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Abstract 

Background: HIV-associated cryptococcal meningitis is the leading cause of adult meningitis in 

Sub-Saharan Africa, accounting for 10%-20% of AIDS-attributable mortality. The development 

of point-of-care assays has greatly improved the screening and diagnosis of cryptococcal disease. 

We evaluated a point-of-care immunoassay, StrongStep (Liming Bio, Nanjing, Jiangsu, China) 

lateral flow assay (LFA), for cryptococcal antigen (CrAg) detection in cerebrospinal fluid (CSF) 

and plasma.  

Methods: We retrospectively tested 143 CSF and 77 plasma samples collected from HIV-

seropositive individuals with suspected meningitis from 2010-2016 in Uganda. We also 

prospectively tested 90 plasma samples collected from HIV-seropositive individuals with CD4 

cell count <100 cells/μL as part of a cryptococcal antigenemia screening program. The 

StrongStep LFA was tested against the Immy CrAg (Immy, Inc., Norman, OK, USA) LFA and 

CSF culture, when available, for participants with meningitis. 

Results: The StrongStep LFA had a sensitivity of 98% (54/55) and specificity of 90% (101/112) 

in plasma. When tested on CSF, the StrongStep LFA had a sensitivity of 100% (100/100) and 

specificity of 95% (41/43). Adjusting for the cryptococcal antigenemia prevalence of 9% in 

Uganda and average cryptococcal meningitis prevalence of 37% in Sub-Saharan Africa, the 

positive predictive value of the StrongStep LFA was 50% in plasma and 93% in CSF.  In lower 

prevalence settings, a majority of positive results from plasma and serum would be expected to 

be false positives. 

Conclusions: The StrongStep CrAg LFA is a sensitive assay with poor specificity. Human anti-

mouse antibodies may be a cause of false positives. 



3 
 

Introduction 

HIV-associated cryptococcal meningitis is the leading cause of adult meningitis in Sub-

Saharan Africa and accounts for 10%–20% of AIDS-attributable mortality [1-3].The global 

prevalence of asymptomatic cryptococcal antigenemia (CrAg) in HIV-seropositive individuals 

averages approximately 6% with an estimated prevalence of 8.8% in Kampala, Uganda [1]. 

Screening and preemptive treatment of cryptococcal antigenemia is a cost effective method of 

averting cases of cryptococcal meningitis [4, 5]. Therefore, the World Health Organization and 

Ugandan National HIV treatment Guidelines recommend screening all HIV-seropositive 

individuals with a CD4 cell count <100cells/μL for the presence of cryptococcal antigen, 

followed by preemptive fluconazole therapy [6, 7]. Despite recent advancements in diagnostic 

tools, CrAg screening, as well as the rapid and accurate diagnosis of cryptococcal meningitis 

remain a challenge. Due to the unavailability of point-of-care assays and interruptions in the 

supply chain, there exists unreliable, non-continuous screening and lack of expertise and/or 

laboratory facilities for CrAg testing in resource-limited settings [4, 8, 9]. 

In July 2011, a lateral flow immunochromatographic assay (Immy, Inc., Norman, OK, USA) 

was approved by the US Food and Drug Administration for CrAg detection in CSF and plasma. 

The Immy CrAg LFA provides a definitive result (positive/negative) in ≤15 minutes and has 

demonstrated superior diagnostic performance with a sensitivity of 99.3% and specificity of 

99.1% in multiple validation studies [10-12]. 

