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ABSTRACT We evaluated the diagnostic performance of two tests based on the release of
lipoarabinomannan (LAM) into the urine, the MTB-LAM-ELISA assay and the Determine TB-LAM-strip
assay, in children with suspected tuberculosis (TB) in a high TB/HIV-prevalence setting.

In a prospective study, 132 children with suspected active TB were assigned to diagnostic subgroups.
Urine samples were subjected to testing by both assays to ascertain sensitivity and specificity. Host factors
associated with positive LAM results were investigated and LAM excretion monitored after antituberculous
treatment initiation.

18 (13.6%) children had culture-confirmed pulmonary TB. The assays™ sensitivity was higher in HIV-
positive versus HIV-negative children: 70% (95% confidence interval 35-93%) versus 13% (0-53%) for
MTB-LAM-ELISA and 50% (19-81%) versus 0% (0-37%) for Determine TB-LAM. In 35 (27%) children
with excluded active TB, both assays showed a specificity of 97.1% (85-100%). Proteinuria and low body
mass index were independently associated with LAM positivity. In most patients, LAM excretion declined
to zero during or at conclusion of antituberculous treatment.

HIV/TB co-infected children might benefit from LAM-based tests to aid early TB diagnosis and
subsequent positive impact on morbidity and mortality. Using LAM as a rule-in and treatment-monitoring
tool may also show further potential.
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Introduction

The diagnosis of tuberculosis (TB) is usually established by detecting mycobacteria, either through smear
microscopy or culturing methods, which is considered the current gold standard. However, due to the
paucibacillary nature of TB in children, the microbiological diagnosis is extremely difficult. Smear
microscopy is positive in <15% [1-3] and mycobacterial culture is positive in 20-80% of children with
presumed TB [1, 2, 4]. Paediatric TB diagnosis is therefore mainly based on clinical assessments, scoring
systems and radiological findings, which can be erroneous. In an autopsy study from Zambia, TB
accounted for 18% of deaths in HIV co-infected and 26% of deaths in HIV-negative children with
respiratory illnesses [5]. In contrast, during a recent review of the global burden of disease in children [6,
7], TB was not listed among the most common causes of paediatric deaths, demonstrating the low number
of microbiologically confirmed cases.

For TB cases in clinical settings, the inconsistency between pathological and epidemiological data
highlights the need for new and more accurate methods to diagnose TB in children, using non-invasive
clinical samples. Lipoarabinomannan (LAM) detection in urine for TB diagnosis was first investigated in
the late 1990s [8-10]. LAM is a 19 kD (£8.5 kD) lipopolysaccharide, specific to the cell wall of members of
the Mycobacterium genus and is released from metabolically active or degrading bacterial cells [11, 12]. It
can subsequently be detected in urine and other body fluids. Advantages of urine LAM diagnosis include
the ease of specimen collection, short bench-time, low cost and relatively low training and set up
requirements [13, 14]. Ideally the LAM-strip assay can be even performed as a point-of-care test in remote
settings. The reported sensitivity of the different LAM diagnostic tests in adults ranges between 13% [15]
and 67% [16], with best performance in patients with advanced HIV disease [15-18]. Data on children are
scarce with only one study published previously on performance of LAM diagnostic tests in children [19].

The two diagnostic assays evaluated here, the MTB-LAM-ELISA (Chemogen, Portland, OR, USA) and the
Determine TB-LAM (Alere, Waltham, MA, USA), have been studied recently in South African children,
for whom they performed poorly [19]. We evaluated the diagnostic performance of both assays in
Tanzanian children with presumed TB and a high HIV co-infection rate. We also investigated host factors
that might be related to LAM performance, as well as the change in LAM excretion during the course of
anti-TB treatment.

Methods

Study design and setting

We undertook a prospective observational study in children presenting with suspected TB at the
outpatient department of the Mbeya Zonal Referral Hospital (Mbeya, Tanzania). The study was
coordinated by the National Institute for Medical Research (NIMR) Mbeya Medical Research Centre
(MMRCQ), in close collaboration with the Mbeya Zonal Referral Hospital. The study was approved by the
ethics committee of the Tanzania National Institute for Medical Research and the local Mbeya Medical
Research and Ethics Committee. Written informed consent for all children was obtained from an
accompanying parent or a legal guardian. In addition, children aged >9 years signed an assent form.

