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ABSTRACT
Background Childhood tuberculosis (TB) remains 
underdiagnosed. The novel lateral flow FujiLAM assay 
detects lipoarabinomannan (LAM) in urine, but data on 
performance in children remain limited.
Methods We conducted a systematic review assessing 
the diagnostic performance of FujiLAM for diagnosing 
paediatric TB. The last search was conducted in November 
2021.
Results We included three studies with data from 698 
children for FujiLAM. For FujiLAM, sensitivity using a 
microbiological reference standard were 60% (95% CI 
15 to 95), 42% (95% CI 31 to 53) and 63% (95% CI 50 
to 75), respectively. Specificity was 93% (95% CI 85 to 
98), 92% (95% CI 85 to 96) and 84% (95% CI 80 to 88). 
Using a composite reference standard, sensitivity was 
11% (95% CI 4 to 22), 27% (95% CI 20 to 34) and 33% 
(95% CI 26 to 40), and specificity was 92% (95% CI 73 to 
99), 97% (95% CI 87 to 100) and 85% (95% CI 79 to 89). 
Subgroup analyses for sensitivity of FujiLAM in children 
living with HIV (CLHIV) compared with those who were 
negative for HIV infection were inconsistent across studies. 
Among CLHIV, sensitivity appeared higher in those with 
greater immunosuppression, although wide CIs limit the 
interpretation of observed differences. Meta- analysis was 
not performed due to considerable study heterogeneity.
Conclusion The high specificity of FujiLAM 
demonstrates its potential as a point- of- care (POC) rule- in 
test for diagnosing paediatric TB. As an instrument- free 
POC test that uses an easy- to- obtain specimen, FujiLAM 
could significantly improve TB diagnosis in children in 
low- resource settings, however the small number of 
studies available highlight that further data are needed. 
Key priorities to be addressed in forthcoming paediatric 
evaluations include prospective head- to- head comparisons 
with AlereLAM using fresh specimens, specific subgroup 
analysis in CLHIV and extrapulmonary disease and studies 
in different geographical locations.
PROSPERO REGISTRATION NUMBER
CRD42021270761.

INTRODUCTION
Childhood tuberculosis (TB) is a major 
contributor to morbidity and mortality world-
wide.1 Children below 5 years are dispropor-
tionally affected in case load and mortality, 
contributing to approximately 50% of all 
paediatric TB cases2 and 80% of deaths.2 3 
The burden and mortality of paediatric TB 

is likely underestimated, as confirmation 
of disease remains challenging. There is an 
unmet need for accurate and easy- to- use diag-
nostic tests for children.

The WHO has defined target product 
profiles (TPP) for new non- sputum- based 
point- of- care (POC) diagnostics for TB and 
their use in children.4 Promising candidates 
include lateral flow assays detecting lipoarab-
inomannan (LAM), a glycolipid found in the 
mycobacterial cell- wall, secreted in urine. 
The first commercially available test was the 
Alere Determine TB LAM Ag (AlereLAM; 
Abbott, Palatine, IL, USA), which is the only 
instrument- free POC LAM test recommended 
by the WHO.5 6 According to a systematic 
review, pooled sensitivity of the AlereLAM is 
42% in adults,7 increasing to 54% in PLHIV 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Despite recent advances, paediatric tuberculosis 
(TB) remains difficult to diagnose and accurate 
point- of- care tests that use easily obtainable non- 
sputum specimens are urgently needed.

 ⇒ Lateral flow tests detecting urine lipoarabinoman-
nan (LAM), including the original AlereLAM and the 
recently developed FujiLAM, could improve diagno-
sis in children in low- resource settings.

 ⇒ FujiLAM’s analytic sensitivity for the diagnosis of 
pulmonary TB has been observed to be higher com-
pared to AlereLAM in adults.

WHAT THIS STUDY ADDS
 ⇒ Using a microbiological reference standard, the 
sensitivity of FujiLAM for diagnosing paediatric TB 
ranged from 42% to 63%, whereas specificity was 
higher, ranging from 84% to 93%.

