymptomatic CM diagnosis.

CONCLUSION

The prevalence of CrAg and asymptomatic CM in Cameroon
is unexpectedly high, thereby suggesting that CM burden may
also be comparably high as described in the Southern part
of Africa. There is urgent need to integrate as part of HIV
comprehensive care package, systematic CrAg screening and
pre-emptive fluconazole therapy as a strategy to reduce HIV-
associated CM morbidity and mortality. The Biosynex CryptoPS
test is comparable to the IMMY LFA as POC CrAg screening test
with apparently less false positive results in urine. The T2-band
of Biosynex CryptoPS, provides a potentially useful surrogate
diagnosis of CM that should prompt lumbar puncture and/or
CM induction antifungal therapy.

AUTHOR CONTRIBUTIONS

ET, TH, OL designed the study. ET, CK, ED, SK-S, LM, and
MF significantly contributed in data acquisition. ET, OL, and FD
analyzed the data and together with TH, AL and SM, they did data
interpretation. ET and OL drafted the manuscript. TH, AL, SM,
FD, ET, OL, SK-S, and ED revised the manuscript. All authors
approved the final manuscript and agreed to be accountable for
all aspects of the work.

FUNDING

This work was supported by the French National Agency for
Research on AIDS and Viral Hepatitis (ANRS) through a pre-
doctoral bursary for ET and funding for this study (Grant Nos.
33/CCS6/AO 2013-1 and ANRS 12 312 PreCASA; Principal
Investigators OL and ET).

ACKNOWLEDGMENTS

We thank Mrs. Celine Conion for technical assistance. We are
grateful to the personnel of the ANRS site in Yaoundé Cameroon
(especially Sylvie Le Gac for assistance in local coordination),
the PreCASA team (especially Eugenie Dipoue for her dedication
to this work), and all the patients who accepted to participate
in the study. We also acknowledge IMMY R© and BIOSYNEX R©

Diagnostics for donating the respective POC tests for the study.

Frontiers in Microbiology | www.frontiersin.org 8 March 2018 | Volume 9 | Article 409

https://www.frontiersin.org/journals/microbiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-09-00409 March 13, 2018 Time: 11:37 # 9

Temfack et al. Pre-antiretroviral Cryptococcal Antigen Screening in AIDS

REFERENCES
Advancing Cryptococcal Meningitis Treatment for Africa [ACTA] (2013). A

Phase III, Randomised, Controlled Trial for the Treatment of HIV-Associated
Cryptococcal Meningitis: Oral Fluconazole Plus Flucytosine or One Week
Amphotericin B-Based Therapy vs Two Weeks Amphotericin B-based Therapy.
Available at: http://www.isrctn.com/ISRCTN45035509 [accessed June 18,
2017].

Brito-Santos, F., Ferreira, M. F., Trilles, L., Muniz, M. M., Veloso Dos Santos,
V. G., Carvalho-Costa, F. A., et al. (2017). Preheating of urine improves
the specificity of urinary cryptococcal antigen testing using the lateral
flow assay. PLoS Negl. Trop. Dis. 11:e0005304. doi: 10.1371/journal.pntd.
0005304

Chang, L. W., Phipps, W. T., Kennedy, G. E., and Rutherford, G. W. (2005).
Antifungal interventions for the primary prevention of cryptococcal disease
in adults with HIV. Cochrane Database Syst. Rev. 20:CD004773. doi: 10.1002/
14651858.CD004773.pub2

Dromer, F., Mathoulin-Pelissier, S., Fontanet, A., Ronin, O., Dupont, B.,
Lortholary, O., et al. (2004). Epidemiology of HIV-associated
cryptococcosis in France (1985-2001): comparison of the pre- and post-
HAART eras. AIDS 18, 555–562. doi: 10.1097/00002030-200402200-
00024

French, N., Gray, K., Watera, C., Nakiyingi, J., Lugada, E., Moore, M.,
et al. (2002). Cryptococcal infection in a cohort of HIV-1-infected
Ugandan adults. AIDS 16, 1031–1038. doi: 10.1097/00002030-200205030-
00009

Group Technique Central du Comite National de Lutte contre le VIH/SIDA
(2015). Activite de Lutte Contre le VIH/SIDA et Les IST au Cameroun:
Rapport Annuel 2015. Antananarivo: Comite National de Lutte contre le
VIH/SIDA.

