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Abstract 

 

Background 

Cryptococcal antigen (CrAg) screening at point of care could improve cryptococcal 

meningitis prevention where laboratory resources are limited. We evaluated the accuracy of 

Immuno-Mycologics (IMMY, Norman, OK) CrAg lateral flow assay (LFA) using different 

techniques at point of care. 

Setting 

Two tertiary-level hospitals in Johannesburg and a community health clinic in Soweto, South 

Africa. 

Methods 

A case-control diagnostic validation study, and a prospective clinic-based implementation 

study using the IMMY CrAg LFA on finger-prick blood. Accuracy, using direct application of 

LFA to sample, or pipette to transfer sample to diluent, and reading after 10 and 20 minutes, 

was compared to laboratory-based plasma testing. 

Results 

The validation study tested 64 CrAg-positive and 152 CrAg-negative patients with no 

symptoms or signs of meningitis, identified by routine laboratory screening, recruited by 

convenience sampling. Consecutively-diagnosed HIV-infected adults (n=654) were included 

in the implementation study. Sensitivity was 82% and 20% when the LFA was read 10 

minutes after direct application to finger-prick blood in the validation and implementation 
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studies respectively. Using a pipette to transfer blood and reading after 20 minutes 

improved sensitivity to 100%, while retaining 100% specificity, in both studies. 

Conclusions 

Although the IMMY CrAg LFA performs well when applied directly to finger-prick blood for 

diagnosing cryptococcal meningitis, this technique may not provide adequate volume to 

detect low concentrations of CrAg when screening asymptomatic patients. Using a pipette 

to transfer larger volumes of blood to diluent prior to CrAg LFA testing and reading results 

after 20 minutes is a more reliable point-of-care method. 

 

Keywords: meningitis, cryptococcal; cryptococcus; antigens; prevention & control; point-of-

care systems; diagnostic techniques and procedures; sensitivity and specificity 

 

Introduction 

Cryptococcal antigen (CrAg) screening and pre-emptive treatment of CrAg-positive patients with 

fluconazole, prevents cryptococcal meningitis and death in HIV-infected adults with low CD4+ T-

lymphocyte (CD4) counts (1,2). This strategy has been incorporated into HIV management 

guidelines(3,4) and implemented in several countries where cryptococcal meningitis remains a 

major problem. However, a predominantly laboratory-based approach to CrAg screening may 

undermine the potential for earlier detection of disease by introducing a delay between testing 

and action, particularly where access to laboratory facilities is limited. The IMMY CrAg LFA has 

been designed for use at the point of care according to WHO ‘ASSURED’ criteria: affordable, 
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sensitive, specific, user-friendly tests that are rapid, robust, equipment free, and deliverable to 

end-users(5). Although accurate when used on finger-prick blood samples of hospitalised 

patients with suspected cryptococcal meningitis(6), there is limited evidence of accuracy when 

used to screen patients for cryptococcal antigenaemia attending HIV clinics. 

To be effective, CrAg screening programmes must ensure rapid treatment of CrAg-positive 

patients with antifungal therapy whilst allowing efficient initiation of antiretroviral therapy 

(ART). In South Africa, blood samples sent to National Health Laboratory Service (NHLS) 

laboratories are routinely screened for CrAg if the CD4 count is <100 cells/µL. However, around 

20% of CrAg-positive patients never receive their result and of those that do, 59% have 

symptoms of meningitis by the time of assessment (median delay 8 days) (7). Additionally, 

clinicians must delay starting ART pending CrAg results to avoid risk of cryptococcal immune 

reconstitution inflammatory syndrome (IRIS). Delayed ART in patients with low CD4 counts 

increases the risk of progression to AIDS and death (8,9). 

The IMMY CrAg LFA could address linkage problems to both antifungal treatment and ART if 

used on finger-prick blood at the point of care (unlabeled use). We investigated accuracy in this 

context using a case-control diagnostic validation study (10) of CrAg-positive and –negative 

patients and a clinic-based implementation study evaluating point-of-care (POC) CrAg screening 

for newly-diagnosed HIV-seropositive adults.  