We evaluated a point-of-care immunoassay, StrongStep (Liming Bio, Nanjing, Jiangsu, 

China), for CrAg detection in CSF and plasma. The StrongStep LFA was tested against the 

Immy CrAg LFA (Immy, Inc, Norman, Oklahoma, USA) and CSF fungal quantitative cultures 

when available for participants with suspected meningitis. 
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Methods  

Study Design 

 We evaluated the diagnostic performance of the StrongStep CrAg rapid test device by 

retrospectively and prospectively testing CrAg positive and CrAg negative CSF and plasma 

samples. Stored samples collected from HIV-seropositive participants between 2010-2016 at 

Mulago Hospital in Kampala and Mbarara Regional Referral Hospital in Mbarara, Uganda from 

three cohorts; Timing of Antiretroviral Therapy After Diagnosis of Cryptococcal meningitis 

(COAT) [13], Predictors of Neurocognitive Outcomes on Antiretroviral Therapy After 

Cryptococcal Meningitis: a Prospective Cohort Study (NOAT) [14], and Adjunctive Sertraline 

for the Treatment of HIV-Associated Cryptococcal Meningitis (ASTRO-CM) [15]. We also 

prospectively tested samples collected from the Integration of Community-Based Cryptococcal 

Antigen Screening into Routine HIV Care in Uganda (ORCAS 2.0). Cryptococcal antigen 

detection was confirmed by the Immy CrAg LFA and quantitative CSF culture for participants 

with meningitis. All participants provided written informed consent to store their samples for 

future diagnostic meningitis studies. Ethical approval was granted from the Uganda National 

Council of Science and Technology, Mulago Hospital Research and Ethics Committee, Makerere 

University Institutional Review Board, and the University of Minnesota.  

The CrAg Immunoassay  

The CrAg Immunoassay kit, StrongStep, is an immunochromatographic assay impregnated with 

monoclonal mouse antibodies with the ability to detect the capsular polysaccharide antigen of 

Cryptococcus neoformans and Cryptococcus gattii. The StrongStep assay was performed 

following the manufacturer’s instructions. Briefly, two drops (80μl) of CSF or plasma were 

added to the LFA test well, ensuring that no air bubbles were trapped in the well, and results 
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were recorded after ten minutes. The Immy LFA was performed following the manufacturer’s 

instructions. One drop (40μl) of specimen was added to the dipstick and inserted into a container 

containing 40μl of the assay diluent and results were read after 10 minutes.  

Qualitative validation 

All retrospective CSF and plasma samples that were tested had been stored at -80°C. Frozen 

samples were completely thawed and kept at room temperature, for no longer than one hour, 

prior to testing. Prospectively, plasma samples were collected in EDTA coated vacuum 

containers and stored for <2 days at 4°C prior to testing.  

In vitro Analytical Sensitivity  

Semi-quantitative titration was performed on the StrongStep CrAg LFA using the Immy 

CrAg positive control (Glycine-buffered saline spiked with cryptococcal glucuronoxylomannan 

antigen). Dilutions were prepared with an initial dilution of 1:40, followed by 1:2 serial dilutions 

to 1:5120. Semi-Quantitative titration was performed simultaneously on the IMMY and 

StrongStep LFA and repeated in triplicate with results verified by three independent readers. 

Clinical information was not accessible to the independent readers. 

Data analysis 

The diagnostic performance (sensitivity, specificity, positive predictive (PPV), and negative 

predictive values (NPV)) of the StrongStep LFA was compared to the Immy LFA and CSF 

culture results, when available for persons with meningitis. For plasma samples, the PPV and 

NPV were calculated to adjust for the cryptococcal antigenemia prevalence of 9% in HIV-

seropositive persons with CD4<100 cell/μL in Kampala, Uganda [4]. We also used a pooled 

average of 37% prevalence of cryptococcal meningitis in Sub-Saharan Africa to adjust for the 

PPV and NPV of cryptococcal antigen detection in CSF [16]. Adjusted PPV and NPV based on 

disease prevalence were calculated using Bayes Theorem (PPV=Sensitivity x 
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prevalence/sensitivity x prevalence + (1-specificity) x (1-prevalence)). We compared the 

StrongStep LFA to the Immy LFA for all CSF and plasma samples tested. There was CSF 

culture data available for 119 of 143 CSF samples and 54 of 167 plasma samples tested. One 

CSF and one plasma sample had a negative test result by Immy LFA, but had a positive CSF 

culture and a clinical diagnosis of cryptococcal meningitis. Nine CSF samples were CSF culture 

negative, but CrAg positive by Immy LFA and with a clinical diagnosis of cryptococcal 

meningitis. The CrAg LFA is noted to be more diagnostically sensitive than quantitative CSF 

culture and is therefore used as the reference test for early, culture negative cryptococcal 

meningitis [10]. Data was analyzed using R version 3.2.1 (2015-June-18). 

