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Abstract OBJECTIVE To determine the prevalence of asymptomatic cryptococcal antigen (CRAG) using lateral
flow assay (LFA) in hospitalised HIV-infected patients with CD4 counts <200 cells/ul.

METHODS Hospitalised HIV-infected patients were prospectively recruited at Instituto de Infectologia
Emilio Ribas, a tertiary referral hospital to HIV-infected patients serving the Sao Paulo State, Brazil.
All patients were >18 years old without prior cryptococcal meningitis, without clinical suspicion of
cryptococcal meningitis, regardless of antiretroviral (ART) status, and with CD4 counts <200 cells/ul.
Serum CRAG was tested by LFA in all patients, and whole blood CRAG was tested by LFA in
positive cases.

RESULTS We enrolled 163 participants of whom 61% were men. The duration of HIV diagnosis was
a median of 8 (range, 1-29) years. 26% were antiretroviral (ART)-naive, and 74% were ART-
experienced. The median CD4 cell count was 25 (range, 1-192) cells/ul. Five patients (3.1%; 95%ClI,
1.0-7.0%) were asymptomatic CRAG-positive. Positive results cases were cross-verified by
performing LFA in whole blood.

CONCLUSIONS 3.1% of HIV-infected inpatients with CD4 <200 cells/ul without symptomatic
meningitis had cryptococcal antigenemia in Sao Paulo, suggesting that routine CRAG screening may
be beneficial in similar settings in South America. Our study reveals another targeted population for
CRAG screening: hospitalised HIV-infected patients with CD4 <200 cells/ul, regardless of ART
status. Whole blood CRAG LFA screening seems to be a simple strategy to prevention of
symptomatic meningitis.
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Introduction

Cryptococcus neoformans is a major cause of adult
meningitis among HIV-infected persons around the
world. Sub-Saharan Africa has the highest burden [1, 2],
but Latin America has the third highest number of cases
globally [3]. Currently, cryptococcal meningitis is the
main cause of HIV-related opportunistic meningitis in
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Brazil [4] and in most low- and middle-income countries
[5]. Mortality continues to be unacceptably high. In ret-
rospective and prospective hospital-based studies per-
formed in Brazil and Argentina, cryptococcal case fatality
rates have ranged from 26% to 63% [4]. These results
are similar to the 24-50% reported in prospective inter-
ventional trials in Africa and Asia [6]. These studies sug-
gest that cryptococcosis is an important cause of
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mortality in Latin America. Yet, it is potentially pre-
ventable.

Early diagnosis of cryptococcal infection is a keystone
to improving outcomes. Detectable cryptococcal antigen
(CRAG) in peripheral blood precedes symptomatic
meningitis disease by weeks to months, offering an
opportunity for early detection and pre-emptive interven-
tion [7].

WHO recommends routine serum or plasma CRAG
screening in antiretroviral therapy (ART)-naive adults
with CD4 counts <100 cells/ul, followed by pre-emptive
antifungal therapy if CRAG positive, to prevent the
development of cryptococcal disease. Similarly, persons
failing ART due to non-adherence or virologic failure
should also likely be CRAG-screened, thus some coun-
tries, such as South Africa, routinely screen all persons
with a CD4 count <100 cells/ul. There is evidence sug-
gesting that CRAG screening and pre-emptive therapy
with fluconazole are a cost-saving intervention for HIV-
infected persons with a prevalence of cryptococcal anti-
genemia of >3%, and this strategy is now recommended
[7, 8].

To validate the cost-effectiveness of the implementation
of WHO guidelines, it is necessary to know the local
CRAG prevalence in subsets of patients. In most African
studies, among ART-naive persons with CD4 <100 cells/
ul, CRAG prevalence is >3% [8]. Currently in South
America, there are no published studies during the ART
era of CRAG prevalence in HIV-infected persons living
with AIDS, including in Brazil. In this study, we evalu-
ated CRAG prevalence in HIV-infected patients with
CD4 counts <200 cells/ul, either ART-naive or experi-
enced, who were admitted at a referral tertiary centre
from Sao Paulo, Brazil.

Patients and methods

Patients were prospectively recruited and samples col-
lected from 1 November 2014 to 30 October 2015 at the
medical wards at Instituto de Infectologia Emilio Ribas,
which is the main tertiary referral hospital for HIV-
infected patients serving the Sao Paulo State, Brazil.

This study was conceived in the Brazilian Network of
Cryptococcosis and approved by the Research Ethics
Committee of the hospital. All study participants pro-
vided written informed consent. For unconscious patients
in the hospital, primary relatives and/or those legally
responsible provided written informed consent. We
sequentially enrolled HIV-infected adults aged >18 years
old who were hospitalised with CD4 counts <200 cells/ul
without prior diagnosis of cryptococcal infection, without

clinical suspicion of cryptococcal meningitis, and regard-
less of ART status.

