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ABSTRACT

Background: Cryptococcus neoformans causes life-threatening meningoencephalitis,
particularly in HIV-positive individuals with low CD4 levels (< 100 cells/uL). Although the
burden of cryptococcal meningoencephalitis (CM) in Turkey is low (0.13 cases per 100,000
persons), asymptomatic individuals at risk of cryptococcosis should be screened for
antigenemia to prevent the disease and/or promote early CM diagnosis. A lateral flow assay
(LFA) is used to detect Cryptococcus antigen (CrAg) in cerebrospinal fluid and serum.
Objectives: We determined Cryptococcus antigenemia prevalence in serum samples of HIV-
positive and HIV-negative adult patients by using Dynamiker® CrAg-LFA, a point-of-care
dipstick test. Patients” demographic data, CD4 count, HIV-RNA levels, and anti-retroviral
therapy status were recorded.

Results: CrAg was detected in 28 (11%) of 254 HIV-positive patients screened but not in
100 HIV-negative control individuals; a significant difference was observed in the CrAg-

LFA positivity rate between HIV-positive and HIV-negative groups (x°=11.970; P<0.05). In
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CrAg-positive patients, the median CD4 level was 666 cells/uL (115-1,344 cells/uL), with a
median viral load of 23 copies/mL (0-3.69 x 10° copies/mL). In HIV-positive CrAg-negative
patients, the median CD4 level was 633 cells/uL (31-2,953 cells/uL) and the median viral
load was 12 copies/mL (0-1.95 x 10° copies/mL) (P>0.05).

Conclusions: Results indicate that HIVV-positive patients with both low (< 200 cells/uL) and
high (> 200 cells/uL) CD4 counts should be screened for asymptomatic cryptococcal
antigenemia. HIVV-associated asymptomatic cryptococcosis is not uncommon in Turkey,
which warrants systematic screening. Updated strategies for CM prevention among HIV-

positive patients should be used even in non-endemic countries.

Keywords: antigen, cryptococcal meningitis, diagnostics, HIV, point-of-care, prevention

INTRODUCTION

Basidiomycetous yeast of the genus Cryptococcus cause a potentially life-threatening disease,
cryptococcosis, which can be either primary or opportunistic and is observed worldwide.*
Serological methods used to diagnose cryptococcosis for the last four decades are rapid and
reliable;*® among them, tests for detecting the capsular polysaccharide,
glucuronoxylomannan, the primary cryptococcal antigen (CrAg) released during infection
into body fluids, are considered the most sensitive.>* CrAg is detected in serum and
cerebrospinal fluid (CSF) by the latex agglutination (LA) test, enzyme-based immunoassays
(EIAs),% and most recently, by a lateral flow immunoassay (LFA), IMMY CrAg-LFA
(Immuno-Mycologics, Inc., Norman, OK). Pair-wise comparison of data obtained by these
three serological methods revealed that LFA results matched those of LA or EIA in 97-100%

cases (Table 2).>*°
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CrAg-LFA became available in 2011 and has since then been used worldwide;
currently, it is considered an ideal diagnostic test for CrAg detection.”"*® IMMY CrAg-LFA
has been approved by the US Food and Drug Administration (FDA) for use with both serum
and CSF, and has also received the Conformité Européenne mark for serum, plasma, and
CSF, thus complying with the essential requirements of the European Conformity
Directives.>*’ Recently, Datcu et al.'® and Ding et al."® compared the new Dynamiker®- and
IMMY-CrAg LFA tests using both serum and CSF samples of patients with suspected or
confirmed cryptococcosis and reported that the sensitivity and specificity of the Dynamiker®
LFA test were 100% and 89.5-90%, respectively. A similar study also reported that the
Kappa values for CSF and serum samples for Dynamiker® CrAg-LFA test were 0.972 and
0.955, respectively.”® Furthermore, the Dynamiker® CrAg-LFA test is approved by the FDA,
and most importantly, these studies provided clinical validation of the Dynamiker® LFA
test, %20