Methods 

For the validation study, we performed POC CrAg tests on CrAg-positive and –negative HIV-

infected adults (>18 years) identified by laboratory-based CrAg screening following attendance 

at Helen Joseph and Tambo Memorial Hospitals in Johannesburg (inpatients or outpatient clinic) 

between July 2015 and February 2018. Patients with a severe headache or confusion, or who 
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were on antifungal treatment for previous cryptococcal meningitis were excluded. During an 

implementation study, we then introduced POC CrAg tests for consecutively-diagnosed HIV-

seropositive adults attending a community health clinic in Soweto between September 2016 

and February 2018, who were not taking ART or antifungal treatment for previous cryptococcal 

meningitis. 

Ethical approval for the studies was granted by the London School of Hygiene and Tropical 

Medicine, United Kingdom and the University of the Witwatersrand, South Africa. The initial 

method used (from July 2015) for testing finger-prick blood samples in both studies involved 

applying the tip of the LFA strip to finger-prick blood samples obtained using a sterile 1.5 mm 

lancet. Study personnel were instructed to acquire a finger-prick blood sample of at least 2 mm 

diameter prior to applying the tip of the LFA strip to absorb the blood. The LFA strip was then 

added to the diluent. Results were read after the recommended 10-minute incubation time and 

also after 20 minutes from May 2016. An alternative sampling technique using a disposable 40 

µL pipette (HAIN Lifescience, South Africa) to transfer and mix finger-prick blood with diluent 

was used between July 2017 and February 2018, and results read after 10 and 20 minutes (see 

supplementary digital content 1, http://links.lww.com/QAI/B163 description of techniques).  

For both studies, the reference standard was an IMMY CrAg LFA performed on plasma (used 

routinely in South Africa) obtained from an ethylene-diamine-tetraacetic acid (EDTA)-containing 

blood sample drawn on the same day as the POC tests and tested in a laboratory at the National 
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CrAg LFA tests were performed and read by one of two study nurses at point of care in the 

validation study and a study nurse or phlebotomist in the intervention study, and one of three 

investigators at NICD. All study personnel received training, and completed verification panels to 

confirm competence. Study personnel were aware of the CrAg status of patients in the 

validation study, but blinded to POC CrAg result in the implementation study.  

If the reference standard result was different to that obtained at the NHLS laboratory or at point 

of care, an IMMY CrAg enzyme immunoassay (EIA), using the same monoclonal antibodies for 

detection as the LFA(11) was performed on the same sample, and the result used to adjust 

patient management. If the reference standard result differed from the EIA result, this patient 

was excluded from the study owing to indeterminate CrAg status. Reference standard results 

were then used to calculate sensitivity, specificity and kappa statistic for each technique. 

Results 

Of 493 patients screened, 232 patients with CD4 counts <100 cells/µL were enrolled, and 216 

patients (64 CrAg-positive and 152 CrAg-negative) were included in the validation study. Of 2130 

newly diagnosed HIV-infected adults attending the primary health clinic, we enrolled 679 into 

the implementation study, of whom 654 were included (Figure 1). Median CD4 count in the 

implementation study was 236 cells/µl (IQR 98 – 414); 155/614 (25%) had a CD4 count <100 

cells/µL. Overall 9 (1.5%) patients were found to be CrAg-positive (3.9%, 6/155 with CD4 count 

<100 cells µL) by reference standard testing. 

The accuracy of the IMMY CrAg LFA using both techniques is reported in Table 1. The LFA had 

reduced sensitivity compared to the reference standard when read 10 minutes after direct 

application to finger-prick samples (82%, 95% CI 68%-91%, [40/49] and 20%, 95% CI 0.5%-72% 

[1/5] in the validation and implementation studies respectively). Using a pipette to test finger-
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prick blood and extending reading time to 20 minutes improved sensitivity to 100%, while 

retaining 100% specificity, in both studies. 