IMMY (2017). CrAg LFA Norman, Oklahoma, USA. Available at: http://www.
immy.com/products/lateral-flow-assays/crag-lfa [accessed June 17, 2017].

Jackson, A. T., and van der Horst, C. M. (2016). Editorial commentary:
cryptococcosis in AIDS: new data but questions remain. Clin. Infect. Dis. 62,
588–589. doi: 10.1093/cid/civ939

Jarvis, J. N., Govender, N., Chiller, T., Park, B. J., Longley, N., Meintjes, G.,
et al. (2012). Cryptococcal antigen screening and preemptive therapy in
patients initiating antiretroviral therapy in resource-limited settings: a proposed
algorithm for clinical implementation. J. Int. Assoc. Physicians AIDS Care (Chic)
11, 374–379. doi: 10.1177/1545109712459077

Jarvis, J. N., Harrison, T. S., Lawn, S. D., Meintjes, G., Wood, R., and Cleary, S.
(2013). Cost effectiveness of cryptococcal antigen screening as a strategy to
prevent HIV-associated cryptococcal meningitis in South Africa. PLoS One
8:e69288. doi: 10.1371/journal.pone.0069288

Jarvis, J. N., Lawn, S. D., Vogt, M., Bangani, N., Wood, R., and Harrison,
T. S. (2009). Screening for cryptococcal antigenemia in patients accessing an
antiretroviral treatment program in South Africa. Clin. Infect. Dis. 48, 856–862.
doi: 10.1086/597262

Kapoor, S. W., Magambo, K. A., Kalluvya, S. E., Fitzgerald, D. W., Peck, R. N.,
and Downs, J. A. (2015). Six-month outcomes of HIV-infected patients
given short-course fluconazole therapy for asymptomatic cryptococcal
antigenemia. AIDS 29, 2473–2478. doi: 10.1097/QAD.00000000000
00872

Lawn, S. D., Harries, A. D., Anglaret, X., Myer, L., and Wood, R. (2008).
Early mortality among adults accessing antiretroviral treatment programmes
in sub-Saharan Africa. AIDS 22, 1897–1908. doi: 10.1097/QAD.0b013e32830
007cd

Letang, E., Muller, M. C., Ntamatungiro, A. J., Kimera, N., Faini, D., Furrer, H.,
et al. (2015). Cryptococcal antigenemia in immunocompromised human
immunodeficiency virus patients in rural Tanzania: a preventable cause
of early mortality. Open Forum Infect. Dis. 2:ofv046. doi: 10.1093/ofid/
ofv046

Liechty, C. A., Solberg, P., Were, W., Ekwaru, J. P., Ransom, R. L., Weidle,
P. J., et al. (2007). Asymptomatic serum cryptococcal antigenemia
and early mortality during antiretroviral therapy in rural Uganda.
Trop. Med. Int. Health 12, 929–935. doi: 10.1111/j.1365-3156.2007.
01874.x

Longley, N., Jarvis, J. N., Meintjes, G., Boulle, A., Cross, A., Kelly, N., et al. (2016).
Cryptococcal antigen screening in patients initiating ART in South Africa:
a prospective cohort study. Clin. Infect. Dis. 62, 581–587. doi: 10.1093/cid/
civ936

Meya, D. B., Manabe, Y. C., Castelnuovo, B., Cook, B. A., Elbireer, A. M.,
Kambugu, A., et al. (2010). Cost-effectiveness of serum cryptococcal
antigen screening to prevent deaths among HIV-infected persons with
a CD4+ cell count < or = 100 cells/microL who start HIV therapy
in resource-limited settings. Clin. Infect. Dis. 51, 448–455. doi: 10.1086/
655143

Mfinanga, S., Chanda, D., Kivuyo, S. L., Guinness, L., Bottomley, C., Simms, V.,
et al. (2015). Cryptococcal meningitis screening and community-based
early adherence support in people with advanced HIV infection starting
antiretroviral therapy in Tanzania and Zambia: an open-label, randomised
controlled trial. Lancet 385, 2173–2182. doi: 10.1016/S0140-6736(15)
60164-7

Micol, R., Lortholary, O., Sar, B., Laureillard, D., Ngeth, C., Dousset,
J. P., et al. (2007). Prevalence, determinants of positivity, and clinical
utility of cryptococcal antigenemia in Cambodian HIV-infected patients.
J. Acquir. Immune Defic. Syndr. 45, 555–559. doi: 10.1097/QAI.0b013e318
11ed32c