CrAg-LFA meets the requirements of low-income countries and the World Health
Organization (WHO) affordable, sensitive, specific, user-friendly, rapid and robust,
equipment-free, and deliverable to end-users (ASSURED) criteria for diagnostic

teStS.16'17’21'22

CrAg is detectable in serum between 5 and 234 (median 22) days before
the onset of cryptococcal meningoencephalitis (CM) symptoms, which emphasizes the
necessity of screening for serum CrAg as an independent predictor of CM and death.?®
Furthermore, the WHO recommends screening for CrAg for all human immuno-deficiency
virus (H1V)-seropositive individuals with a CD4 cell count < 100 cells/pL.?? Therefore,
testing of plasma or serum samples with CrAg-LFA may potentially identify patients with

asymptomatic infection who should receive pre-emptive fluconazole.?***
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In Turkey, Cryptococcus was first isolated in 1959 from a patient with intestinal
infection,? and only 66 registered cases of CM were reported from that time until 2017; of
these cases, only 14 were patients with HIV/acquired immune-deficiency syndrome
(AIDS).? Considering the undiagnosed and/or underreported HIV//AIDS cases and the
published incidence rates, 106 patients with CM can be expected in Turkey each year
(0.13/100,000 individuals).?® Currently, however, there are no data on the prevalence of
cryptococcal antigenemia or CrAg testing recommendations in Turkey, despite a growing
number of HIV-positive individuals. Although it was reported that, in 2001-2013, the global
annual number of HIV infections decreased by 38%, followed by a significant decline in
AIDS-related deaths, the trends regarding new HIV infections differ among regions and
countries.?” In Turkey, 19,748 HIV-positive patients (24/100,000 individuals) were reported
from 1985 to 2018, and the number of diagnosed HIV carriers (including 1,772 AIDS
patients) dramatically increased (by 450%) after 2012.2% Therefore, it is very important to
identify the potential risk of CM prior to the onset of symptoms based on the presence of

CrAg detected by sensitive tests.

The aim of this study was to determine the prevalence of asymptomatic Cryptococcus
antigenemia in Turkey among adult HIV-positive patients and HIV-negative individuals by

using the Dynamiker® CrAg-LFA test.

MATERIALS AND METHODS

Collection and storage of clinical samples
Prior to implementation, the protocol for this study was approved by the Ethics Committee of
the Faculty of Medicine of the University of Cukurova, Adana, Turkey. This study was

performed in compliance with the Declaration of Helsinki. Overall, 254 HIV-positive adult
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patients who were admitted to the outpatient clinic of the Cukurova University Medical
Faculty Department of Infectious Diseases and Clinical Microbiology between June 2018 and
February 2019 were included in the study. One hundred age- and sex-matched HIV-negative
adult patients not receiving any immunosuppressant drugs were also enrolled as controls.
During admission, the patients provided written, informed consent, upon which 5 mL of
blood was drawn from each patient, centrifuged at 3,500 rpm for 10 min, and then the
separated serum was transferred into a 1.5-mL Eppendorf tube. The samples were preserved

at —80°C until analysis.

Collection of patients’ information
For each patient included in the study, the HIVV-positive patient form was obtained; it
included demographic information, CD4 cell count, anti-retroviral therapy (ART) status,

HIV-RNA levels, active complaints, and findings of physical and radiological examinations.

Identification of CrAg in serum samples using LFA

Serum samples were incubated at 26°C for 30 min and then examined for the presence of
CrAg using the Dynamiker® CrAg-LFA kit (Dynamiker Biotechnology Co. Ltd., Tianjin,
China). According to the manufacturer’s recommendations, 80 pL of each serum sample was
slowly added to the sample application pad; after 15 min, test results were read and recorded.
Presence of two red lines, test line (T) and control line (C), indicates cryptococcal antigen;
while appearance of a single control line (C) and no red test line (T) indicates the absence of
cryptococcal antigen. One test per patient was performed. The projected cost of the CrAg-

LFA screening was 8.5 USD/test.
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Statistical analysis

All analyses were performed using the SPSS Statistics version 20.0 statistical software
package (IBM, Armonk, NY). Categorical variables (CrAg-LFA positivity rates among HIV-
positive and -negative patients) were expressed as numbers and percentages and the
difference between groups was compared using chi-square test. P < 0.05 was considered

statistically significant.