Results 

We tested a total of 310 samples (143 CSF and 167 plasma) from 282 participants (28 

participants contributed both CSF and plasma samples). There were 155 confirmed cases of 

cryptococcal disease (100 CSF and 55 plasma) and 155 cases of non-cryptococcal disease (43 

CSF and 112 plasma). Of the 236 samples with identifiers, 47.5% (112/236) were male. The 

median age was 32 years (interquartile range (IQR); 28 to 40) with a median CD4 count of 29 

cells/L (IQR; 9 to 73). 

We found that the CrAg Immunoassay, StrongStep had a sensitivity of 98% (54/55) and 

specificity of 90% (101/112) in plasma. When tested on CSF, the StrongStep had a sensitivity of 

100% (100/100) and specificity of 95% (41/43) (Table 1). Adjusting for the cryptococcal 

antigenemia prevalence of approximately 9% in Kampala, Uganda and cryptococcal meningitis 

prevalence of 37% in Sub-Saharan Africa, the adjusted PPV of the StrongStep LFA reduced to 

50% in plasma and 93% in CSF; the adjusted NPV was 100% in both plasma and CSF. 
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Table 1: Performance characteristics of the StrongStep LFA in Uganda.  

      

Specimen Type N Sensitivity Specificity Adjusted PPV Adjusted NPV 

CSF 143 100% (100/100) 95% (41/43) 92.70% 100% 

Plasma 167 98% (54/55) 90% (101/112) 49.70% 99.80% 

Data are presented as percentage and numerator/denominator. PPV=positive Predictive value, NPV=negative 

predictive value. The adjusted PPV and adjusted NPV are calculated for a CrAg antigenemia prevalence of 

9% in Kampala, Uganda and cryptococcal meningitis prevalence of 37% in Sub-Saharan Africa. 

 

The StrongStep LFA correctly identified all negative CSF samples as true negative results. 

However, the Strongstep LFA misclassified 2 CSF samples and 11 plasma samples as a false 

positive result. Two plasma samples were misclassified as a false negative result (Table 2).  

 

Table 2: Characteristics of CSF and Plasma specimens misclassified by the StrongStep LFA. 

 

Specimen Cohort N StrongStep 

CrAg LFA 

result 

Immy CrAg 

LFA result 

(CSF/Plasma) 

Quantitative 

CSF culture 

result 

Clinical 

Diagnosis 

Classification 

CSF ASTRO 1 + -/NA NA Non-

Cryptococcal 

Meningitis 

False Positive 

CSF COAT 1 + -/NA - Non-

Cryptococcal 

Meningitis 

False Positive 

Plasma NOAT 1 - +/- + Cryptococcal 

Meningitis 

False Negative 

Plasma NOAT 2 + -/- - Non-

Cryptococcal 

Meningitis 

False Positive 

Plasma ORCAS 9 + NA/- N/A Cryptococcal 

Antigenemia 

False Positive 

CSF; cerebrospinal Fluid, N; number of specimens, CrAg; cryptococcal antigen, LFA; lateral flow 

immunochromatographic assay,(-); negative, (+); positive, NA; not available 

 

We also performed the semi-quantitative titration procedure on the StrongStep LFA in 

order to determine the degree of sensitivity in detecting cryptococcal antigen at various dilutions. 

The StrongStep LFA and the Immy LFA were tested simultaneously on three separate titrations 

and using the same dilution specimen. We found that the StrongStep assay repeatedly gave 
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positive test results up to dilutions of 1:1280 as compared to the Immy LFA, which gave positive 

test results up to dilutions of 1:160 (Table 3).The StrongStep LFA read as high as a dilution of 

1:5120 on one replicate, while the Immy LFA read as high as 1:320 on one replicate.  