Micol, R., Tajahmady, A., Lortholary, O., Balkan, S., Quillet, C., Dousset, J. P.,
et al. (2010). Cost-effectiveness of primary prophylaxis of AIDS associated
cryptococcosis in Cambodia. PLoS One 5:e13856. doi: 10.1371/journal.pone.
0013856

Mirza, S. A., Phelan, M., Rimland, D., Graviss, E., Hamill, R., Brandt,
M. E., et al. (2003). The changing epidemiology of cryptococcosis: an
update from population-based active surveillance in 2 large metropolitan
areas, 1992-2000. Clin. Infect. Dis. 36, 789–794. doi: 10.1086/36
8091

Morawski, B., Boulware, D., Nalintya, E., Kiragga, A., Kazooza, F., Rajasingham, R.,
et al. (2016). “Pre-art cryptococcal antigen titer associated with preemptive
fluconazole failure,” in Proceedings of the Conference on Retroviruses and
Opportunistic Infections, Boston, MA, 64.

Pac, L., Horwitz, M. M., Namutebi, A. M., Auerbach, B. J., Semeere, A.,
Namulema, T., et al. (2015). Implementation and operational
research: Integrated pre-antiretroviral therapy screening and
treatment for tuberculosis and cryptococcal antigenemia. J. Acquir.
Immune Defic. Syndr. 68, e69–e76. doi: 10.1097/QAI.00000000000
00527

Parkes-Ratanshi, R., Wakeham, K., Levin, J., Namusoke, D., Whitworth, J.,
Coutinho, A., et al. (2011). Primary prophylaxis of cryptococcal disease with
fluconazole in HIV-positive Ugandan adults: a double-blind, randomised,
placebo-controlled trial. Lancet Infect. Dis. 11, 933–941. doi: 10.1016/S1473-
3099(11)70245-6

Rajasingham, R., and Boulware, D. R. (2015). HIV care: ART adherence support
and cryptococcal screening. Lancet 385, 2128–2129. doi: 10.1016/S0140-
6736(15)60455-X

Rajasingham, R., Meya, D. B., and Boulware, D. R. (2012). Integrating cryptococcal
antigen screening and pre-emptive treatment into routine HIV care.
J. Acquir. Immune Defic. Syndr. 59, e85–e91. doi: 10.1097/QAI.0b013e31824
c837e

Rajasingham, R., Smith, R. M., Park, B. J., Jarvis, J. N., Govender, N. P., Chiller,
T. M., et al. (2017). Global burden of disease of HIV-associated cryptococcal
meningitis: an updated analysis. Lancet Infect. Dis. 17, 873–881. doi: 10.1016/
S1473-3099(17)30243-8

Rothe, C., Sloan, D. J., Goodson, P., Chikafa, J., Mukaka, M., Denis, B., et al. (2013).
A prospective longitudinal study of the clinical outcomes from cryptococcal
meningitis following treatment induction with 800 mg oral fluconazole
in Blantyre, Malawi. PLoS One 8:e67311. doi: 10.1371/journal.pone.006
7311

Siedner, M. J., Ng, C. K., Bassett, I. V., Katz, I. T., Bangsberg, D. R., and Tsai, A. C.
(2015). Trends in CD4 count at presentation to care and treatment initiation in
sub-Saharan Africa, 2002-2013: a meta-analysis. Clin. Infect. Dis. 60, 1120–1127.
doi: 10.1093/cid/ciu1137

Smith, R. M., Nguyen, T. A., Ha, H. T., Thang, P. H., Thuy, C.,
Lien, T. X., et al. (2013). Prevalence of cryptococcal antigenemia

Frontiers in Microbiology | www.frontiersin.org 9 March 2018 | Volume 9 | Article 409