RESULTS

The results of the LFA test indicated that among the 254 HIV-positive patients, 28 (11%; 23
men and 5 women) with a median age of 39.1 years (range: 21-63 years) were CrAg-
positive, whereas 226 (89%; 191 men and 34 women [gender of one patient not recorded])
with a median age of 39.2 years (range: 18—75 years) were CrAg-negative (Table 1). There
were no CrAg-positive cases among the 100 HIV-negative individuals (82 men and 18
women; median age, 42.3 years; range: 18—67 years) (Table 1). Statistical analysis revealed
that CrAg positivity was significantly higher in HIV-positive patients than in HIV-negative
individuals (x*=11.970; P<0.05). The difference in demographic characteristics between the

groups was not statistically significant (P>0.05).

The median CD4 count in HIV-positive CrAg-positive patients was 666 cells/uL
(range: 115-1,344 cells/uL). Interestingly, 27 of 28 CrAg-positive patients had a CD4 count
> 200 cells/uL, while none of those with a CD4 count < 100 cells/uL was CrAg-positive.
Among the 28 patients, 6 were newly diagnosed with HIV and their blood samples were
taken before the start of ART, whereas 22 patients had been receiving ART for at least 7
months. In 10 patients, the HIV-RNA test was negative, and in 18 patients, 20 to 3.69 x 10°

copies/mL of virus RNA were detected.

This article is protected by copyright. All rights reserved.



The median CD4 count in 226 HIV-positive CrAg-negative patients was 633 cells/uL
(range: 31-2,953 cells/uL); among them, 38 were newly diagnosed with HIV and were not
receiving ART. In 88 patients, the HIVV-RNA test was negative, and in 136 patients, the HIV-
RNA levels (not recorded in the system for two patients) ranged from 20 to 1.95 x 10°
copies/mL; for two patients, HIV-RNA levels were not detected. The differences in CD4
counts and HIV-RNA levels (copies/mL) between HIV-positive CrAg-positive and CrAg-

negative patients were not statistically significant (x*=0.134; P>0.05).

The geographical distribution of the 28 CrAg-positive HIVV-positive patients is shown
in Fig. 1. Fifteen patients were from Adana and 13 from nearby cities and towns. No apparent

relationship between the presence of antigenemia and location was found.

DISCUSSION

We here found an unexpected high rate of seropositivity in HIV-positive patients (11%) and a
lack of positivity in HIV-negative controls by using the Dynamiker® CrAg-LFA test in which
results can be obtained in 15 min. Unlike the WHO recommendation,?? most of our HIV-
positive patients with CD4 counts > 200 cells/uL were seropositive, revealing the importance
of screening tests in this high-risk group. However, among CrAg-positive patients, we were
unable to find any proven contact with the reservoir of these pathogens.' By showing that
CrAg can be detected before the onset of symptoms, the obtained data will aid in general

efforts to reduce CM and related deaths and allow timely precaution measures to be taken.