Clinical study procedures

From May 2008 till November 2010, we approached all children with suspected TB attending the outpatient
clinic and invited them to take part in the study. Inclusion criteria were 6 weeks to 14 years of age, and at
least one of the following symptoms: persistent unremitting cough for >21 days; repeated episodes of fever
within the last 21 days; weight loss or failure to thrive within the previous 3 months. Children who had
received antituberculous treatment within the last 3 months were excluded from the study. Recruitment
procedures, baseline diagnostics, physical assessment and clinical treatment of this cohort have previously
been described [20]. Follow-up visits were scheduled at 1, 3, 6 and 12 months after enrolment or after
antituberculous treatment initiation. For this evaluation, children were retrospectively assigned to distinct
diagnostic subgroups, based on the recently proposed classification by Granawm et al. [21] (fig. 1).

A decision on antituberculous treatment initiation was made in liaison with the paediatric department of
the Mbeya Zonal Referral Hospital and the District TB and Leprosy Coordinators and was based on
microbiological and clinical findings (including tuberculin skin test and chest radiography), and previous
medical history. Antituberculous treatment was administered following Tanzanian National Guidelines and
patients diagnosed with HIV infection were referred for further staging and treatment to the relevant HIV
Care and Treatment Centres.

Sample collection and laboratory procedures
Up to three induced sputum samples were collected from each child at baseline and processed for smear
microscopy and Mycobacterium tuberculosis (MTB) culture [20]. Additionally, the Xpert MTB/rifampicin
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or and and immunological and
immunological no immunological immunological evidence of TB no immunological
evidence of TB evidence of TB evidence of TB evidence of TB
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FIGURE 1 Algorithm for diagnostic classification. Diagnostic classification for children presenting with suspected
pulmonary/intrathoracic tuberculosis (TB). In total, 379 sputum samples were analysed, 122 children gave three sputa,
six children only two and three children only one sputum sample. One child classified as “No TB”, gave no sputum
sample. In five children with signs of extrapulmonary TB, one pleural fluid sample, one ascites sample and three lymph
node aspirates were analysed. Mycobacterium tuberculosis was confirmed in the pleural fluid and in one lymph node
aspirate. Both children were additionally diagnosed with sputum culture confirmed TB. All 132 children received chest
radiography examination which was assessed by a radiologist and two clinical study investigators who were blinded to
clinical and microbiological data. In case of discrepant readings a consensus radiography diagnosis was made after
discussion among the investigators. Clinical follow-up of all analysed children allowed assessment of treatment response
in those who received antituberculous treatment.

(RIF) assay (Cepheid, Sunnyvale, CA, USA) was performed on stored, frozen sputum samples as reported
previously [20]. The results were not included in the diagnostic algorithm as all children were enrolled before
Xpert endorsement by the World Health Organization (WHO). At each study visit, a urine sample was
collected for LAM testing, either midstream urine when possible or with a collection bag in younger children.
Within 8 h of collection, all urine was boiled at 95-100°C for 30 min, centrifuged and the supernatants frozen
at —20°C. For the execution of the MTB-LAM-ELISA assay, the thawed urine was processed in duplicate,
according to the manufacturer’s instructions as described previously [18]. For the Determine TB-LAM assay,
60 uL of pre-treated urine was applied onto the sample pad of the LAM strip. After 25 min, the test band
colour intensity was compared to the colour intensity of a series of bands on a paper reference card supplied
by the manufacturer. Grade 1 colour intensity and above were defined as positive results, consistent with the
manufacturer’s instructions at the time of the study [22]. According to the manufacturer (personal
communication) and our own data, results for the Determine TB-LAM assay do not differ between
pre-treated (boiled and centrifuged) or native urine samples. All lab staff performing LAM tests was blinded
to culture results and clinical data. Furthermore, all urine samples underwent testing with urine dipsticks
(Combur-Test; Roche, Basel, Switzerland) for detection of protein, glucose, leukocytes and erythrocytes.