Demographic, clinical and laboratory data were
recorded at study enrolment and during hospitalisation
through discharge or death to obtain the final diagnosis.
Approximately 5 ml of whole blood was collected from
all enrolled patients and sent to the Centro de Parasitolo-
gia e Micologia of the Instituto Adolfo Lutz where two
technicians independently determined CRAG testing
without access to participant clinical or laboratory infor-
mation. Serum was tested for CRAG using the lateral
flow assay (LFA) kits (Immuno-Mycologics Inc, Norman,
OK, USA) following manufacturer’s instructions. Positive
results were cross-verified by performing CRAG LFA in
whole blood (using the same initial sample or fingerstick)
and urine. Positive serum CRAG results were reported to
the responsible clinicians for further investigation and
treatment at their discretion. If a lumbar puncture was
performed by the responsible clinician, CRAG LFA was
performed on cerebrospinal fluid (CSF).

Data were analysed using Stata, version 12.0 (Stata-
Corp, College Station, Texas, USA).

Results

We screened 219 hospitalised participants and enrolled
163 without symptomatic meningitis with CD4 cell
counts <200 cells/ul of whom 61% (7 = 99) were men. A
total of 56 of the 219 prospective participants had symp-
tomatic meningitis, including 20 patients with culture-
proven cryptococcal meningitis, and were excluded. The
median age was 38.4 (+10) years. The duration of HIV
diagnosis was a median of 8 (Range, 1-29) years, and
36% (59/163) had a prior history of opportunistic infec-
tion(s). The median CD4 cell count was 25 (Range, 1-
192) cells/ul with 79% (n = 128) having a CD4 cells
counts <100 cells/ul. Of the cohort, 26% (n = 42) were
ART-naive, and 74% (n = 121) were ART-experienced
with irregular ART use and/or having defaulted from
ART. Among the ART-naive patients, 19 (45%) cases
were newly diagnosed with HIV infection during hospi-
talisation. Overall among hospitalised patients, only
2.5% (4/160) had undetectable HIV-1 viral loads of

<40 copies/ml.

Five of 163 participants without symptomatic
meningitis (3.1%; 95%CI, 1.0-7.0%) were CRAG-posi-
tive with a median age of 41 (+5.6) years. The median
duration of HIV diagnosis was 8 (Range, 0—14) years.
Two of the five CRAG-positive patients had prior oppor-
tunistic infections. Among CRAG positive, the median
CD4 cell count was 18 (Range, 6-192) cells/ul. One of
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the five had a CD4 cell count of 192 cells/ul; the other 4
had CD4 cell counts <100 cells/ul. All CRAG-positive
persons had detectable viral loads, and only one was
ART-naive. Details of these five patients are displayed in
Table 1.

Among the five asymptomatic CRAG positive, three
received fluconazole pre-emptive therapy of whom two
survived and one was later re-hospitalised and died.
Two person left against medical advice and did not
receive pre-emptive treatment (unknown outcome, pre-
sumed dead). Although in an observational study these
outcomes were not ideal, the cost of CRAG screening
per life saved was $326 (95%CI, $91 to $2685) per
hospitalised person without meningitis with CD4
<200 cells/ul, assuming a real-world cost of $4 per
CRAG LFA (e.g. $2 test, $0.50 labour, $0.50 overhead,
$0.20 shipping, $0.01 disposables, $0.29 profit) in most
low- and middle-income settings. However, at present in
Brazil, the CRAG LFA commercial cost is approxi-
mately US$8 per test (i.e. a 400% price mark up from
the list price), which would increase cost estimates 2.5-
fold.

Of the 219 persons presenting to hospital without
symptomatic meningitis (z = 163) and symptomatic
meningitis (7 = 56), 11.4% (25/219) were CRAG-posi-
tive. Thus, among the hospitalised persons with a CD4
count <200 cells/ul, the number needed to test (NNT) to
detect one CRAG-positive case was 8.8 (95%CI, 7.5—
16.4). If all hospitalised patients with CD4 <200 cells/ul
(n = 219) were CRAG-screened, the cost per case
detected would be $35 (95%CI, $24 to $53).

The CRAG prevalence among asymptomatic persons
with CD4 cell counts <50 cells/ul was 8% (2/25),
<100 cells/ul was 3.1% (4/128), and among people with
CD4 counts of 100-200 cells/ul, it was 2.9% (1/35). The
CRAG prevalence in ART-naive patients was 2.4% (1/
42); in ART-experienced patients, it was 3.3% (4/121)
(P =0.62).

Among all 163 hospitalised participants without symp-
tomatic meningitis, none of the 158 CRAG-negative
patients developed cryptococcal meningitis during hospi-
talisation. Among CRAG-negative outcomes, 87%

(n = 138) were discharged home, 9.5% (n = 15) died
during hospitalisation, and 3% were lost to follow-up
(n=5).