CM in AIDS patients accounts for approximately 15% of AIDS-related deaths
worldwide;?® therefore, it is recommended that CrAg should be considered as an indicator of
CM risk and associated fatality even in asymptomatic patients.®**?* LFA was used to

30-44

identify CrAg in HIV-positive individuals in various studies (Table 3), which usually
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included patients with CD4 counts < 200 cells/uL who had not received ART. In
asymptomatic HIV-positive patients, the prevalence of cryptococcal antigenemia varies
between 1.6% (Ethiopia)®* and 16.7% (Northeast Nigeria),* which is comparable with our
result of 11%. However, the rate of antigenemia is significantly higher in HIV-positive
individuals with cryptococcosis or CM; thus, 72% was reported in Uganda®and 95% in
Brazil

Previous researches indicate that CrAg detection is usually performed in CSF, serum,
complete blood, plasma, urine’®* (Table 3), and saliva.* In terms of monetary value, CrAg-
LFA-based screening was shown to be highly cost-effective (2.71 USD/test) and was
predicted to result in a 40% reduction in Cryptococcus-associated mortality in Uganda, with
potential application in most areas of sub-Saharan Africa.*® The cost of CrAg-LFA screening
is also relatively low in other countries: 3.84-6.03 USD/test in South Africa,*’ 4.13 USD/test
in Vietnam,*® and 8 USD/test in Brazil;*® it was estimated as 8.5 USD/test in the present
study. However, CrAg-LFA testing was reported to be more expensive in Australia (18
USD/test).'? Furthermore, in Turkey, the commercially available CrAg tests such as LA and

EIA costs 8.5 USD/test and 14.2 USDl/test, respectively. The monetary value of the LFA test

is also another advantage of the test for developing countries.

Nevertheless, CrAg screening of patients at risk of Cryptococcus infection is not
available in Turkey and the rates of asymptomatic cryptococcosis are unknown. In the present
study, we attempted the first step toward determining the prevalence of asymptomatic
antigenemia in Turkey and detected CrAg in 11% of HIV-positive patients, which is an
unexpectedly high rate. However, there were no CrAg-positive individuals among HIV-
negative controls, which is consistent with the following: (i) CM is rare among

immunocompetent patients, (ii) HIVV-negative patients were not receiving any
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immunosuppressant drugs in the current study, and (iii) low incidence of cryptococcosis in

Turkey.?®

The current study had several limitations. First, we determined only CrAg presence
(qualitative read-out) but not its titers (quantitative read-out) in serum because of a specific
testing procedure; nevertheless, this particular limitation should not undermine the major
conclusions of the study. Second, we analysed only patients with HIV and did not consider
other diseases such as leukemia/lymphoma that require immunosuppressant treatment and
increase the risk of CM in HIV-negative individuals. Third, using another FDA-approved
commercial kit was not possible due to limited funds. Finally, the patient group was
heterogeneous in terms of the ART status and CD4 counts, and the 28 CrAg-positive patients
did not meet the pre-emptive (preventive) treatment criteria determined by WHO.?

Therefore, close clinical follow-up is warranted for these patients.

We believe that the results of the current study would contribute to the improvement
of diagnostics and management of cryptococcosis and promote the development of standard
diagnostic/treatment protocols in Turkey. Considering the unexpectedly high prevalence of
CrAg positivity among HIV patients, we believe that mandatory CrAg screening should be
included in HIV treatment guidelines in Turkey as a means of reducing mortality and
morbidity associated with HIV-related cryptococcosis and improving the care of HIV-
positive patients. The results reported here indicate that cost-effective CrAg screening

programs should be implemented in Turkey.
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TABLE 1 Characteristics of HIV-positive and HIV-negative patients according to

CrAg-LFA results

Characteristics

HIV-positive (n=254)

HIV-negative (n=100)

CrAg+ CrAg- CrAg+ CrAg-
Median age (range, years) 39.1(21-63) 39.2(18-75) - 42.3 (18-67)
Gender
Men 23 191 0 82
Women 5 34 0 18
CD4 count (cell/uL)
<100 0 4 - -
100-200 1 8 - -
> 200 27 212 - -
ART status
Receiving 22 185 0 0
Not receiving 6 38 0 100
HIV-RNA (copies/mL)
Positive 18 136 0 0
Negative 10 88 0 100

CrAg, Cryptococcal antigen; LFA, Lateral Flow Assay; ART, Anti-retroviral therapy.
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TABLE 2 Studies that used LA and/or EIA with LFA to diagnose cryptococcosis.”*®