All participants were screened for HIV, using the HIV1/2 STAT-PAK RDT (Chembio Diagnostics Systems,
Medford, NY, USA) and following the manufacturer’s instructions. RDT results were confirmed with a
third generation ELISA (Biorad Laboratories, Redmond WA, USA) and, in case of discordance, retested by
Western Blot (MPD HIV Blot 2.2, MP Biomedicals, Geneva, Switzerland). For children below the age of
2years a PCR (Roche Amplicor) was performed instead of ELISA. In HIV-positive participants CD4
count and HIV viral load were determined by flow cytometry and PCR (Amplicor; Roche). HIV-positive
children were classified according to the WHO classification of HIV-associated immunodeficiency in
infants and children (see the online supplementary data) [23].

Statistical analysis

In contrast to the classification in the original study, all children were re-classified into five different
diagnostic groups in order to comply with the recently published proposed consensus of paediatric clinical
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case definition by Granam et al. [21]. Statistical analyses were performed using Stata statistics software
(version 12; Stata Corp., College Station, TX, USA). The sensitivity, specificity and their respective
confidence intervals were calculated using the “diagt” command in Stata. Pearson’s Chi-squared test was
used to compare binominal variables between groups (confirmed TB versus no-TB or HIV-positive versus
HIV-negative) and the non-parametric Wilcoxon rank sum test was used to compare selected baseline
characteristics of continuous variables, since none of the continuous variables was normally distributed.
The correlation of optical density values and grading of MTB-LAM ELISA and Determine TB-LAM assays
were compared by Spearman rank correlation. Univariable and multivariable log link binomial regression
analyses, using robust variance estimates, were performed to examine the influence of potentially
important factors on LAM positivity.

Results

Between May 2008 and November 2010, 180 children with presumed intrathoracic TB were enrolled into
the study. Due to an incomplete data set, 48 study subjects were excluded from this analysis. In the
majority of excluded children, 37 (77%) out of 48, no urine sample was collected at baseline. As depicted
in figure 2, all diagnostic groups were equally affected by this exclusion criterion. The remaining 132
children were assigned to one of five distinct diagnostic classification groups in line with the definitions by
GraHAM et al. [21] (figs. 1 and 2). Antituberculous treatment was offered to all children with confirmed
and probable TB and to more than half of the children with possible TB, depending on their clinical and
radiological presentation. Five children initially received antituberculous treatment, but a different
diagnosis was later established. 14 (10.5%) children who demonstrated immunological evidence of TB at
baseline, but improved without antituberculous treatment, were classified with MTB infection. Overall, a
decision for antituberculous treatment was made for 80 (61%) of the 132 children. 69 of all recruited

180 enrolled children with suspected tuberculosis

48 children were excluded

37 children without urine sample (10 of them died)
7 (19%]) with "confirmed TB"
5 (14%) with "probable TB"
10 (27%) with “possible TB"

» 2 (5%) with Mycobacterium tuberculosis infection
4 (11%) with "no TB"
9 (24%) not classifiable

9 children not classifiable
1 died early in the study, 8 were lost

2 children withdrew from study

N

132 children with LAM result and clinical
classification for analysis

|

!

!

|

l

Confirmed TB Probable TB Possible TB Mycobacterium no TB

18 36 43 tuberculosis infection| | 21

ELISA + 8 (44%) ELISA + 6 (17%) ELISA+0 14 ("latent”) ELISA+0

Strip + 5 (28%) Strip + 2 (6%) Strip + 1 (2%) ELISA + 1 (7%) Strip+0
Strip + 1 (7%)

FIGURE 2 Study flow chart with diagnostic classification of participants. The number of Mpycobacterium
tuberculosis-lipoarabinomannan (LAM)-ELISA positive urines (ELISA +) and the number of Determine TB LAM-Strip
positive urines (STRIP +) is given for each clinical diagnostic group. Confirmed TB: 18 children had microbiological
confirmation of M. tuberculosis infection. Probable TB: tuberculosis could not be microbiologically confirmed, but was
highly probable in 36 children and antituberculous treatment was offered to all of them. Possible TB: tuberculosis could
not be reliably excluded in 43 children, but they did not fulfil criteria for any other group 24 (56%) of the children with
possible tuberculosis received tuberculosis treatment. MTB-infection: 14 children demonstrated immunologic evidence of
TB, but improved without antituberculous treatment. None of them died. No TB: In 21 children, tuberculosis was
retrospectively reliably excluded. Five children initially received antituberculous treatment, but subsequently an alternative
diagnosis was established. The tuberculin skin test was non-reactive in all children, all recovered during the follow-up.
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children were hospitalised at or during enrolment, 42 of whom were included in this analysis.
Demographical, radiological and clinical data of all children and differences in parameters per group at the
time of enrolment are displayed in table 1. Apart from the clinical and radiological data presented in table
1, no further data on extra-thoracic TB disease spectrum were systematically collected.