 

Table 3: Semi-Quantitative Titration of the StrongStep LFA compared to the Immy LFA. 

 Test 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560 1:5120 

Immy 1 + + + -         

Immy 2 + + + + -    

Immy 3 + + + -         

StrongStep 1 + + + + + + -  

StrongStep2 + + + + + + -   

StrongStep 3 + + + + + + + - 

Semi-Quantitative titration was performed using the Immy CrAg positive control with an 

initial dilution of 1:40, followed by 1:2 serial dilutions up to 1:5120. +; positive test result, -; 

negative test result; blank; dilution not done. 

 

Discussion 

This study evaluated the diagnostic performance of the StrongStep CrAg LFA, compared to 

the Immy CrAg LFA, in detecting the presence of cryptococcal antigen in both CSF and plasma 

specimens collected from HIV-infected participants in Uganda. The StrongStep LFA was found 

to have a sensitivity of 100% and specificity of 95% in CSF with a PPV of 98% and NPV of 

100%. However, in plasma, the StrongStep LFA was found to have a sensitivity of 98% and 

specificity of 90%. When adjusting for disease prevalence, the PPV of the StrongStep in plasma 

was only 50%, whereas the PPV only slightly reduced in CSF to 93%. Notably, we demonstrated 

that the StrongStep LFA has higher analytical sensitivity than the Immy CrAg LFA at the cost of 

specificity with frequent false positives.  

 The implementation of a national CrAg screening program for early diagnosis and 

preemptive antifungal therapy is of utmost importance given the high mortality rates associated 
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with cryptococcal meningitis [1]. Widespread access to point of care diagnostics is paramount 

for the rapid and accurate diagnosis of cryptococcal disease, including cryptococcal antigenemia 

and cryptococcal meningitis. The CrAg Immunoassay, Strongstep, gives results in 10 minutes, is 

easy to use, needs no special laboratory equipment, does not require a diluent, and can be kept at 

room temperature, thus fulfilling the World Health Organization (WHO) ASSURED criteria as a 

point of care test [6, 17]. However, its problems with specificity are problematic. 

Within Kampala, Uganda, the predictive value of the StrongStep LFA was considerably 

reduced when the prevalence of cryptococcal antigenemia was taken into account. As a screening 

test to be used nationally, there is concern that a positive test result on plasma has only a 50% 

probability of being correctly identified as a true positive result. In an already strained healthcare 

system, the high rate of false positivity, especially in plasma, would subject people to 

unnecessary medical therapy and overburden an already strained healthcare system.  

One explanation for the reduced specificity of the StrongStep LFA is the possible 

interference of human anti-mouse antibodies with the lateral flow assay, resulting in a false 

positive result. The prevalence of anti-animal antibodies, the most common being human anti-

mouse antibodies (HAMA), ranges between <1% to 80% in the general population [18]. The 

exact prevalence in Sub-Saharan Africa is unknown. Other human antibodies with the ability to 

interfere with the lateral flow assay, such as Rheumatoid Factor, could have also contributed to a 

false positive test result [19]. Blocking strategies using active or passive blockers added to either 

a diluent or the test well were not employed in this study. 

 Through this study, we were able to evaluate the diagnostic performance of the StrongStep 

LFA in detecting the presence of cryptococcal antigen in the CSF and plasma of HIV-

seropositive individuals in Kampala and Mbarara, Uganda. The StrongStep LFA did not 

diagnostically perform well in plasma and would be a problematic assay to be used for a 
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nationwide screening program in Uganda. However, the StrongStep LFA did show promise in 

cryptococcal antigen detection in the CSF and can be used reliably for the diagnosis of 

meningitis. Further work is needed to determine if there are interfering antibodies that could 

result in a false positive test result and if there are methods to improve the specificity of the 

StrongStep LFA. Improving the specificity of the StrongStep LFA would be the first step in 

establishing whether it would be more cost effective than other point-of-care assays for 

cryptococcal antigen screening.   