In the validation study, median plasma CrAg titre was 1:40 (IQR 1:10 – 1:640); lower among 

patients who had false-negative than true-positive POC results (median 1:5, IQR 1:1 – 1:10 vs. 

1:80, IQR 1:20 – 1:960, p<0.001) when read 10 minutes following direct application of LFA to 

blood (Supplementary Digital Content 2, http://links.lww.com/QAI/B163 clinical details and 

photos of POC tests). In the implementation study, CrAg titres performed on fresh plasma were 

≤1:40 for three patients with false-negative POC results. For those with true-positive POC results 

using a pipette, CrAg titres were ≤1:20 for two of four, and >1:2560 for the other two CrAg-

positive patients, who had cryptococcal meningitis confirmed by LP. All four of these patients 

received antifungal treatment on the same day and were alive at one month (Supplementary 

Digital Content 3, http://links.lww.com/QAI/B163 clinical details and photos of POC tests). 

Discussion 

The results of both studies show that directly applying the IMMY CrAg LFA to finger-prick blood 

resulted in reduced sensitivity compared to the reference standard of laboratory-based CrAg 

LFA on plasma. However, introduction of a pipette to transfer and mix finger-prick blood with 

the diluent prior to testing, and reading the result after 20 minutes  improved sensitivity to 

100% in both studies, whilst maintaining specificity at 100%.  

Direct application of LFA to finger-prick blood has previously been found to be a suitable 

technique for diagnosing cryptococcal meningitis at the point of care. A case-control diagnostic 

accuracy study in South Africa tested 158 patients with cryptococcal meningitis and 99 without 

using this technique and found a sensitivity of 99% compared to cerebrospinal fluid culture or 

CrAg latex agglutination(6). A diagnostic accuracy study in Uganda used this technique to test 
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207 HIV-infected adults with suspected meningitis and found 100% agreement between finger-

prick sample and serum or plasma for identifying CrAg(12).  

However, while patients with cryptococcal meningitis in these prior studies were likely to have 

CrAg concentrations well above the published detection limit of the IMMY CrAg LFA, (12,13) the 

asymptomatic or minimally-symptomatic individuals enrolled in our studies had low CrAg titres 

(median 1:40). Improved accuracy of the CrAg LFA with a pipette and extended reading time is 

likely due to testing a larger volume of blood for a time period which is adequate to detect 

lower concentrations of CrAg in the context of screening.  

Previous studies using the IMMY CrAg LFA for POC screening have also found variation using 

different methods. A prospective screening study in Cape Town found the IMMY CrAg LFA had 

100% concordance with plasma or serum when used on whole blood from 192 HIV-infected 

adults with CD4 counts <100 cells/µL(2). However, venous (and not finger-prick) blood was used 

for a majority of these tests. In Tanzania, CrAg screening (applying LFA directly to finger-prick 

blood) was implemented in seven HIV clinics, and results compared to laboratory-based plasma 

testing(14). Of 12 CrAg-positive patients identified, 3 (25%) had false-negative results using 

finger-prick blood (Gladys Mbwanji, Ifakara Health Institute, personal communication). In 

Zimbabwe, CrAg screening using the same technique was introduced for asymptomatic patients 

with CD4 counts ≤100 cells/µL in 20 HIV clinics. Sensitivity was 48% (61/128) compared to 

laboratory-based serum testing and as in our study, sensitivity improved when testing patients 

with higher CrAg titres (82% if titre ≥160)(15). No studies to date have assessed the accuracy of 

the IMMY CrAg LFA for screening patients using a pipette to transfer finger-prick blood. 

However, in Lesotho, POC CrAg screening (without a laboratory-based reference standard) using 

a pipette identified 14/129 (11%) CrAg-positive patients with a CD4 count <100 cells/mm
3
, 12 of 

whom were asymptomatic at the time of testing(16). 
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These studies investigated accuracy of the IMMY CrAg LFA and applicability of our findings to 

other CrAg LFAs is not known. However, the mechanistic problem of detecting lower CrAg titers 

with smaller sample volumes in the context of POC CrAg screening is likely to have a similar 

effect on other LFAs. Case-control diagnostic accuracy studies are limited in determining 

accuracy since the prevalence of disease is higher than in the intended screening population. In 

addition, readers were not blinded to the result of the index test. The clinic-based 

implementation study addressed these limitations by performing CrAg screening on all newly-

diagnosed HIV-seropositive patients, with no prior CrAg testing and regardless of CD4 count. 