Out of the group of culture-confirmed TB, eight TB-cases were identified by the MTB-LAM-ELISA and five
by the Determine TB-LAM-strip assay, resulting in a sensitivity of 44% (95% CI 22-69%) and 28% (95% CI
10-54%), respectively (table 2). Among the children with a strong clinical suspicion of TB, six and two
(additional) children were flagged by the MTB-LAM-ELISA and the Determine TB-LAM-strip assay,
respectively. In a combined approach, including children of both groups, the sensitivity was 26% (95% CI 15-
40%) and 13% (95% CI 5-25%), respectively. Concerning specificity, none of the LAM-assays was positive in
the group of children where TB was reliably excluded, resulting in a specificity of 100% (95% CI 84-100%) at
baseline evaluation. One child with MTB infection had positive LAM diagnostic tests. If this diagnostic group
is included in the calculation, the overall specificity was 97.1% (95% CI 85-100%) for both tests. In the direct
comparison of both LAM-assays, the MTB-LAM-ELISA detected 14 of the 54 children with confirmed or
probable TB, whereas the Determine TB-LAM-strip assay only identified 7 of those children.

The overall HIV prevalence in our study cohort was 51%. In children with confirmed TB, the sensitivity of
both LAM diagnostic tests was significantly higher in HIV-positive compared with HIV-negative children:
70% (95% CI 35-93%) versus 13% (95% CI 0-53%) were detected by the MTB-LAM-ELISA and 50%
(95% CI 19-81%) versus 0% (95% CI 0-37%) by the Determine TB-LAM assay (table 2). The comparison
of the performance of both LAM-assays in children with advanced or severe immunosuppression versus
those with mild or no immunosuppression does however not suggest a higher sensitivity of LAM
diagnostics in those with advanced HIV infection.

Employing binominal regression analysis, we found an independent and strong association between
proteinuria and LAM positivity for the MTB-LAM-ELISA (table 3). No other urine-associated factors such
as haematuria, leukocyturia, specific weight or glycosuria could be linked with a positive LAM result (data
not shown). Testing the influence of additional host factors, we found that a positive MTB-LAM-ELISA was
independently associated with a low body mass index (BMI) for age and with higher mortality (table 3).

Similarly, a significant association of the Determine TB-LAM with low BMI was found. Trends for increased
risk were demonstrated for concomitant HIV infection and proteinuria, but did not reach significance
(table 4). No significant influence of age or sex on test positivity could be demonstrated for either assay.

In the per-sample analysis of the 16 urine samples identified as positive by one of the assays at baseline,
the quantitative readouts of the Determine TB-LAM (grade 1-5) and the LAM ELISA optical density
measurements showed a good correlation, reflected by a Spearman rank correlation of rho=0.79, p=0.0003
(data not shown). Seven out of eight positive Determine TB-LAM tests were graded 2 or above, the
remaining test was grade 1, which was a positive result at the time of testing.

In 13 out of 14 children with confirmed or probable TB and a positive LAM result at baseline, both LAM
assays were performed at follow up visits. Figure 3 shows the general decline of signal positivity for the
MTB-LAM-ELISA at different time points after starting antituberculous treatment. Overall, signal intensity
reached zero after 3 months of antituberculous treatment in six participants with MTB-LAM-ELISA-positive
urine samples at baseline. Only one child excreted measurable LAM more than 7 month after
antituberculous treatment started. Clinically, all children responded well to treatment and were considered
cured after 6 months of therapy. The same trend towards a major decline of signal positivity during
antituberculous treatment was seen for the Determine TB LAM assay (data not shown).

