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S U M M A R Y  

B A C K G R O U N D : Detection of lipoarabinomannan (LAM) 
in urine is a promising non-sputum-based test for TB. We 
aimed to evaluate Fujifilm SILVAMP TB-LAM (FujiLAM) 
for the diagnosis of TB in children, using AlereLAM as a 
comparator. 
M E T H O D S : Between January 2019 to July 2021, chil-
dren and young adolescents with presumptive TB disease 
were enrolled in five countries as part of the RaPaed-TB 
study. Standardised microbiological, radiologic, and 
clinical data were used to define TB category following 
published consensus criteria. FujiLAM and AlereLAM 
were performed on a single urine sample at enrolment. 
R E S U L T S : Of 975 children enrolled, 818 (83.9%) had 
FujiLAM results available. Median age was 5.5 years 
(interquartile range 2.4–9.4), 83 (10.1%) had severe 
acute malnutrition, and 138 (16.9%) were living with 

HIV. Using a microbiological reference standard, overall 
sensitivity of FujiLAM was 31.0% (95% confidence in-
terval [CI]: 24.7–37.9) and that of AlereLAM 13.3% 
(95% CI: 9.0–18.8), whereas the overall specificity was 
89.8% (95% CI: 86.3–92.7) and 92.7% (95% CI: 89.6– 
95.1), respectively. Marked differences in FujiLAM ac-
curacy were noted between production lots. 
C O N C L U S I O N : FujiLAM remains a promising non- 
invasive, urine-based biomarker for childhood TB di-
agnosis. However, the observed lot-to-lot variability 
underscores the need for improved assays with rigorous 
multi-lot evaluations to ensure reliability in future 
studies. 
K E Y  W O R D S :  tuberculosis; paediatric TB; LAM; Fuji-
LAM; South Africa; Tanzania; Mozambique; Malawi; 
India 

The diagnosis of TB disease in children is challenging, 
despite concerted efforts to develop new diagnostic 
tools. Microbiological confirmation is challenging and 
existing diagnostics perform sub-optimally in children, 
resulting in many undiagnosed, untreated, and unre-
ported cases.1–3 The WHO has prioritised the devel-
opment of novel point-of-care tests that can diagnose 
TB regardless of age, HIV, or nutritional status.4,5 

Urine lipoarabinomannan (LAM) detection offers a 

promising non-sputum target for TB diagnosis. Cur-
rently, AlereLAM (Abbott, Palatine, IL, USA) is the 
only commercially available lateral-flow immunoas-
say, but its sensitivity is sub-optimal, and limited to 
people living with HIV (PLHIV) with TB symptoms or 
advanced HIV.6 The Fujifilm SILVAMP TB-LAM 
assay (FujiLAM; Fujifilm, Tokyo, Japan) is a newer, 
more sensitive test under development. Early studies in 
hospitalised adult PLHIV with TB showed higher 
FujiLAM sensitivity (70.0%) versus AlereLAM 
(42.3%).7 Modelling in South Africa predicted that a 
future LAM test with a sensitivity similar to FujiLAM 
has the potential to avert 29.6% of TB deaths and 
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17.7% of incident cases in people with TB symptoms 
regardless of HIV status.8 However, evidence in 
children remains insufficient9–11; a systematic review 
found FujiLAM more sensitive than AlereLAM in 
children, but more prospective data are needed.12 

In this study, we prospectively tested FujiLAM in a 
paediatric diagnostic TB cohort in five low- and 
middle-income countries (LMICs) to evaluate the di-
agnostic accuracy of FujiLAM, using AlereLAM as a 
comparator. 

METHODOLOGY 

This diagnostic accuracy study was part of the 
RaPaed-TB study (ClinicalTrials.gov, NCT03734172) 
in five high-TB-incidence countries (South Africa, 
Tanzania, Mozambique, Malawi, and India).13,14 

Children and young adolescents (,15 years of age) 
with presumptive TB were enrolled. Children who 
were critically ill, with a body weight ,2 kg, or on TB 
medication for more than 72 h (treatment or pro-
phylaxis) were excluded. After enrolment, all children 
attended follow-up visits at month 1 and month 3; 
those who started on TB treatment or were still 
clinically unwell at month 3 had an additional visit at 
month 6. 