However, the number of patients tested was relatively small. Additionally, the prevalence of 

cryptococcal antigenaemia in this population (1.5%) was below that in most screening 

programmes where a CD4 cut-off of <100 cells/µL is used.  

Despite these limitations, these studies highlight significant loss of accuracy when the IMMY 

CrAg LFA is applied directly to finger-prick samples at the point of care, which improved when 

using a disposable 40µL pipette and reading the test strip after 20 minutes. Our study also 

demonstrated that POC CrAg screening performed by a trained nurse or phlebotomist in a busy 

urban community health clinic was feasible and resulted in all CrAg-positive patients receiving 

assessment and appropriate antifungal treatment on the same day as screening. Although 

pipettes may not always be readily available in low-resource settings, many POC tests available 

in HIV clinics use capillary tube systems, which could also be used to deliver the correct volume 

of blood for CrAg testing(17). An additional benefit of using a graduated pipette or 

microcapillary tube would be the ability to perform serial dilutions, to measure titer or to 

exclude false negative results due to a high-dose ‘hook’ effect previously described(18). These  

additional tests would have important management implications(19,20), however were not 

investigated as part of this study. 
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Performing CrAg screening tests at the point of care for HIV-infected adults initiating ART could 

improve the efficient delivery of antifungal medicines and ART to those in urgent need, and 

reduce preventable disease and death caused by cryptococcosis. CrAg screening using a pipette 

to sample finger-prick blood and reading the result at 20 minutes should be implemented in 

areas which lack laboratory infrastructure to provide results that are not only rapid, robust and 

affordable but also accurate at the point of care.  

 

Acknowledgements: RW designed and implemented studies and wrote the manuscript; JJ, TH 

and NG contributed to study design and manuscript writing.  

Data collection was performed by: Neo Legare, Matshediso Mkhwanazi, Siphiwe Kuta, Pule 

Seatlanyane, Tracey Shabangu, Ivy Rukasha and Nozuko Blasich. 

References 

1.  Mfinanga S, Chanda D, Kivuyo SL, Guinness L, Bottomley C, Simms V, et al. 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. The Lancet. 2015 May;385(9983):2173–82.  

2.  Longley N, Jarvis JN, Meintjes G, Boulle A, Cross A, Kelly N, et al. Cryptococcal antigen 

screening in patients initiating ART in South Africa: a prospective cohort study. Clin Infect 

Dis. 2016 Mar 1;62(5):581–7.  

3.  WHO. Guidelines for managing advanced HIV disease and rapid initiation of antiretroviral 

therapy. Geneva: World Health Organisation; 2017 Jul.  

4.  Department of Health, South Africa. National consolidated guidelines for the prevention of 

mother-to-child transmission of HIV (PMTCT) and the management of HIV in children, 

adolescents and adults. Pretoria, South Africa: Department of Health; 2015.  

5.  Roy M, Chiller T. Preventing deaths from cryptococcal meningitis: from bench to bedside. 

Expert Rev Anti Infect Ther. 9(9):715–7.  

6.  Govender N, Zulu T, Lawrie D, Bosman N, Nana T, Govender N, et al. Detection of 

cryptococal antigenaemia from whole blood samples for rapid diagnosis of cryptococcal 

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



12 

 

disease among HIV-infected adults in South Africa. Poster presented at: IAS; 2013; Kuala 

Lumpur, Malaysia.  

7.  Govender N, Sriruttan C, Greene G, Matlapeng P, Adelekan A, Maotoe T, et al. Evaluation 

of Reflex Laboratory Cryptococcal Disease Screening, South Africa, 2012-2015. Poster 

WEPEB032 presented at: IAS; 2016 Jul 18; Durban.  