11 
 

Acknowledgements  

We thank all the members of the cryptococcal meningitis research team at the Infectious 

Diseases Institute, Kampala Uganda for their support and help in this project. We also thank the 

Makerere University Medical School Microbiology Laboratory team. 

Support for this project was received via: the National Institutes of Neurologic Diseases and 

Stroke and Fogarty International Center (R01NS086312, K01TW010268, and R25TW009345), 

United Kingdom Medical Research Council (MR/M007413/1), National Institute of Allergy and 

Infectious Diseases (T32AI055433, U01AI089244). Liming Bio Products provided the 

StrongStep LFA kits used in this evaluation. The manufacturer had no role in study design, study 

implementation, data analysis or the decision to publish the data. Additionally, this work was 

supported in part by the Doris Duke Charitable Foundation through a grant supporting the Doris 

Duke International Clinical Research Fellows Program at the University of Minnesota.  Sarah C 

Bridge is a Doris Duke International Clinical Research Fellow. 

References 

1. Rajasingham R, Smith RM, Park BJ, Jarvis JN, Govender NP, Chiller TM, et al. Global burden of 

disease of HIV-associated cryptococcal meningitis: an updated analysis. The Lancet infectious diseases. 

2017:In Press. Epub 2017/05/10. doi: 10.1016/S1473-3099(17)30243-8. PubMed PMID: 28483415. 

2. Park BJ, Wannemuehler KA, Marston BJ, Govender N, Pappas PG, Chiller TM. Estimation of the 

current global burden of cryptococcal meningitis among persons living with HIV/AIDS. Aids. 

2009;23(4):525-30. doi: 10.1097/QAD.0b013e328322ffac. PubMed PMID: 19182676. 

3. Jarvis JN, Meintjes G, Williams A, Brown Y, Crede T, Harrison TS. Adult meningitis in a setting 

of high HIV and TB prevalence: findings from 4961 suspected cases. BMC infectious diseases. 

2010;10:67. Epub 2010/03/17. doi: 10.1186/1471-2334-10-67. PubMed PMID: 20230635; PubMed 

Central PMCID: PMC3161361. 

4. Meya DB, Manabe YC, Castelnuovo B, Cook BA, Elbireer AM, Kambugu A, et al. 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. 

Clinical infectious diseases : an official publication of the Infectious Diseases Society of America. 

2010;51(4):448-55. doi: 10.1086/655143. PubMed PMID: 20597693; PubMed Central PMCID: 

PMC2946373. 



12 
 

5. Jarvis JN, Harrison TS, Lawn SD, Meintjes G, Wood R, Cleary S. Cost effectiveness of 

cryptococcal antigen screening as a strategy to prevent HIV-associated cryptococcal meningitis in South 

Africa. PloS one. 2013;8(7):e69288. doi: 10.1371/journal.pone.0069288. PubMed PMID: 23894442; 

PubMed Central PMCID: PMC3716603. 

6. World Health Organization. Rapid advice: Diagnosis, prevention and management of 

cryptococcal disease in HIV-infected adults, adolescents and children. Geneva: World Health 

Organization; 2011 [updated December; cited 2015 1 Nov]. Available from: 

http://www.who.int/hiv/pub/cryptococcal_disease2011. 

7. Health UMo. Addendum To The National Antiretroviral Treatment Guidelines 2013. 

8. Jarvis JN, Govender N, Chiller T, Park BJ, Longley N, Meintjes G, et al. Cryptococcal antigen 

screening and preemptive therapy in patients initiating antiretroviral therapy in resource-limited settings: 

a proposed algorithm for clinical implementation. Journal of the International Association of Physicians 

in AIDS Care. 2012;11(6):374-9. Epub 2012/09/28. doi: 10.1177/1545109712459077. PubMed PMID: 

23015379. 

9. Dhana A. Diagnosis of Cryptococcosis and Prevention of Cryptococcal Meningitis Using a Novel 

Point-of-Care Lateral Flow Assay. Case Rep Med. 2013;2013:640216. doi: 10.1155/2013/640216. 

