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Tuberculous meningitis (TBM) likely affects more than 100,000 people per year [1]. While this 

represents approximately 1% of all TB cases, TBM is disproportionately important because it kills or 

severely disables half of those affected. [2] Major risk factors for TBM are young age [3] and HIV 

infection.  

 

Diagnosis of TBM is a challenge because clinical features are non-specific, laboratory tests are 

insensitive and mycobacterial culture is too slow to have meaningful clinical impact.  Treatment 

delay is the strongest risk factor for death [2]; sensitive diagnostics with short turnaround times are 

urgently needed. Rapid nucleic acid amplification tests, such as Xpert MTB/RIF Ultra (Ultra) have 

shown good sensitivity (77%) against culture-confirmed TBM [4], but require large cerebrospinal 

fluid (CSF) volumes [5] and are not yet widely available, particularly close to the point of care in 

many high burden countries. [6]  

 

In this edition of Clinical Infectious Diseases, Quinn and colleagues [7] present encouraging first 

results for a new point of care lateral flow assay, Fujifilm SILVAMP TB LAM assay (FujiLAM), for the 

diagnosis of TBM in adults, most of who were HIV-infected. FujiLAM testing takes 60 minutes, 

requires 0.2 mL of sample and does not require an instrument [8,9]. While FujiLAM was originally 

designed for testing urine, it is biologically plausible, as demonstrated here, that mycobacterial 

lipoarabinomannan (LAM) is present in CSF, however it was unclear whether the test would have 

useful sensitivity for TBM, or whether sample pre-treatment would be required for CSF.  

 

Several findings are striking. FujiLAM had the same sensitivity as mycobacterial culture (79%), when 

compared with a microbiological reference standard (culture plus Ultra) in the subset of patients 

with all three tests. When compared with a reference standard of microbiologically confirmed plus 

clinically probable TBM, sensitivity of FujiLAM was 52%, nearly as high as that of Ultra (55%). 

FujiLAM was more likely to be positive in patients with high bacterial burden in CSF, as assessed by 
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Ultra semi-quantitative result, and in patients with advanced  HIV infection and higher mortality, in 

keeping with previous studies based on urine samples from patients with pulmonary TB. [10,11] The 

authors also tested CSF with an earlier LAM assay, Alere Determine TB LAM, but sensitivity was 

significantly lower. 

 

On the other hand, FujiLAM failed to detect 26% of cases with microbiologically-confirmed TBM 

which precludes its use a rule-out test. As an illustration, a patient in the study by Quinn and 

colleagues, after initial clinical assessment and after ruling-out cryptococcal meningitis, had a 57% 

probability of TB. If the FujiLAM test was negative, then the probability that this patient had TBM 

was still 40% (Figure 1). Whilst there was incremental benefit from testing with both FuijiLAM and 

Ultra, even this combination could not be used to rule out TBM in a population with a high pre-test 

probability. Early initiation of empiric treatment, based on clinical and radiological evaluation, will 

likely continue to be necessary for patients at high risk of TBM, including those with negative rapid 

microbiological tests. [12] 

 

In contrast, since FujiLAM had excellent specificity, the likelihood that a patient in this population 

had TBM if the FujiLAM test was positive, increased from 57% to 97%, high enough to justify 

immediate initiation of treatment for TBM (Figure 1). Using the reference standard of 

microbiologically confirmed plus clinically probable TBM, only one false-positive FujiLAM test was 

identified, in a patient with non-tuberculous mycobacterial (NTM) meningitis. Whilst NTM meningitis 

is rare [13], clinicians should be aware of the possibility of false-positive results due to this cause. 

 

The prospective study design and use of consensus case definitions for TBM are strengths of this 

study. However, the interpretation of the results of this manuscript are complicated by the 

inconsistent use of reference and index tests for CSF samples (due to insufficient CSF volume). The 

inability to do reference (Ultra and culture) and index (FujiLAM and AlereLAM) tests on all CSF 
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samples may have led to underestimation of the specificity of FujiLAM. Importantly, many patients 

were excluded from testing (including 326 patients with positive cryptococcal antigen tests and 160 

with inadequate samples). Since cryptococcal and tuberculous meningitis may co-occur [14], the 

accuracy of FujiLAM in patients with cryptococcal meningitis requires investigation.  

 

The authors identified that faint bands on the FujiLAM lateral flow test were the major source of 

inter-reader disagreement. Further work is required to investigate whether faint lines may result in 

difficulty in interpretation when the test is done by minimally trained users and in decentralized 

settings with different lighting conditions. There may be value in exploring the use of low-complexity 

strip readers (such as those used for glucose measurement) to deal with this concern. Additional 

studies are also needed to evaluate test accuracy with larger sample sizes as well as in children and 

in HIV-uninfected adults.  