http://www.isrctn.com/ISRCTN45035509
https://doi.org/10.1371/journal.pntd.0005304
https://doi.org/10.1371/journal.pntd.0005304
https://doi.org/10.1002/14651858.CD004773.pub2
https://doi.org/10.1002/14651858.CD004773.pub2
https://doi.org/10.1097/00002030-200402200-00024
https://doi.org/10.1097/00002030-200402200-00024
https://doi.org/10.1097/00002030-200205030-00009
https://doi.org/10.1097/00002030-200205030-00009
http://www.immy.com/products/lateral-flow-assays/crag-lfa
http://www.immy.com/products/lateral-flow-assays/crag-lfa
https://doi.org/10.1093/cid/civ939
https://doi.org/10.1177/1545109712459077
https://doi.org/10.1371/journal.pone.0069288
https://doi.org/10.1086/597262
https://doi.org/10.1097/QAD.0000000000000872
https://doi.org/10.1097/QAD.0000000000000872
https://doi.org/10.1097/QAD.0b013e32830007cd
https://doi.org/10.1097/QAD.0b013e32830007cd
https://doi.org/10.1093/ofid/ofv046
https://doi.org/10.1093/ofid/ofv046
https://doi.org/10.1111/j.1365-3156.2007.01874.x
https://doi.org/10.1111/j.1365-3156.2007.01874.x
https://doi.org/10.1093/cid/civ936
https://doi.org/10.1093/cid/civ936
https://doi.org/10.1086/655143
https://doi.org/10.1086/655143
https://doi.org/10.1016/S0140-6736(15)60164-7
https://doi.org/10.1016/S0140-6736(15)60164-7
https://doi.org/10.1097/QAI.0b013e31811ed32c
https://doi.org/10.1097/QAI.0b013e31811ed32c
https://doi.org/10.1371/journal.pone.0013856
https://doi.org/10.1371/journal.pone.0013856
https://doi.org/10.1086/368091
https://doi.org/10.1086/368091
https://doi.org/10.1097/QAI.0000000000000527
https://doi.org/10.1097/QAI.0000000000000527
https://doi.org/10.1016/S1473-3099(11)70245-6
https://doi.org/10.1016/S1473-3099(11)70245-6
https://doi.org/10.1016/S0140-6736(15)60455-X
https://doi.org/10.1016/S0140-6736(15)60455-X
https://doi.org/10.1097/QAI.0b013e31824c837e
https://doi.org/10.1097/QAI.0b013e31824c837e
https://doi.org/10.1016/S1473-3099(17)30243-8
https://doi.org/10.1016/S1473-3099(17)30243-8
https://doi.org/10.1371/journal.pone.0067311
https://doi.org/10.1371/journal.pone.0067311
https://doi.org/10.1093/cid/ciu1137
https://www.frontiersin.org/journals/microbiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-09-00409 March 13, 2018 Time: 11:37 # 10

Temfack et al. Pre-antiretroviral Cryptococcal Antigen Screening in AIDS

and cost-effectiveness of a cryptococcal antigen screening program–
Vietnam. PLoS One 8:e62213. doi: 10.1371/journal.pone.0062
213

Sriruttan, C., Wake, R., Rukasha, I., Glencross, D., Coetzee, L., Lawrie, D.,
et al. (2016). Comparison of a Novel Semi-Quantitative Prototype
and a Commercial Lateral Flow Assay for Detection of Cryptococcal
Antigen from Thawed Whole Blood Samples. Basel: ESCMID
eLibrary.

World Health Organization (2011). Rapid Advice: Diagnosis, Prevention and
Management of Cryptococcal Disease in HIV-Infected Adults, Adolescents and
Children. Geneva: WHO.

World Health Organization (2016). Consolidated Guidelines on the Use
of Antiretroviral Drugs for Treating and Preventing HIV Infection:
Recommendations for a Public Health Approach, 2nd Edn. Available at:
http://www.who.int/hiv/pub/arv/arv-2016/en/ [accessed June 17, 2017].

Conflict of Interest Statement: FD was involved in the development of the
Biosynex CryptoPS test.

The other authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict
of interest.

Copyright © 2018 Temfack, Kouanfack, Mossiang, Loyse, Fonkoua, Molloy, Koulla-
Shiro, Delaporte, Dromer, Harrison and Lortholary. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Microbiology | www.frontiersin.org 10 March 2018 | Volume 9 | Article 409

https://doi.org/10.1371/journal.pone.0062213
https://doi.org/10.1371/journal.pone.0062213
http://www.who.int/hiv/pub/arv/arv-2016/en/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/microbiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles

	Cryptococcal Antigen Screening in Asymptomatic HIV-Infected Antiretroviral Naïve Patients in Cameroon and Evaluation of the New Semi-Quantitative Biosynex CryptoPS Test
	Introduction
	Materials And Methods
	Study Setting
	Study Procedure
	Statistical Analysis

	Results
	Prevalence of Latent Cryptococcosis and CM Based on Screening Using IMMY LFA
	Subsequent Follow-Up and Outcome in the Study Population
	Impact of the Test and the Specimen Used for CrAg Screening

	Discussion
	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