8.  Egger M, May M, Chêne G, Phillips AN, Ledergerber B, Dabis F, et al. Prognosis of HIV-1-

infected patients starting highly active antiretroviral therapy: a collaborative analysis of 

prospective studies. The Lancet. 2002 Jul;360(9327):119–29.  

9.  Gupta A, Nadkarni G, Yang W-T, Chandrasekhar A, Gupte N, Bisson GP, et al. Early 

Mortality in Adults Initiating Antiretroviral Therapy (ART) in Low- and Middle-Income 

Countries (LMIC): A Systematic Review and Meta-Analysis. Zhang C, editor. PLoS ONE. 2011 

Dec 29;6(12):e28691.  

10.  Rutjes AWS. Case-Control and Two-Gate Designs in Diagnostic Accuracy Studies. Clin Chem. 

2005 Aug 1;51(8):1335–41.  

11.  Percival A, Thorkildson P, Kozel TR. Monoclonal antibodies specific for immunorecessive 

epitopes of glucuronoxylomannan, the major capsular polysaccharide of Cryptococcus 

neoformans, reduce serotype bias in an immunoassay for cryptococcal antigen. Clin 

Vaccine Immunol CVI. 2011 Aug;18(8):1292–6.  

12.  Williams DA, Kiiza T, Kwizera R, Kiggundu R, Velamakanni S, Meya DB, et al. Evaluation of 

Fingerstick Cryptococcal Antigen Lateral Flow Assay in HIV-Infected Persons: A Diagnostic 

Accuracy Study. Clin Infect Dis Off Publ Infect Dis Soc Am. 2015 Apr 1;  

13.  Mamuye AT, Bornstein E, Temesgen O, Blumberg HM, Kempker RR. Point-of-Care Testing 

for Cryptococcal Disease Among Hospitalized Human Immunodeficiency Virus-Infected 

Adults in Ethiopia. Am J Trop Med Hyg. 2016 Oct 5;95(4):786–92.  

14.  Mbwanji G, Faini D, Nyuri A, Katende A, Kalinjuma A, Mnzava D, et al. Implementing CrAg 

Screening among HIV Patients Initiating ART in Rural HIV Clinics with no CD4 Testing 

Services in Tanzania. Poster 13 presented at: 2nd EMBO Workshop on AIDS-Related 

Mycoses; 2016 Jul 13; Cape Town.  

15.  Makadzange A, Boyd K, Machekano R, Hlupeni A, Chagumaira T, Ross C, et al. Sensitivity 

and Specificity of Point-of-Care Cryptococcal Antigen Testing on Fingerprick and Urine 

specimens among Asymptomatic HIV-infected Individuals with CD4 <=100 cells/uL. Poster 

presented at: 19th International Conference on AIDS and STIs in Africa; 2017 Dec 4; Cote 

D’Ivoire.  

16.  Rick F, Niyibizi AA, Shroufi A, Onami K, Steele S-J, Kuleile M, et al. Cryptococcal antigen 

screening by lay cadres using a rapid test at the point of care: A feasibility study in rural 

Lesotho. Adam RD, editor. PLOS ONE. 2017 Sep 6;12(9):e0183656.  

17.  Haleyur Giri Setty MK, Hewlett IK. Point of Care Technologies for HIV. AIDS Res Treat. 

2014;2014:1–20.  

ACCEPTED

Copyright � 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



13 

 

18.  Lourens A, Jarvis JN, Meintjes G, Samuel CM. Rapid Diagnosis of Cryptococcal Meningitis by 

Use of Lateral Flow Assay on Cerebrospinal Fluid Samples: Influence of the High-Dose 

“Hook” Effect. J Clin Microbiol. 2014 Dec 1;52(12):4172–5.  