 ⇒ Gaps in studies to be prioritised in forthcoming eval-
uations include prospective testing of fresh speci-
mens, subgroup analyses for children living with HIV 
and direct comparison with AlereLAM.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ While more paediatric studies are needed, high 
specificity and use of an easy- to- obtain specimen 
indicates that FujiLAM could be a useful rule- in test 
for TB.
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with CD4 ≤100 cells/µL.7 8 Recently, Fujifilm developed 
the Fujifilm SILVAMP TB LAM assay (FujiLAM; Fujifilm, 
Tokyo, Japan), a novel test detecting LAM in urine using 
high affinity monoclonal antibodies and silver amplifi-
cation.9 10 Initial studies in hospitalised adults with HIV 
showed a higher diagnostic sensitivity of 70% for TB 
compared with AlereLAM.9 A recent modelling study also 
suggested that conducting FujiLAM in adults presenting 
with TB symptoms averted 30% of TB deaths and 18% of 
incident cases between 2020 and 2035.11

Compared with the increasing number of publications 
in adults,5 8 12–15 few studies have explored the perfor-
mance of FujiLAM in children. In children, diagnostic 
yield, which represents both the diagnostic accuracy of a 
test and feasibility of obtaining a specimen,16 is improved 
by the availability of a specimen such as urine, compared 
with sputum. FujiLAM could therefore have a positive 
impact to reduce the burden of childhood TB. Here, we 
conducted a systematic review on the diagnostic perfor-
mance of FujiLAM in children for diagnosing TB.

METHODS
Reporting was according to the Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses guide-
lines.17

Search strategy and study selection
We identified studies via PubMed and EMBASE and regis-
tration of past and ongoing studies ( clinicaltrials. gov, 
WHO trial registry). Additionally, we consulted experts 
in TB diagnostics to identify relevant publications. There 
were no restrictions on language or time of publication. 
The full- search strategy incorporated terms (text words, 
keywords and medical subject headings) related to LAM, 
TB and children, and is presented in the online supple-
mental material. The last search was conducted on 10 
November 2021.

Original studies that reported diagnostic accuracy 
estimations on the performance of FujiLAM in children 
(defined as less than 18 years) for TB were included. We 
excluded animal studies, conference proceedings, edito-
rials and reviews. The eligibility assessment was performed 
by two investigators (LO and NK), who independently 
screened titles and abstracts followed by full- text review. 
Any disagreement was resolved through discussion with a 
third reviewer.

Risk of bias assessment
Two independent investigators (LO and NK) assessed the 
quality of included studies using the Quality Assessment 
of Diagnostic Accuracy Studies 2 (QUADAS- 2) frame-
work,18 all standard items were applied.19 Consensus was 
achieved through discussion and consultation with a 
third reviewer if necessary. RevMan (V.5, The Cochrane 
Collaboration, 2020)20 was used for visualisation.

Data collection
The following information was extracted from the orig-
inal publications by LO and NK independently with any 
discrepancies discussed with a third reviewer:
i. Characteristics of cohort (including age, clinical pre-

sentation, country of origin and HIV status).
ii. Inclusion and exclusion criteria.
iii. Reference standards
iv. Diagnostic accuracy measures

Summary measures and data analysis
The outcome measures were sensitivity and specificity of 
FujiLAM to diagnose active TB in children, using a micro-
biological reference standard (MRS; culture and/or 
WHO- endorsed nucleic acid amplification tests—NAAT) 
or a composite reference standard (CRS). Sensitivity was 
defined as probability of a positive test in diseased chil-
dren. Specificity represented the probability of a negative 
test result when the disease was absent. Point estimates 
and CIs were calculated using the raw data provided by 
the original publication with the statistical software of 
RevMan (V.5, The Cochrane Collaboration, 2020).20

Patient and public involvement
Being a systematic review, this research was done without 
patient or public involvement. As a secondary analysis, no 
ethical approval was sought.

RESULTS
Study results
One hundred and forty- nine unique records were identi-
fied from which 24 full texts were reviewed for eligibility 
and three studies met inclusion criteria (online supple-
mental figure 1) . No further registered trials or publica-
tions on preprint servers were identified. Table 1 shows 
the study characteristics. The clinical settings differed; 
two studies were conducted in sub- Saharan Africa and 
one in Haiti. Studies also varied in the healthcare level 
for recruitment and proportion of children with micro-
biologically confirmed TB. In all studies, enrolment was 
prospective, but FujiLAM was evaluated on biobanked 
samples. Due to study heterogeneity and the small 
number of studies, a meta- analysis was not done.