Study procedures 
Participants’ demographic and clinical data were 
recorded, including medical history, physical exami-
nation, and HIV testing according to local guidelines. 
Tuberculin skin test, chest radiography, and two re-
spiratory samples for TB reference standard testing 
were collected by sputum induction (African centres) 
or gastric aspirate (Indian centre). Extra-pulmonary 
samples were obtained when indicated. Samples un-
derwent Xpert MTB/RIF Ultra® assay (Ultra, Cepheid 
Inc., USA), liquid culture (MGIT, BACTEC MGIT 
960, Becton Dickinson), and solid culture 
(Löwenstein–Jensen) testing. Positive acid-fast bacilli 
were confirmed using the MPT64 Ag test and Geno-
Type MTBDRplus V2® line-probe assay (Hain Life-
science, Germany).15 Urine samples were collected 
into sterile containers or using urine bags for nappy- 
wearing children following cleaning the area, and 
stored at �20°C when immediate testing was not 
possible. Both FujiLAM and AlereLAM were per-
formed during the first visit according to manufac-
turer’s instructions. FujiLAM used approximately 
200 lL of urine, involving five steps, taking up to 
60 min as previously described.7,11 Any visible test line 
was considered positive. AlereLAM used 60 lL of 
urine, incubated for 25 min, and was visually inter-
preted. Any positive result was considered and grading 
was documented. To minimise bias for AlereLAM 
grading, AlereLAM was always performed and read 
before FujiLAM, and laboratory staff were blinded to 
participants’ clinical and microbiological results. 

Reference standards 
Diagnostic classifications followed adapted NIH- 
consensus clinical case definitions for paediatric TB 
diagnostic studies (Supplementary Data Table S1).15 

Reference standards were derived based on clinical 
case definitions: a Microbiological Reference Standard 
(MRS) comparing ‘confirmed TB’ (culture and/or 
Xpert Ultra, MRS positive) to ‘unlikely TB’ (MRS 
negative) and a Composite Reference Standard (CRS) 
comparing ‘confirmed’ and ‘unconfirmed TB’ (CRS 
positive) with ‘unlikely TB’ (CRS negative). 

Statistical analysis 
To describe the study population, we present per-
centages for categorical variables and medians with 
interquartile ranges (IQRs) for continuous variables. 
In the diagnostic accuracy analysis, we calculated 
sensitivity, specificity, and predictive values for the 
investigational assays against the defined reference 
standard (i.e., MRS and CRS). We also performed 
subgroup analyses stratified by population and de-
terminants (e.g., age, study sites, HIV status, and 
urine collection methods). The McNemar’s test for 
paired samples was used to compare the sensitivity 
and specificity of FujiLAM and AlereLAM, and the 
v2 test to compare independent proportions. To 
ascertain factors associated with FujiLAM and 
AlereLAM positivity, a multilevel mixed-effects lo-
gistic regression model with random intercepts for 
country was conducted. First, univariable regression 
models were fitted for each covariate, and variables 
with P , 0.20 or those producing .10% change in 
the effect estimate for the main exposure were in-
cluded in the multivariable model. Crude odds ratio 
and multivariable adjusted odds ratio, along with 
95% confidence intervals (CIs) and P values, were 
reported. To identify if there is an underlying tem-
poral trend in the dataset without requiring the 
specification of any given model, locally weighted 
scatter plot smoothing (LOWESS) was used to 
graphically represent the association between sen-
sitivity and specificity and time as a proxy of lot 
number. A P value ,0.05 was considered statisti-
cally significant. Statistical analyses were performed 
using Stata (version 17.0, StataCorp, College Sta-
tion, TX) and R statistical software. 