Number of
Author Ref.  Country Disease LFA LA EIA
samples
Serum CSF  Yes No Positive Negative Positive Negative Positive Negative
S CSF S CSF S CSF S CSF S CSF S CSF S CSF S CSF
Lindsley et al. 5 Thailand 704 0 89 - 375 - - - - - 92 - 612 -
Binnicker et al. 6 USA 634 51 10 18 624 31 9 18 625 31 11 18 623 31
15 31 17 20
Hansen et al. 7 USA 589 411 60 17 529 394 - - - - 62 16 527 395
Céceres et al. 8 Colombia 32 51 15 31 17 20 15 31 17 20 - - - -
Jitmuang et al. 9 USA 51 9 51 9 0 0 51 9 0 0 49 7 2 2 0 0 51 9
Rugemalilaetal. 10 Tanzania 319 0 0 0 319 0 64 - 255 - 63 - 256 - - - - -
Kabanda et al. 11 Uganda 0 112 0 47 0 65 0 47 0 65 0 47 0 64 - - - -
McMullanetal. 12 Australia 106 42 56 9 50 33 56 9 50 33 51 9 55 33 - - - -
Escandon et al. 13 Colombia 421 0 0 0 421 0 29 - 392 - 16 - 405 - - - - -
Jarvis et al. 14 Soun 62 o 6 o o0 o 6 - 1 - - - - - & - 0 -
Africa
Suwantaratetal. 15 USA 396 651 57 62 339 589 - - - - 39 51 357 600

LA, Latex Agglutination; EIA, Enzyme Immunoassay; LFA, Lateral Flow Assay; Ref., Reference; S, Serum; CSF, Cerebrospinal fluid.

This article is protected by copyright. All rights reserved.



TABLE 3 Studies that used LFA to identify CrAg in HIV-positive patients.®***

Author Ref. Country g:t.i::lts Gender I;Q;an CD4 count ART Symptom Clinical sample CrAg
M w <100 <200 >200 WB CSF Plasma  Serum Urine

Coetzee et al. 30 South Africa 24,527 A H 5.4%
Temfack et al. 31 Cameroon 186 60 126 38.2 A - No 23 12/186 14/186  42/186  7.5%
Sawadogo etal. 32 Namibia 825 440 374 38 519 A 3.3%
Vidal et al. 33 Brazil 163 99 64 38.4 128 121+ No A 3.1%
Mamuye et al. 34 Ethiopia 198 105 93 36.7 94 130+ 16CM 18/198 12/198  9.1%
Smith et al. 35 Vietnam 226 A - No A 4.0%
Williams et al. 36 Uganda 207 125 82 36 105+ 149CD 149/207  138/207  149/207  149/207 2%
Magambo etal. 37 Tanzania 140 59 81 36 72 A - 10/140 44/140 7.1%
Thomsen et al. 38 Gine Bissau 200 84 116 35 A - 20/200 10%
Ezeanolueetal. 39 Nigeria 2,752 1182 1570 1451 A - A 2.3%
Goni et al. 40 s?grgr‘f:“em 215 89 126 a7 73 107+ A 16.7%
Drain et al. 41 Kwazulu-Natal ~ 432 260 172 36 A - A 9%
Reepalu et al. 42 Ethiopia 129 46 83 35 29 57 72 - A 1.6%
Vidal et al. 43 Brazil 20 12 8 39.9 A 15+ CM 19/20 19/20 19/20 16/20 95%
McKenney etal. 44 USA 1872 39 A No A 2.9%

LFA, Lateral Flow Assay; CrAg, Cryptococcal antigen; Ref., References; M, Men; W, Women; WB, Whole Blood; CSF, Cerebrospinal Fluid; A, All; ART, Anti-retroviral therapy; CM,
Cryptococcus meningoencephalitis; CD, Cryptococcus disease.
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