Quality
Figure 1 summarises the risk of bias and applicability 
of included studies, there were no disagreements 
between reviewers. Regarding patient selection, one 
study enriched their cohort by specifically including 
known microbiologically confirmed children living 
with HIV (CLHIV); therefore, risk of bias was deemed 
unclear.21 Another study had a high risk of bias because 
the authors did not explicitly state whether samples were 
taken consecutively and also recruited healthy controls, 
which can overestimate diagnostic performance.22 The 
index test domain was at low risk of bias, with all studies 
reporting blinded interpretation by two readers. Due to 
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the inherent challenges of microbiological investigations 
in confirming TB disease in children,23–25 two studies had 
an unclear risk of bias for correctly classifying the target 
condition, despite including culture.21 26 One study was 
judged as having a high risk of bias as the MRS only 
included Xpert MTB/RIF and not culture.22 Risk of bias 
was low for most studies regarding patient flow except 
for one study in which only certain patients received 
the MRS. Full details of the QUADAS- 2 assessment are 
included in online supplemental table 1.

Test accuracy
Table 2 outlines the inclusion and exclusion criteria, 
microbiological investigations (specimen collected and 

tests performed), reference standards and case defi-
nitions of studies. All studies applied an MRS, being 
roughly equivalent to the National Institutes of Health 
(NIH) case definition of ‘confirmed TB’,25 requiring 
microbiological confirmation of MTB, although under-
lying tests and testing algorithms varied between the 
studies. CRS were also used, with both microbiologically 
confirmed and clinically diagnosed TB defined as CRS 
positive, however, underlying clinical information varied 
between studies.

In total, 698 children were included in this analysis. The 
sensitivity and specificity of index tests across the studies 
are shown in table 3, table 4 and figure 2. Two studies 

Table 1 Cohort characteristics

Nicol et al Nkereuwem et al Barrio et al

Cohort size 241 415 79

Study design Prospective enrolment
Plus enrichment of CLHIV

Prospective enrolment Prospective enrolment
Plus control cohort

Index test Comparator AlereLAM AlereLAM None

Sample storage Yes, −80°C Yes, −80°C Yes, −20°C

Country South Africa Gambia, Mali, Nigeria, 
Tanzania

Haiti

Healthcare level of 
recruitment of study 
participants

Tertiary hospital Mixed (community, 
tertiary hospital, urban 
comprehensive healthcare)

Reference hospital

Age in months 
(median)
Median (IQR)

45.2
(21.2–88.8)

67.2
(27.6–111.6)

76
(58–121)

Age categories <5 years 118 (58%) 194 (47%) 24 (30%)

≥5 years 86 (42%) 221 (53%) 55 (70%)

Male sex 111 (54%) 225 (54%) 51 (65%)

TB status Confirmed TB 84 (41%) 63 (15%) 5

Unconfirmed TB 81 (40%) 113 (27%) 50

Unlikely TB 39 (19%) 239 (58%) 24

HIV status HIV infected 40 (20%) 61 (15%) Excluded

CD4 cells/uL 
median (IQR)

552 (206–849) – –

Malnutrition Stunted 73 (40%) 134 (32%) 12 (21%)

CLHIV, children living with HIV; LAM, lipoarabinomannan; TB, tuberculosis.

Figure 1 Assessment of study quality of FujiLAM paediatric studies using the QUADAS- 2 framework. Risk of bias and 
applicability concerns graph (A) and summary (B) review authors’ judgements about each domain presented as percentages 
across included studies. LAM, lipoarabinomannan; QUADAS- 2, Quality Assessment of Diagnostic Accuracy Studies 2.
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reported on invalid results, which were excluded from 
final analyses. One study reported n=1 invalid result,26 
another stated n=22 invalid results,21 which reduced to 
n=4 after re- testing.