Ethical statement 
This study was performed following the study 
protocol and the Declaration of Helsinki.16 The 
protocol and the informed consent documents used 
in this study were approved by the coordinators and 
all sites’ institutional review boards. Written con-
sent was provided by parents or guardians, with 
witnessed oral consent for illiterate participants. 
Older children provided assent according to local 
guidelines. 
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RESULTS 

From January 2019 to July 2021, a total of 
5,313 potentially eligible children were screened, and 
975 were enrolled. Among those, 149 were excluded 
because no FujiLAM or AlereLAM tests were per-
formed. In 826 with paired FujiLAM and AlereLAM 
test results, another 8 participants were excluded 
because of invalid FujiLAM results. Thus, 818 
(83.9%) children were included in this analysis, of 
which 24.8% (203/818) were categorised as con-
firmed, 28.4% (232/818) as unconfirmed, and 46.8% 
(383/818) as unlikely TB (Figure 1). The median age 
was 5.5 years (IQR 2.4–9.4) and 438 (53.5%) were 
male. Overall, 138 (16.9%) were children living with 
HIV; of those, 43.9% (58/132) were ART-naı̈ve or on 
ART ,1 month at enrolment, and 10.1% (83/818) of 
the children had severe acute malnutrition (SAM) 
(Table, Supplementary Data Table S2). 

Figure 2 visualises the head-to-head comparison of 
FujiLAM and AlereLAM. Using the MRS (confirmed 

TB vs. unlikely TB), n ¼ 203 children were classified as 
MRS positive. Of those, 134/203 (66.0%) tested 
negative on both FujiLAM and AlereLAM, 42/203 
(20.7%) were positive on FujiLAM only, and 6/203 
(3.9%) on AlereLAM only, while 21/203 (10.3%) 
children were positive on both. Of those children 
classified as MRS negative, 28/383 (7.3%) were only 
positive in FujiLAM, 17/383 (4.4%) only using 
AlereLAM, and 11/383 (2.9%) were positive in both 
(Figure 2A). Using CRS, n ¼ 435 children were 
identified as CRS positive. Of those, 321/435 (73.8%) 
tested negative on both FujiLAM and AlereLAM, 64/ 
435 (14.7%) were positive on FujiLAM only, and 22/ 
435 (5.1%) on AlereLAM only, while 28/435 (6.4%) 
children were positive on both FujiLAM and Aler-
eLAM (Figure 2B). 

Using the MRS, the overall sensitivity of FujiLAM 
was 31.0% (95% CI: 24.7–37.9) and that of Aler-
eLAM was 13.3% (95% CI: 9.0–18.8), being signif-
icantly different (P , 0.0001). Overall specificity was 
89.8% (95% CI: 86.3–92.7) for FujiLAM and 92.7% 

Figure 1. STARD diagram with FujiLAM test results by TB case definitions. 
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(95% CI: 89.6–95.1) for AlereLAM (Figure 3). By age 
group, the sensitivity of FujiLAM was highest and 
higher than that of AlereLAM in children aged 
10 to ,15 years (FujiLAM: 39.5%; 95% CI: 28.4– 
51.4 vs. AlereLAM: 7.9%; 95% CI: 3.0–16.4; P , 

0.0001), and in children aged ,5 years (FujiLAM: 
32.4%; 95% CI: 22.0–44.3 vs. AlereLAM: 13.3%; 
95% CI: 9.0–18.8, P ¼ 0.04). Specificities were rel-
atively similar across age groups and tests, ranging 
from 87.5% (95% CI: 81.8–91.9) to 92.8% (95% CI: 
87.1–96.5) for FujiLAM and 88.0% (95% CI: 82.5– 
92.4) to 97.8% (95% CI: 93.8–99.5) for AlereLAM. 