In the HIV-infected subgroup with confirmed TB diagnosis, both LAM-diagnostic tests demonstrated a better
sensitivity than smear microscopy, which detected only 30% of all HIV-positive confirmed TB-cases (fig. 4).
The combination of smear microscopy and Determine TB LAM strip led to a combined sensitivity of 60%
(fig. 4) and smear microscopy plus MTB-LAM-ELISA amounted to a sensitivity of 80%. Combining the
Xpert MTB/RIF assay and any of the LAM assays led to an overall sensitivity of 90% amongst these children,
as both LAM-tests detected one confirmed TB case which was negative in the Xpert MTB/RIF-assay (fig. 4).

Discussion

We evaluated the diagnostic performance of the MTB-LAM-ELISA and the new and easier-to-use Determine
TB-LAM strip test in a paediatric cohort from a resource limited setting in Tanzania with high TB and HIV
burden. In line with studies on adults [15, 16, 18, 24], both assays showed a poor sensitivity when compared
to MTB culture, which increased significantly in children with HIV co-infection. However, contrary to reports
on adults [15, 16, 25], a positive correlation between advanced immunosuppression and increased sensitivity
of the LAM-tests could not be confirmed by our paediatric data. Interestingly, LawN et al. [26] reported that
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TABLE 1 Baseline characteristics of children in different diagnostic classes

Included children Excluded children”  Confirmed TB Probable TB Possible TB MTB infection No TB p-value®
Subjects n 132 45 18 36 43 14 21
Sex male* 70 (53) 22 (50) 7 (39) 19 (53) 22 (51) 8 (57) 14 (67) 0.083
Age years 6.8 (3.9-9.5) 2.1 (0.7-5.5) 7.3 (4.8-11.5) 6.8 (3.9-9.4) 7.2 (3.9-10.0) 5.2 (2.6-8-8) 5.9 (3.9-10.1) 0.383
BMI for age z-score —0.44 (-1.5-0.4) -1.35 (-3.1-0.1) -1.21(-2.6-0.1 -0.11 (-1.2-0.6) -0.96 (-2.0-0.2) 0.56 (-0.3-1.1) —0.49 (-1.2-0.4) 0.105
TST reactive 44 (36) 11 (31) 10 (59) 18 (55) 5(12) 11 (92) 0 <0.001
Proteinuria >30 mg® 13 (10) 3(20) 4(22) 4(11) 4(10) 0 1(5) 0.104
Mortality 11 (8) 11 (24) 0 3(8) 8(19) 0 0
Days to treatment 21 (7-58) 15 (5-40) 9 (6-25) 18 (7-44) 31 (13-76) N/A 40 (6-61) 0.307
HIV-positive 67 (51) 19 (53) 10 (56) 18 (50) 22 (51) 4(29) 13 (62) 0.688
In HIV-positive children:
ART at baseline 17 (25) 3(16) 1(10) 5 (28) 7(32) 0 4 (31) 0.231
No significant immunosuppression 18 (27) 1(6) 1(10) 5 (28) 5 (24) 1(25) 6 (46) 0.062
Mild immunosuppression 5 (8) 1(6) 2 (20) 0 2 (10) 0 1(8) 0.385
Advanced immunosuppression 8(12) 0 3(30) 2(11) 1 (5%) 1 (25) 1(8) 0.162
Severe immunosuppression’ 35 (53) 15 (88) 4 (40) 11 (61) 13 (62) 2 (50) 5 (38) 0.940

Data are presented as n (%) or median (interquartile range), unless otherwise stated. Site of tuberculosis for children with confirmed tuberculosis (TB): two perihilar infiltrate, nine hilar
lymphadenopathy, three tuberculous bronchopneumonia, four tuberculous pleural effusion. Site of tuberculosis for children with probable TB: nine perihilar infiltrate, nine hilar
lymphadenopathy, seven tuberculous bronchopneumonia, three tuberculous pleural effusion, three military TB, one cavitating pulmonary TB. MTB: Mycobacterium tuberculosis; BMI: body

mass index; TST, tuberculin skin test; ART: antiretroviral therapy. #. for three of the 48 excluded children no further clinical data were available; - p-value for comparison between
children with confirmed TB and no TB using Pearson’s Chi-squared test for binary and the Wilcoxon rank-sum test for continuous variables; *: for one (excluded) child no sex information

was available; & for two included children no urine dipstick result was available; ’: for one included child no CD4 count was measured and the level of immunosuppression could not be

calculated.
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TABLE 2 Diagnostic performance of both lipoarabinomannan (LAM) assays
Sensitivity® Specificity
Confirmed TB  Probable TB Combined TB diagnosis TB excluded Combined TB excluded and TB infection