Microbiological reference standard (MRS)
When applying the MRS, sensitivity of FujiLAM was esti-
mated at 60% (95% CI 15 to 95),22 42% (95% CI 31 to 
53)21 and 63% (95% CI 50 to 75)26 for the three studies, 
respectively. CIs were wide and overlapped for all three 
studies. In contrast, specificity estimations were more 
consistent across studies, with 93% (95% CI 85 to 98),22 
92% (95% CI 85 to 96)21 and 84% (95% CI 80 to 88)26 
(figure 2). Two studies performed head- to- head compar-
isons with AlereLAM.21 26 Nkereuwem et al, found that 
FujiLAM had a sensitivity more than double of AlereLAM 
(31%, 95% CI 9 to 62), while maintaining a similarly high 
specificity (88%–95% CI 79 to 94).26 In the study by Nicol 
et al, sensitivity of AlereLAM was slightly higher (50%, 
95% CI 40 to 61), although specificity was much lower 
(66%, 95% CI 57 to 74).21

Composite reference standard (CRS)
When applying the CRS, sensitivity of FujiLAM was 11% 
(95% CI −22),22 27% (95% CI 20 to 34)21 and 33% (95% 
CI 26 to 40).26 Sensitivity was pronouncedly lower than 
for MRS, with differences of 49%,22 15%21 and 30%.26 
Specificity estimates were closer to MRS with 92% (95% 
CI 73 to 99),22 97% (95% CI 87 to 100)21 and 85% (95% 
CI 79 to 89).26

Results stratified by HIV
One study excluded CLHIV, therefore only two studies 
assessed performance in this subgroup. Data only 
allowed for comparison to the MRS (figure 2). For 
CLHIV, sensitivity of FujiLAM was 60% (95% CI 39 to 
79)21 and 53% (95% CI 27 to 79).26 Specificity in CLHIV 
was 93% (95% CI 68 to 100)21 and 76% (95% CI 61 to 
87).26 One study demonstrated test performance strati-
fied by CD4- count, suggesting a higher sensitivity of 80% 
(95% CI 38 to 96) in children with CD4- counts<200/uL, 
compared with 55% (95% CI 34 to 74) in children with 
CD4- counts>200/uL.21 In contrast, specificity was higher 
in children with CD4- counts>200/uL (100%, 95% CI 74 
to 100; compared with 75%, 95% CI 30 to 95)21 For both 
performance estimates, CIs were very wide and over-
lapped.

In HIV- negative children, estimates on FujiLAM perfor-
mance differed considerably. While one study reported a 
lower sensitivity, 34% (95% CI 22 to 47) versus 60% (95% 
CI 39 to 79) in CLHIV,21 another stated a sensitivity of 
67% (95% CI 52 to 80) compared with 53% (95% CI 27 
to 79) in CLHIV,26 but again CIs overlapped. Specificity 
estimates for HIV negative children (91% (95% CI 8 to 
96),21 and 87% (95% CI 82 to 90)26 were overall compa-
rable to those in CLHIV.Ta

b
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DISCUSSION
We examined the accuracy of the recently developed 
FujiLAM to diagnose paediatric TB across the available 
literature. While there are numerous studies evaluating 
FujiLAM for diagnosing TB in adults,5 8 12–15 there are 
only three paediatric publications.21 22 26 The estimated 
sensitivities ranged from 42% to 63%, whereas specificity 
was higher, ranging from 84% to 93%, when applying an 
MRS. Although sensitivity targets for the WHO TPP for 
a diagnostic (>66%) or triage (>90%) test were not met, 
the high specificity of FujiLAM across all studies is prom-
ising, especially given the rapidity and ease of use. Urine 
can mostly be obtained within the first 24 hours of admis-
sion, compared with sputum where collection is difficult, 
and benefits for diagnostic yield are likely.27 28 FujiLAM 
could have particular utility when used in combination 
within a diagnostic algorithm to rule- in TB in children 
with a high pretest probability, like CLHIV or malnour-
ished children in high endemic settings.29

The estimated sensitivity of FujiLAM here is comparable 
to results from a multicentre diagnostic accuracy study in 
HIV- negative adults (53%).5 In this study, a strong associa-
tion of sensitivity with bacterial load was observed, which 
likely impacts performance in children, as they generally 
have paucibacillary disease. Diagnostic evaluations for TB 
in children remain difficult, as available reference stan-
dards are imperfect. While the MRS might miss TB cases, 
a CRS potentially includes children not ill with TB, both 
hampering the interpretability of sensitivity estimates. Using 
an MRS will underestimate the number of children with TB 
and therefore overestimate the number of true negatives, as 
MRS can misclassify paediatric TB positive cases as negative 
cases. How studies define their reference standards may also 

contribute to hetereogeneity in accuracy estimates. While 
all studies applied the NIH clinical case definitions for intra-
thoracic TB,25 underlying clinical and microbiological inves-
tigations varied. For example, one study solely performed 
NAAT but not culture, and only in cases with positive smear 
microscopy or abnormal chest X- ray, potentially underes-
timating sensitivity.22 This heterogeneity of classifications 
outlines the necessity of applying standardised diagnostic 
classifications rigorously to enable cross- comparisons and 
meta- analyses.23–25