By HIV status, FujiLAM had a higher sensitivity, 
which was significantly greater than that of Aler-
eLAM, among HIV-uninfected children (FujiLAM: 
31.4%, 95% CI: 24.2–39.3; AlereLAM: 12.8%, 95% 
CI: 8.0–19.1; P , 0.0001). Analysis by CD4-count 

was limited due to the small sample size (Supple-
mentary Data Table S4). By nutrition status, the 
sensitivities for FujiLAM were higher, but lower for 
AlereLAM in children with SAM (FujiLAM: 37.0%; 
95% CI: 19.4–57.6 vs. AlereLAM: 11.1%; 95% CI: 
2.4–29.2; P ¼ 0.02). The sensitivity of FujiLAM was 
also higher than that of AlereLAM in children with no 
malnutrition (FujiLAM: 32.0%; 95% CI: 24.6– 
40.1 vs. AlereLAM: 14.0%; 95% CI: 8.9–20.6; P , 

0.001), although it remained lower than in those with 
SAM. Specificities were similar across all subgroups 
and for both assays. 

When accuracy was assessed by country, FujiLAM 
demonstrated the highest sensitivity among South 
African children, which was significantly greater than 
that of AlereLAM (FujiLAM: 50.8%; 95% CI: 37.5– 
64.1 vs. AlereLAM: 14.5%; 95% CI: 8.8–22.0; P , 

Table. Baseline and clinical characteristics of study participants by diagnostic classification. 

Characteristics 
Confirmed TB Unconfirmed TB Unlikely TB Total 

N ¼ 203 N ¼ 232 N ¼ 383 N ¼ 818 

Men, n (%) 113 (55.7%) 132 (56.9%) 193 (50.4%) 438 (53.5%) 
Age in years, median (IQR) 7.2 (2.4–11.9) 5.4 (2.4–9.0) 5.3 (2.5–8.2) 5.5 (2.4–9.4) 
Age in years, n (%) 

,5 74 (36.5%) 108 (46.6%) 184 (48.0%) 366 (44.7%) 
5 to ,10 years 53 (26.1%) 74 (31.9%) 138 (36.0%) 265 (32.4%) 
10 to ,15 years 76 (37.4%) 50 (21.6%) 61 (15.9%) 187 (22.9%) 

HIV status, n (%) 
HIV uninfected 181 (89.2%) 166 (71.9%) 316 (82.5%) 663 (81.2%) 
HIV infected 21 (10.3%) 63 (27.3%) 54 (14.1%) 138 (16.9%) 
Unknown 1 (0.5%) 2 (0.9%) 13 (3.4%) 16 (2.0%) 

Malnutrition, n (%) 
SAM 27 (13.3%) 25 (10.8%) 31 (8.1%) 83 (10.1%) 
MAM 26 (12.8%) 27 (11.6%) 43 (11.2%) 96 (11.7%) 
No malnutrition 150 (73.9%) 180 (77.6%) 309 (80.7%) 639 (78.1%) 

Country, n (%) 
South Africa 59 (29.1%) 58 (25.0%) 46 (12.0%) 163 (19.9%) 
Tanzania 37 (18.2%) 47 (20.3%) 112 (29.2%) 196 (24.0%) 
Mozambique 19 (9.4%) 68 (29.3%) 91 (23.8%) 178 (21.8%) 
Malawi 32 (15.8%) 55 (23.7%) 105 (27.4%) 192 (23.5%) 
India 56 (27.6%) 4 (1.7%) 29 (7.6%) 89 (10.9%) 

IQR ¼ interquartile range; SAM ¼ severe acute malnutrition – defined as weight-for-height below �3 Z scores; MAM ¼
moderate acute malnutrition – defined as weight-for-height below �2 Z scores. 