AUl children

ELISA 8/18 (44) 6/36 (17) 14/54 (26) 21/21 (100) 34/35 (97)
Determine strip 5/18 (28] 2/36 (6) 7/54 (13) 21/21 (100) 34/35 (97)
HIV-negative children

ELISA 1/8 (13) 2/18 (11) 3/26 (12) 8/8 (100) 18/18 (100)
Determine strip 0/8 (0) 1/18 (6) 1/26 (4) 8/8 (100) 18/18 (100)
HIV-positive children

ELISA 7/10 (70) 4/18 (22) 11/28 (39) 13/13 (100) 16/17 (94)

Determine strip 5/10 (50) 1/18 (6) 6/28 (21) 13/13 (100) 16/17 (94)

Immunosuppression
Mild or not significant

ELISA 3/3 (100) 2/5 (40) 5/8 (63) 7/7 (100) 8/8 (100)

Determine strip 2/3 (67) 1/5 (20) 3/8 (38) 7/7 (100) 8/8 (100)
Advanced or severe

ELISA 4/7 (57) 2/13 (15) 6/20 (30) 6/6 (100) 8/9 (89)

Determine strip 3/7 (43) 0/13 (0) 3/20 (15) 6/6 (100) 8/9 (89)

The diagnostic performance of both LAM assays is shown for HIV-negative and HIV-positive children. For HIV-positive children, two subgroups
were analysed. The children with no significant or mild immune suppression were compared with thechildren with advanced or severe immune
suppression. The Pearson’s Chi-squared test was used to compare LAM positivity between HIV-positive versus HIV-negative children. The
difference of MTB-LAM positivity in confirmed and probable TB HIV-negative versus HIV-positive was p=0.020. The difference of Determine TB
LAM strip positivity in confirmed and probable TB HIV-negative versus HIV-positive was p=0.055. #: data presented as test positive/total n children
in diagnostic class (%); T: data presented as test negative/total n TB negative children (%)

TABLE 3 Association of host factors with MTB-LAM-ELISA positivity in confirmed and probable

TB cases
Subjects LAM RR (95% Cl) p-value

Age 54 14 (26) 1.07 (0.93-1.22) 0.371
Sex

Female 28 8 (29) 1

Male 26 6 (23) 0.81(0.32-2.03) 0.650
HIV status

Negative 26 3(12) 1

Positive 28 11 (39) 3.40 (1.06-11.0) 0.040
Immunosuppression

None or mild 8 5 (63) 1

Advanced or severe 20 6 (30) 0.48 (0.20-1.15) 0.100
Proteinuria

No 39 7 (18) 1

Yes 14 7 (50) 2.79 (1.18-6.58) 0.019
BMI for age

Z score 54 14 (26) 0.76 (0.60-0.96) 0.020
Died

No 51 12 (24) 1

Yes 3 2 (67) 2.83 (1.09-7.32) 0.032
TB classification

Confirmed TB 18 8 (44) 1

Probable TB 36 6(17) 0.38 (0.15-0.93) 0.033

Data are presented as n or n (%), unless otherwise specified. Results from separate univariable binomial
log link regression models for each of the above variables. A significantly increased risk for a positive
Mycobacterium tuberculosis (MTB)- lipoarabinomannan (LAM]-ELISA result was found in participants with
confirmed tuberculosis (TB) diagnosis, concomitant HIV infection, proteinuria, low body mass index (BMI)
and participants who died during the course of the trial. In a multivariable model, which only included HIV,
BMI and proteinuria, the risk ratios (RRs) and p-values remained similar, demonstrating an independent
association of these variables with LAM-positivity.
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TABLE 4 Association of host factors with Determine TB LAM positivity in confirmed and
probable TB cases