A CD4 test before admission was available in 128
(79%) of participants. Of these, 106 (83%) had CD4 cell
counts <200 cells/ul. Among the 22 (17%) cases with
antecedent CD4 cell counts >200 cells/ul, 14 (64%) par-
ticipants had CD4 tests performed at least 6 months
before the admission. All these 22 cases presented with
detectable viral loads. Interestingly, the asymptomatic
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CRAG-positive person with a CD4 count of 192 cells/ul
had 444 cells/ul at the preceding clinic visit 4 years
earlier.

Discussion

Cryptococcal antigenemia was found in 3.1% of asymp-
tomatic hospitalised patients with CD4 cell counts

<200 cells/ul, irrespective of ART status, admitted to a
referral centre in Sao Paulo, Brazil. Among all hospi-
talised persons with a CD4 <200 cells/ul, 11.4% were
CRAG-positive. Our study reveals another targeted popu-
lation for CRAG screening: hospitalised HIV-infected
patients with CD4 cells counts <200 cells/ul, regardless
of ART status.

We evaluated hospitalised patients, 74% of them ART-
experienced and 21% of patients with CD4 counts
between 100 and 200 cells/ul, a profile not contemplated
in prior WHO recommendations. Interestingly, in our set-
ting, most of the patients admitted with opportunistic
infection(s) have a prior HIV diagnosis and approxi-
mately half have prior ART use with either virologic fail-
ure or defaulting from care [9]. In this hospitalised
population, the CRAG prevalence of 2.4% in ART-naive
patients was similar to the 3.3% prevalence in ART-
experienced patients. This CRAG prevalence excluded
those presenting with symptomatic meningitis. Including
all hospitalised patients with CD4<200 gave an overall
CRAG prevalence of 11.4%.

This study builds upon three other studies (two unpub-
lished) regarding CRAG prevalence in South America.
From the pre-ART era, Negroni reported a 6.2% asymp-
tomatic CRAG prevalence by latex agglutination among
193 HIV-infected persons with CD4 <300 cells/ul in
Argentina [10]. The first retrospective study was con-
ducted in Lima, Peru among 368 ART-naive adults with
CD4 of <100 cell/ul, without a history of cryptococcosis.
In Lima, 3.6% (n = 13; 95%CI, 1.7-5.5%) were CRAG-
positive. Three of the 13 were culture-positive for Cryp-
tococcus. Thus, 2.7% (10/368) presented with an isolated
CRAGe-positive result [11]. The second was a prospective
study conducted in Buenos Aires, Argentina using HIV-
infected persons with CD4 <100 cells/ul, without regular
ART, without prior cryptococcosis and without antifun-
gal therapy in the prior 14 days. Among 114 patients
evaluated, 10 (8.8%; 95%CI, 4.3-15.5%) were CRAG-
positive. Six of these 10 patients presented with symp-
tomatic cryptococcal meningitis. Thus, 3.5% (4/114) pre-
sented as asymptomatic CRAG-positive [12]. Taken
together, these results suggest that CRAG screening with
pre-emptive treatment of asymptomatic, early dissemi-
nated cryptococcal infection, would be advantageous in



VOLUME 00 NO 00

Tropical Medicine and International Health

J. E. Vidal et al. Asymptomatic cryptococcal antigen prevalence in HIV-infected patients

*98eAR] TR]OIAJEOYDUOI( WOIJ SAIN)

-[Nd pUE UOMBUIWEXI 1021IP Ul PAyRUap! sem ‘sngunj Surpnjour ‘wisiueSIo01o1u dUoN] ‘punoj jou sem eruownaud jo £3ojonae ayJ, -ainjrej L1oieirdsar jo aouanbasuod ur
‘UOISSTWPE J1JB $3[09M OM] PaIp A[[eniuaad 3y ‘siy1 aidsa(q -(sjozeuoony snjd unaioyduwe pue sjozexoylawejns—wridoylowin ‘weideqozel-uifoeiadid) eruownaud 105
93e10400 windads peoiq e pue 110ddns 91ed 9AISUIUL PIAIIAI O “sjute[dwod £103e11dsar 03 anp SWOY 01 PASILydSIP 9 03 JOIJB Y2IM JUO PanIwpear sem juanzed syt

.Ecﬂmwﬁb—um SIy1 ur ﬁwEHOwHu& jou sem uwm\rm— Ie[O2ATRODUOIG .HEOEQ\VCHQEM ~NUO>M5T®E5