Figure 2. A: Three-way Venn diagram of FujiLAM, AlereLAM, and MRS results; B: Three-way Venn diagram of FujiLAM, AlereLAM, 
and CRS results. MRS ¼ microbiological reference standard; CRS ¼ composite reference standard. 
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Figure 3. Sensitivity, specificity, and predictive values of Fujifilm SILVAMP TB-LAM in children with ‘microbiological confirmed TB’ 
and ‘Unlikely TB’ (MRS). TP ¼ true positive; FP ¼ false positive; TN ¼ true negative; FN ¼ false negative; SAM ¼ severe acute 
malnutrition; MAM ¼ moderate acute malnutrition. 
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0.001). In other countries, FujiLAM sensitivities were 
lower, and with no statistically significant difference 
from AlereLAM. Notably, FujiLAM specificity was 
lowest in South African children (73.9%; 95% CI: 
58.9–85.7), while differences in AlereLAM specificity 
across countries were less pronounced (Supplementary 
Data Table S4). 

Accuracy was further assessed by clinical and op-
erational characteristics (Supplementary Data Table 
S4). FujiLAM’s sensitivity was higher with same-day 
urine processing (36.3%; 95% CI: 27.8–45.4) than 
after storage (22.8%; 95% CI: 14.1–33.6), but with 
wide and overlapping CIs. The specificities remained 
similar regardless of processing time. FujiLAM’s 
sensitivity was higher with urine bags (58.3%; 95% 
CI: 27.7–84.8) than with catch urine (26.1%; 95% CI: 
18.2–35.3), but with wide and overlapping CIs. 
AlereLAM sensitivity and specificities stayed compa-
rable regardless of processing time. 

Applying CRS, the overall sensitivity of FujiLAM 
(21.1%; 95% CI: 17.4–25.3) was lower compared to 
MRS but remained higher than that of AlereLAM 
(11.5%; 95% CI: 8.7–14.9), with similar specificity 
(Supplementary Data Table S5). 

Determinants of LAM true positivity and negativity 
were assessed using logistic regression comparing 
MRS-positive children with positive versus negative 

LAM (Supplementary Data Tables S6–S9). The true 
positivity and true negativity of FujiLAM were asso-
ciated with the lot numbers (19001, 20001, 20003, 
and 20004). Specifically, lot 20001 had lower odds of 
true positivity (OR ¼ 0.09, 95% CI: 0.01–0.84), while 
lot 20004 had higher odds of true negativity (OR ¼
4.27; 95% CI: 1.08–16.83), both compared to lot 
19001 as the reference. 

In a post-hoc analysis, we assessed the differences in 
test accuracy, examining FujiLAM and AlereLAM 
sensitivity and specificity trends over time using a 
locally weighted smoothing scatter plot (LOWESS). As 
FujiLAM lot numbers were not systematically recor-
ded per test, time served as a proxy for lot variation. 
LOWESS curves stratified by site showed considerable 
differences, suggesting a temporal trend of decreasing 
sensitivity and increasing specificity over time 
(Figure 4; Supplementary Data Figure S1). 

DISCUSSION 

In this evaluation of the performance of FujiLAM 
compared to AlereLAM in a large cohort of children 
with presumed TB across five LMICs, we found a 
higher sensitivity of FujiLAM compared to AlereLAM 
overall and in subgroups of interest. Accuracy esti-
mates were similar across subgroups, with trends of 

Figure 4. The LOWESS curve showing a trend relationship between the sensitivity and specificity over time for FujiLAM and 
AlereLAM, respectively. A: LOWESS curve indicating FujiLAM sensitivity decreasing over time; B: LOWESS curve indicating FujiLAM 
negativity increasing over time; C: LOWESS curve showing AlereLAM sensitivity remaining fairly constant over time; D: LOWESS curve 
showing AlereLAM specificity remaining fairly constant over time. 
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higher sensitivity in HIV-uninfected children and those 
with SAM for FujiLAM. We did notice an overall low 
concordance between tests positivity between Aler-
eLAM and FujiLAM. In addition, there were marked 
differences in estimated accuracy depending on geo-
graphic location and over time for FujiLAM, but not 
AlereLAM, suggesting a marked impact of production 
lot. In addition, both tests demonstrated sub-optimal 
sensitivity across all groups, falling short of WHO 
performance criteria for screening or diagnostic tests. 