 

Several recent research reports [10,15–20] indicate that lower detection limits for LAM will translate 

into even higher diagnostic sensitivity and the development of next-generation point-of-care LAM 

assays should be prioritized. The key challenges in the development of such LAM point of care tests 

are to reach a high analytical sensitivity while keeping the test user-friendly, affordable, and at the 

same time highly specific. [21] 

 

Rapid intervention with appropriate therapy is key to improving outcomes in TBM. For the first time, 

a true rapid point of care assay holds promise for bedside diagnosis of this infection. If clinical utility 

of FujiLAM can be demonstrated, the global health community should ensure commercial availability 

of FujiLAM at affordable cost. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciaa1915/6065103 by U

niv W
estern Australia user on 29 January 2021



Acc
ep

ted
 M

an
us

cri
pt

 

5 
 

Funding 

M.P.N is supported by an Mark Nicol is supported by an Australian National Health and Medical 

Research Council Investigator Grant [APP1174455]. M.N. reports grants from Foundation for 

Innovative New Diagnostics during the conduct of the study, and grants from Medical Research 

Council of South Africa and US Office of AIDS Research of the National Institutes of Health of the 

USA, outside the submitted work. 

 

Potential conflicts of interest 

T. B. reports a patent pending in the field of lipoarabinomannan detection and is a shareholder of 

Avelo Ltd and was previously employed by FIND. T.B. reports personal fees from Avelo Ltd outside 

the submitted work. M.P.N. has received grant funding to his institution to support studies of 

FujiLAM in adults with tuberculosis. 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciaa1915/6065103 by U

niv W
estern Australia user on 29 January 2021



Acc
ep

ted
 M

an
us

cri
pt

 

6 
 

References: 

1.  Wilkinson RJ, Rohlwink U, Misra UK, et al. Tuberculous meningitis. Nat Rev Neurol 2017; 

13:581–598. Available at: http://dx.doi.org/10.1038/nrneurol.2017.120. 

2.  Thwaites GE, van Toorn R, Schoeman J. Tuberculous meningitis: more questions, still too few 

answers. Lancet Neurol 2013; 12:999–1010. Available at: http://dx.doi.org/10.1016/S1474-

4422(13)70168-6. 

3.  Chiang SS, Khan FA, Milstein MB, et al. Treatment outcomes of childhood tuberculous 

meningitis: A systematic review and meta-analysis. Lancet Infect Dis 2014; 14:947–957.  

4.  Cresswell F V., Tugume L, Bahr NC, et al. Xpert MTB/RIF Ultra for the diagnosis of HIV-

associated tuberculous meningitis: a prospective validation study. Lancet Infect Dis 2020; 

20:308–317. Available at: http://dx.doi.org/10.1016/S1473-3099(19)30550-X. 

5.  Bahr NC, Marais S, Caws M, et al. GeneXpert MTB/Rif to Diagnose Tuberculous Meningitis: 

Perhaps the First Test but not the Last. Clin Infect Dis 2016; 62:1133–1135.  

6.  Cazabon D, Pande T, Kik S, et al. Market penetration of Xpert MTB/RIF in high tuberculosis 

burden countries: A trend analysis from 2014 - 2016. Gates Open Res 2018; 2:35. Available at: 

https://gatesopenresearch.org/articles/2-35/v1. 

7.  Quinn CM, Enock K, Okirworth M, et al. Fujifilm SILVAMP TB LAM assay on cerebrospinal fluid 

for the detection of tuberculous meningitis in HIV-infected adults. Clin Infect Dis  

8.  Broger T, Nicol MP, Székely R, et al. Diagnostic accuracy of a novel tuberculosis point-of-care 

urine lipoarabinomannan assay for people living with HIV: A meta-analysis of individual in- 

and outpatient data. PLOS Med 2020; 17:e1003113. Available at: 

https://dx.plos.org/10.1371/journal.pmed.1003113. 

9.  Broger T, Sossen B, du Toit E, et al. Novel lipoarabinomannan point-of-care tuberculosis test 

for people with HIV: a diagnostic accuracy study. Lancet Infect Dis 2019; 19:852–861. 

Available at: https://linkinghub.elsevier.com/retrieve/pii/S1473309919300015. 