PubMed PMID: 24319464; PubMed Central PMCID: PMCPMC3844251. 

10. Boulware DR, Rolfes MA, Rajasingham R, von Hohenberg M, Qin Z, Taseera K, et al. Multisite 

validation of cryptococcal antigen lateral flow assay and quantification by laser thermal contrast. 

Emerging infectious diseases. 2014;20(1):45-53. doi: 10.3201/eid2001.130906. PubMed PMID: 

24378231; PubMed Central PMCID: PMC3884728. 

11. Hansen J, Slechta ES, Gates-Hollingsworth MA, Neary B, Barker AP, Bauman S, et al. Large-

scale evaluation of the immuno-mycologics lateral flow and enzyme-linked immunoassays for detection 

of cryptococcal antigen in serum and cerebrospinal fluid. Clinical and vaccine immunology : CVI. 

2013;20(1):52-5. doi: 10.1128/CVI.00536-12. PubMed PMID: 23114703; PubMed Central PMCID: 

PMC3535775. 

12. Lindsley MD, Mekha N, Baggett HC, Surinthong Y, Autthateinchai R, Sawatwong P, et al. 

Evaluation of a newly developed lateral flow immunoassay for the diagnosis of cryptococcosis. Clinical 

infectious diseases : an official publication of the Infectious Diseases Society of America. 

2011;53(4):321-5. doi: 10.1093/cid/cir379. PubMed PMID: 21810743; PubMed Central PMCID: 

PMC3148258. 

13. Boulware DR, Meya DB, Muzoora C, Rolfes MA, Huppler Hullsiek K, Musubire A, et al. Timing 

of antiretroviral therapy after diagnosis of cryptococcal meningitis. The New England journal of 

medicine. 2014;370(26):2487-98. doi: 10.1056/NEJMoa1312884. PubMed PMID: 24963568; PubMed 

Central PMCID: PMC4127879. 

14. Carlson RD, Rolfes MA, Birkenkamp KE, Nakasujja N, Rajasingham R, Meya DB, et al. 

Predictors of neurocognitive outcomes on antiretroviral therapy after cryptococcal meningitis: a 

prospective cohort study. Metabolic brain disease. 2014;29(2):269-79. doi: 10.1007/s11011-013-9476-1. 

PubMed PMID: 24399496; PubMed Central PMCID: PMC4033836. 

15. Rhein J, Morawski BM, Hullsiek KH, Nabeta HW, Kiggundu R, Tugume L, et al. Efficacy of 

adjunctive sertraline for the treatment of HIV-associated cryptococcal meningitis: an open-label dose-

http://www.who.int/hiv/pub/cryptococcal_disease2011


13 
 

ranging study. The Lancet infectious diseases. 2016;16(7):809-18. Epub 2016/03/14. doi: 10.1016/S1473-

3099(16)00074-8. PubMed PMID: 26971081; PubMed Central PMCID: PMC4927382. 

16. Durski KN, Kuntz KM, Yasukawa K, Virnig BA, Meya DB, Boulware DR. Cost-effective 

diagnostic checklists for meningitis in resource-limited settings. J Acquir Immune Defic Syndr. 

2013;63(3):e101-8. doi: 10.1097/QAI.0b013e31828e1e56. PubMed PMID: 23466647; PubMed Central 

PMCID: PMCPMC3683123. 

17. Mabey D, Peeling RW, Ustianowski A, Perkins MD. Tropical infectious diseases: diagnostics for 

the developing world. Nature Reviews Microbiology. 2004;2(3):231-40. 

18. Kricka LJ. Human anti-animal antibody interferences in immunological assays. Clin Chem. 

1999;45(7):942-56. PubMed PMID: 10388468. 

19. Bennett JE, Bailey JW. Control for rheumatoid factor in the latex test for cryptococcosis. Am J 

Clin Pathol. 1971;56(3):360-5. PubMed PMID: 5094497. 

 