FujiLAM sensitivity in our study was lower than in 
previous studies in children, where sensitivity ranged 
from 42.0% to 63.0%.12 Differences in reference 
standards might explain these variations, as studies in 
childhood TB face methodology challenges due to 
imperfect reference standards. While all published 
FujiLAM accuracy studies in children applied NIH- 
consensus case definitions, the reference standard 
application and interpretation varied.9–11 Our results 
suggest similar or even higher sensitivities for both 
FujiLAM and AlereLAM in some subgroups, espe-
cially children ,5 years and those with malnutrition. 
Nicol et al.9 reported FujiLAM and AlereLAM sen-
sitivities of 61.9% and 66.7% in children with mal-
nutrition. Malnutrition is a known risk factor for TB 
and for severe disease,17 supporting the idea that LAM 
tests may be useful for the evaluation of TB in mal-
nourished children. When considering operational 
characteristics, FujiLAM showed higher sensitivity, 
but both tests had lower specificity in urine bag 
samples, potentially due to faecal contamination 
compared to catch urine.18 

We noticed a low concordance of test positivity 
between AlereLAM and FujiLAM, suggesting that 
these assays, or at least one of them, might have little 
value. In a study evaluating FujiLAM compared to 
AlereLAM on the same urine sample in PLHIV, both 
assays were positive in 31.6% of those with micro-
biologically confirmed TB.19 An additional 28.1% 
were positive on FujiLAM only and 8.8% on Aler-
eLAM only, overall suggesting a greater concordance 
between assays compared to our results. 

Our findings suggest a marked impact of production 
lot on FujiLAM accuracy. Although lot numbers were 
not recorded per test, retrospective linkage using 
testing dates and lab notes indicated significant tem-
poral variation in FujiLAM sensitivity and specificity, 
unlike AlereLAM. This aligns with previous reports of 
lot-to-lot variability from a large multicentre study 
(n . 1,600)20 and in a recent prospective evaluation of 
FujiLAM in PLHIV.19 Manufacturing optimisation of 
the FujiLAM assay to address lot-to-lot variability has 
reportedly been completed, but field evaluations re-
main limited. Adzemovic et al.21 assessed the modified 
Fujifilm SILVAMP TB-LAM assay (FujiLAM II) on 
frozen urine samples from adults with advanced HIV, 
yet only one production lot was used, and assay 
modifications were undisclosed. These limitations 

underscore the unresolved lot-to-lot variability issues 
and hinder robust interpretation of FujiLAM results. 

Previous FujiLAM diagnostic accuracy studies in 
children used biobanked urine samples.9–11 Connely 
et al.22 demonstrated that freezing of unprocessed 
urine reduces LAM concentration, potentially lower-
ing sensitivity. Broger et al.23 found high LAM sta-
bility after freezing but noted slightly higher sensitivity 
in fresh samples. In our study, half of the children had 
fresh urine tested; neither stratification nor logistic 
regression yielded strong evidence for significant as-
sociations, supporting evidence that freezing and 
storage likely have a limited impact on FujiLAM 
performance.23 

This study has some limitations. Participants were 
largely recruited at tertiary referral hospitals and 
utilised rigorous definitions for presumptive TB cases 
that may limit the generalisability of our findings.2 

Nevertheless, a strength was rigorous diagnostic 
processes, including microbiological testing to ensure 
a sufficient number of confirmed TB cases. Despite a 
large sample size, the number of confirmed TB cases in 
most subgroups was small, limiting the precision of 
results. 

CONCLUSION 

Our findings underscore the potential use of LAM 
assays for TB diagnosis in children, and LAM remains 
a promising biomarker that offers the vital advantage 
of non-invasiveness and quick turnaround time. Urine, 
as a sample type, is easy to collect and well-suited for 
children, but improved tests for TB detection are 
needed. Our data suggest variations in performance 
estimates of FujiLAM across different production lots. 
This highlights the need for future studies to rigorously 
evaluate multiple lots of novel assays to ensure reli-
ability and generalisability. 
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