10.  Broger T, Nicol MP, Sigal GB, et al. Diagnostic accuracy of three urine lipoarabinomannan 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciaa1915/6065103 by U

niv W
estern Australia user on 29 January 2021



Acc
ep

ted
 M

an
us

cri
pt

 

7 
 

tuberculosis assays in HIV-negative outpatients. J Clin Invest 2020; (in press). Available at: 

https://www.jci.org/articles/view/140461. 

11.  Sossen B, Broger T, Kerkhoff AD, et al. “SILVAMP TB LAM” Rapid Urine Tuberculosis Test 

Predicts Mortality in Patients Hospitalized With Human Immunodeficiency Virus in South 

Africa. Clin Infect Dis 2020; Available at: https://academic.oup.com/cid/advance-

article/doi/10.1093/cid/ciaa024/5699650. 

12.  Seddon JA, Tugume L, Solomons R, Prasad K, Bahr NC. The current global situation for 

tuberculous meningitis: epidemiology, diagnostics, treatment and outcomes. Wellcome Open 

Res 2019; 4:167. Available at: https://wellcomeopenresearch.org/articles/4-167/v1. 

13.  Cai R, Qi T, Lu H. Central nervous system infection with non-tuberculous mycobacteria: A 

report of that infection in two patients with AIDS. Drug Discov Ther 2014; 8:276–279. 

Available at: https://www.jstage.jst.go.jp/article/ddt/8/6/8_2014.01047/_article. 

14.  Ellis J, Cresswell F V., Rhein J, Ssebambulidde K, Boulware DR. Cryptococcal Meningitis and 

Tuberculous Meningitis Co-infection in HIV-Infected Ugandan Adults. Open Forum Infect Dis 

2018; 5:12–14. Available at: 

https://academic.oup.com/ofid/article/doi/10.1093/ofid/ofy193/5086556. 

15.  Paris L, Magni R, Zaidi F, et al. Urine lipoarabinomannan glycan in HIV-negative patients with 

pulmonary tuberculosis correlates with disease severity. Sci Transl Med 2017; 9:eaal2807. 

Available at: http://stm.sciencemag.org/lookup/doi/10.1126/scitranslmed.aal2807. 

16.  Wood A, Barizuddin S, Darr CM, et al. Ultrasensitive detection of lipoarabinomannan with 

plasmonic grating biosensors in clinical samples of HIV negative patients with tuberculosis. 

PLoS One 2019; 14:e0214161. Available at: 

http://dx.plos.org/10.1371/journal.pone.0214161. 

17.  Connelly JT, Andama A, Grant B, et al. Clinical Performance of Prototype Point-of-Care TB 

Lipoarabinomannan (LAM) Test in Uganda. In: 50th World Conference on Lung Health of the 

International Union Against Tuberculosis and Lung Disease, Hyderabad, India. 2019.  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciaa1915/6065103 by U

niv W
estern Australia user on 29 January 2021



Acc
ep

ted
 M

an
us

cri
pt

 

8 
 

18.  Hamasur B, Ignatowicz L, Ramachandraiah H. SpeClean: urine sample treatment method for 

ultra-sensitive LAM diagnostics. In: 50th World Conference on Lung Health of the 

International Union Against Tuberculosis and Lung Disease, Hyderabad, India. 2019.  

19.  Sigal GB, Pinter A, Lowary TL, et al. A Novel Sensitive Immunoassay Targeting the 5-

Methylthio-D-Xylofuranose–Lipoarabinomannan Epitope Meets the WHO’s Performance 

Target for Tuberculosis Diagnosis. J Clin Microbiol 2018; 56:1–17. Available at: 

http://jcm.asm.org/lookup/doi/10.1128/JCM.01338-18. 

20.  Shapiro AE, Wittwer T, Ngwane NW, et al. A point-of-care test to concentrate and detect 

urine LAM for TB diagnosis: results from the first-in-human study of FLOW-TB. In: 50th World 

Conference on Lung Health of the International Union Against Tuberculosis and Lung Disease, 

Hyderabad, India. 2019.  

21.  Bulterys MA, Wagner B, Redard-Jacot M, et al. Point-Of-Care Urine LAM Tests for 

Tuberculosis Diagnosis: A Status Update. J Clin Med 2019; 9:111. Available at: 

https://www.mdpi.com/2077-0383/9/1/111. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciaa1915/6065103 by U

niv W
estern Australia user on 29 January 2021



Acc
ep

ted
 M

an
us

cri
pt

 

9 
 

Figure Legend 

 

Figure 1: Fagan Nomogram illustrating pre-test TBM probability in the study population and post-

test TBM probabilities for a positive FujiLAM (red) and negative FujiLAM (green) result. 
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Figure 1 
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