Patient cohorts (and therefore pretest probabilities) also 
differed considerably between studies. Participants were 
recruited from different levels of healthcare, reflecting 
real- life variation, which is favourable for the general-
isability of results.30 However, all tests were performed 
on biobanked specimen in research laboratory settings. 
Broger and colleagues compared FujiLAM read- outs of 
fresh versus biobanked samples from adult patients, and 
while categorical agreement was high, a reduction of 
positive percentage agreement was observed.31 Studies 
using FujiLAM on fresh specimens, prospectively, and in 
real- life settings will need to be conducted in children.

Important subgroups for diagnostics tests include CLHIV 
and the very young, who are at high risk of dying from TB.2 
We found that the two studies reporting FujiLAM’s accuracy 
in CLHIV had contrasting results, with reliable conclusions 
difficult to draw due to small numbers and overlapping CIs. 
Analyses stratified by age were only performed in the African 
studies, but different age cut- offs were used,21 26 hence 
direct comparison was not possible. Estimates in the orig-
inal publications suggest a similar sensitivity, but a decrease 
in specificity in younger children. An explanation could be 
contamination in nappy- wearing children, with specificity 

Figure 2 Forest plots of performance of lateral flow LAM assays against MRS and CRS. Performance estimates were 
calculated using the raw numbers provided in the studies and visualised using RevMan.20 CRS, composite reference standard; 
LAM, lipoarabinomannan; MRS, microbiological reference standard.
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potentially compromised due to corynebacteria, dust, soil 
and stool.29 32 33 Future studies should follow strict collec-
tion criteria to prevent contamination and describe them in 
detail. Finally, data on LAM- assays in extrapulmonary cases 
(EPTB) remain scarce and reported sensitivities of FujiLAM 
range from 47% to 94% in adults.12 Extrapulmonary mani-
festations are more common in children, but only one study 
recruited those cases and did not show subgroup analysis.22

The FujiLAM assay was developed to improve the 
sensitivity of AlereLAM, therefore comparison between 
the two is scientifically and clinically relevant. Only two 
studies performed paired head- to- head comparisons; 
whereas FujiLAM sensitivity was significantly higher 
compared with AlereLAM in one study using an MRS,26 
AlereLAM was more sensitive in another.21 Moreover, 
within each study, most CIs between the two tests over-
lapped, suggesting a lack of evidence for test superiority. 
The range of estimates for sensitivity and specificity for 
FujiLAM in CLHIV in this systematic review against an 
MRS (53%–60% and 76%–93%, respectively) was also 
similar to estimates for AlereLAM from a Cochrane review 
of HIV positive children (42%–56% and 80%–95%),7 the 
group in whom AlereLAM is currently recommended by 
the WHO.34 Since these indirect comparisons between 
different studies can be biased by differences in popu-
lation and setting, more studies that directly compare 
AlereLAM and FujiLAM in paired analyses are needed to 
understand whether FujiLAM could replace AlereLAM as 
a POC test in children.

All included studies, and thus this review, have limita-
tions and data gaps. The geographical distribution of 
cohorts included sub- Saharan Africa and Haiti and results 
may not be generalisable to other regions. Important 
subgroup analyses could not be performed due to 
unavailability of data and variable application of defini-
tions, such as test performance in EPTB, CD4- count in 
CLHIV (except for one study) and specific age- groups. 
Finally, no comment could be made on the impact of 
FujiLAM on clinical outcomes such as mortality reduc-
tion, as has been shown for AlereLAM in hospitalised 
HIV- infected adults.35

This review summarises the current evidence of 
FujiLAM, with the high specificity demonstrating its 
potential as a POC rule- in test for diagnosing paediatric 
TB. It reflects the current state of knowledge, high-
lighting that more data on FujiLAM in children are 
needed to understand the diagnostic value of this test in 
different groups at scale and suggests the priorities to be 
addressed in forthcoming evaluations. In particular, the 
need for prospective assessments that directly compare 
FujiLAM to AlereLAM in real- life settings, recruitment 
from several geographical regions and subgroup analyses 
focusing on CLHIV and EPTB.
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