193 SWOY 03 PASIBYDISIP SEM PUB SOIOIqIIUE PaAIddal ‘eruownaud [erioeq yaim sjquedwod (eruownaud 1eqo]) s21n3ed) [ed130[oIpel pue [edrul]d pey juaned SIy],

siserpipued [eadeydosao

‘siserrodsost

awoy ‘s1sorprrodsoid£1o
pagieyosiq  9[ozeuodn|j —/=/- +/+ aAnESaN  paduarradxyg 91¥ 69 01 [eunsaiu]  J[eWR} ‘pi S

awoy siso[noraqny
pagieydsiq  9[ozeuodn|j —/—/- ++ aAnESaN  paduarradxyg 716 998 61 Areuownd pawryuo)) Jrew ‘9¢ ¥

Ipaiq $1220207dK47) seruownaud
‘pasijeandsoy-ay  9[ozeUOIN[] —/—/- +/+ 9A1ISOJ IAIBN] 6€€ 15T 81 [eL12108g ‘BOOYLIBI(Q  O[RW ‘¢ ¢

3JIAPY [BIIPIN sIso[naroqni
sutedy o] SUON. —/—/— —/+ aAneSaN  paduarradxyg 90L €€ <6 POIBUIWIISSIP PAULIJUOY)  J[BWd) ‘94 T

3JIAPY [BIIPIIN pawrograd sisowse[doxol
sutedy o] QUON] 10N —/+ oAnESoN  paduarradxyg SI8 €1 9 [e1qa192 aandwnsarg JrewW ‘Gt 1
awoNnQ JusunBII) aImyny) AULI)/pPOO[q  2IMIND) poolg uoneinq [wysardod  pysjeo uonesiendsoy  xag 98y juane]

[eSunynuy /v 47/U] erpul oYM Aderay], peo +dAD Suump sisouderq
sisAeuy 4SO VAT VD [eITAOIRINUY  [BIA T-ATH

(VAT OV YD) udadnue [8250201d 410 winids aanisod yim siuaned paidajui-ATH JO S[1eIdJ | 9|qel

© 2016 John Wiley & Sons Ltd



Tropical Medicine and International Health

VOLUME 00 NO 00

J. E. Vidal et al. Asymptomatic cryptococcal antigen prevalence in HIV-infected patients

South America, in multiple subsets of HIV-infected
patients.

The majority of data regarding cryptococcal antigene-
mia concerns outpatients in sub-Saharan Africa. In
Africa, persons with CD4 cell counts <100 cells/ul have a
reported CRAG prevalence between 2.2% and 21% with
an average of 6.8% (95%CI, 6.5-7.2%) in studies
including only asymptomatic, ART-naive outpatients
[13]. In Southeast Asia, CRAG prevalence in asymp-
tomatic ART-naive persons with CD4 cell counts
<100 cells/ul is reported in 4-12.9% [14]. The WHO rec-
ommends CRAG screening in high prevalence regions,
defined as >3% based CRAG-latex agglutination and the
cost of amphotericin therapy alone [15], but other analy-
ses have reported that screening may be cost-effective
even at a prevalence as low as 1% based on the lower
cost of CRAG LFA compared to the traditional latex
agglutination CRAG [8, 15]. Considering the cost of hos-
pitalisation in middle or high-income countries, CRAG
screening likely is cost-saving [15]. The excessively
inflated commercial cost of CRAG LFA tests in Brazil in
2016 (400% over U.S. list price) reflect an ongoing mar-
ket failure, which likely requires further intervention, per-
haps by organisations such as UNITAID or the Clinton
Health Access Initiative.

A prior study performed in Ethiopia suggests the
importance of considering CRAG screening in different
profiles of patients [16]. In the Ethiopian study, the
overall prevalence of cryptococcal antigenemia was 10%
(26/254). As expected, CRAG positivity was associated
with greater immunosuppression with CD4 cells counts
<50 cells/ul at 25% (8/32); <100 cells/ul at 22% (13/
59); 101-200 cells/ul at 14.7% (10/68); and 201-

350 cells/ul at 5.8% (3/52). Different than our study,
the prevalence of CRAG in the Ethiopian predominantly
outpatient population was higher in ART-naive patients
at 14.2% (18/127) than in ART-experienced ones at
4.1% (5/121) [16]. These results reinforce the impor-
tance of CRAG screening in several epidemiologic and
immunologic scenarios, including hospitalised HIV-
infected patients.

In conclusion, 3.1% of HIV-infected inpatients with
CD4 cells counts <200 cell/ul without symptomatic
meningitis had cryptococcal antigenemia in Sao Paulo,
suggesting that routine CRAG screening may be
beneficial in similar settings in South America. Among
hospitalised HIV-infected persons with CD4 cell counts
<200 cell/ul and without symptomatic meningitis,
approximately, 1 in 33 may likely have their
cryptococcosis diagnosis missed. More outcome studies
are needed to better determine how best to
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implement CRAG screening in a variety of settings.
Whole blood CRAG LFA screening seems to be a
simple strategy to prevention of symptomatic
meningitis.
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