19.  Wake RM, Britz E, Sriruttan C, Rukasha I, Omar T, Spencer DC, et al. High Cryptococcal 

Antigen Titers in Blood Are Predictive of Subclinical Cryptococcal Meningitis Among Human 

Immunodeficiency Virus-Infected Patients. Clin Infect Dis. 2018 Feb 15;66(5):686–92.  

20.  Lee G, Arthur I, Leung M. False-Negative Serum Cryptococcal Lateral Flow Assay Result Due 

to the Prozone Phenomenon. Warnock DW, editor. J Clin Microbiol. 2018 Jan 

24;56(4):e01878-17.  

 

 

Figure legend 

Figure 1 Flow charts to show enrolment and testing procedures in the a) case-control 

diagnostic accuracy study and b) clinic-based implementation study. Abbreviations: CrAg = 

cryptococcal antigen; LFA = lateral flow assay; POC = point of care; IMMY = 

Immnomycologics; EIA = enzyme immunoassay. 

*All were CrAg-positive on routine screening, but CrAg-negative at point of care and when 

the reference standard CrAg LFA was repeated at enrolment and/or on confirmatory EIA 

(median 17 days after routine screening, IQR, 8 – 26, 12 had received fluconazole, all of 8 

LPs performed were negative) 

**CrAg LFA result indeterminate at point of care, reference standard CrAg LFA positive, 

confirmatory CrAg EIA negative (no delay or treatment between tests) 
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Table 1 Accuracy and kappa statistic for IMMY CrAg LFA performed at point of care by direct application of finger-prick 

blood samples to the LFA strip and by transferring blood to diluent using a disposable pipette, compared to the reference 

standard of IMMY CrAg LFA performed on settled plasma in the laboratory in a) a case-control diagnostic accuracy study 

and b) a clinic-based implementation study  

  No. 

tested 

 Sensitivity %, (no.), 95% CI Specificity %, (no.), 95% CI Kappa value 

(95% CI) 

a) Case-control Diagnostic Accuracy Study 

IMMY CrAg LFA strip applied to finger-prick blood sample (July 2015 – June 2017) 

10 minutes 176 82% (40/49), 68% – 91% 100% (127/127), 97% - 100% 0.87 (0.78 – 0.95) 

20 minutes 74 100% (14/14), 77%-100% 100% (60/60), 94%-100% 1.0 (1.0 – 1.0) 

IMMY CrAg LFA performed on finger-prick blood sample added to diluent with a disposable pipette (July 

2017 – February 2018) 

10 minutes 27 95% (14/15*), 68% - 100% 100% (25/25), 86% - 100% 0.9 (0.8 – 1.0) 

20 minutes 27 100% (15/15), 78% - 100% 100% (24/24), 86% - 100% 1.0 (1.0 – 1.0) 

b) Clinic-based POC CrAg Screening Implementation Study 

POC IMMY CrAg LFA strip applied to finger-prick blood sample (September 2016 – June 2017) 

10 minutes 420 20% (1/5), 0.5% - 72% 100% (415/415), 99% - 100% 0.33 (-0.15 – 0.82) 

20 minutes 420 20% (1/5), 0.5% - 72% 100% (414/414), 99%-100% 0.33 (-0.15 – 0.82) 

POC IMMY CrAg LFA performed on finger-prick blood sample added to diluent with a disposable pipette 

(July 2017 – February 2018) 

10 minutes 235 100% (4/4), 40% – 100%) 100% (230/231†), 98% - 100% 0.89 (0.7 – 1.0) 

20 minutes 235 100% (4/4), 40% – 100% 100% (230/231†), 98% - 100%) 0.89 (0.7 – 1.0) 

Abbreviations: CI = confidence interval; POC = point of care; IMMY = Immunomycologics; CrAg = cryptococcal 

anigen; LFA = lateral flow assay. Exact binomial 95% confidence intervals are given.m 

*CrAg titer for the false negative CrAg tests when using a pipette to transfer finger-prick blood to diluent, and 

read after 10 minutes was 10. This was read as positive at 20 minutes. 

†No reason was found for the false posi?ve result at point of care. A repeat POC test three days later was 

negative. 
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