Subjects LAM RR (95% CI) p-value

Age 54 7 (13) 1.23 (0.96-1.58) 0.100
Sex

Female 28 5(18) 1

Male 26 2 (8) 0.43 (0.09-2.06) 0.292
HIV status

Negative 26 1(4) 1

Positive 28 6 (21) 5.57 (0.70-44.1) 0.104
Immunosuppression

None or mild 8 3(38) 1

Advanced or severe 20 3(15) 0.40 (0.09-1.62) 0.199
Proteinuria

No 39 4(10) 1

Yes 14 3(21) 2.09 (0.53-8.30) 0.295
BMI for age

Z score 54 7 (13) 0.67 (0.48-0.92) 0.012
Died

No 51 6(12) 1

Yes 3 1(33) 2.83 (0.48-16.9) 0.253
TB classification

Confirmed TB 18 5 (28) 1

Probable TB 36 2 (6) 0.20 (0.04-0.95) 0.042

Data are presented as n or n (%), unless otherwise stated. Results from separate univariable binomial log
link regression models for each of the above variables. A significantly increased risk for a positive
Determine TB LAM was demonstrated for confirmed tuberculosis (TB) diagnosis and low body mass index
(BMI) for age, similar to the association demonstrated for the Mycobacterium tuberculosis (MTB)-
lipoarabinomannan (LAMJ-ELISA. Trends for increased risk were demonstrated for concomitant HIV
infection and proteinuria, but did not reach significance level.
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FIGURE 3 Signal intensity of Mycobacterium tuberculosis (MTB)- lipoarabinomannan (LAM)-ELISA at different time points
after initiation of tuberculosis (TB) treatment. A drop of signal intensity of the MTB-LAM-ELISA for children with confirmed
and probable TB during the course of antituberculous treatment was observed. Optical density (OD) results for HIV-positive
participants are shown in red solid lines, results for HIV-negative participants as black dashed lines. The median OD at
baseline was higher for HIV-positive children compared with HIV-negative children (0.221 versus 0.118, respectively). The
signal intensity reached 0 after 3 month of treatment in six participants. One child excreted measurable LAM more than
7 months after TB therapy started. Y-axis shows logarithmic scale for mean OD. Neg.: negative.

especially those (adult) individuals with advanced disease and poor outcome were detected by urine-based TB
diagnostic assays such as the LAM-test. The fact that, in our study, LAM positivity was positively and
independently associated with culture-confirmed TB, a low BMI-z-score and death might further support
these findings. Furthermore, and equally to findings from adult studies [18], we found a correlation between
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FIGURE 4 Sensitivity of single and combined tuberculosis (TB) diagnostic tests in HIV-infected children. This graph shows
the sensitivity of each diagnostic test alone and the additional gain when combining lipoarabinomannan (LAM) diagnostic
tests with either smear microscopy or Xpert MTB/RIF-assay in HIV-postive individuals with confirmed TB. LAM-Strip:
Determine-TB-LAM; LAM ELISA: MTB LAM-ELISA; Xpert: GeneXpert.

proteinuria and LAM-positivity, indicating that the excretion of LAM might also depend on the condition of
the kidney membrane. This and other risk factors for LAM-positivity require further investigation in order to
better define the potential paediatric target group for LAM-based diagnostics in the future.

Our data regarding the overall sensitivity of the Determine TB-LAM strip test, were comparable with those
previously published for a paediatric cohort from Cape Town [19]. However, the Cape Town study was
unable to demonstrate an improved LAM sensitivity in TB/HIV co-infected children. Unfortunately, an
in-depth comparison of our findings with those of NicoL et al. [19] is hampered by the extremely low
sensitivity of both LAM tests, as well as the poor correlation between the MTB-LAM-ELISA and the
Determine TB-LAM strip test in that study.

Contrary to our previously published data from the same setting in Tanzania [18, 27] and the data
published by NicoL et al. [19], the specificity of both LAM assays was high in our cohort. Depending on
the hygienic standards and the procedures during sample collection, false-positive LAM results had been
observed previously, most likely due to contamination of the sample with environmental mycobacteria or
other bacteria [27]. In this study, we collected urine samples with great precautions, including washing
instructions and the use of clean containers, in order to avoid false positive results. However, especially in
HIV-positive children response to antituberculous treatment should be closely monitored as LAM-based
urine tests cross react with other pathogenic mycobacteria (e.g. Mycobacterium avium complex) and might
influence results. Although the sensitivity of both LAM assays was unsatisfactory, and the requirements for
correct sample collection are high, our data indicate that the use of urine LAM-based tests as rule-in test
could still be advantageous for children in certain settings where sophisticated TB diagnostics are not
available but strict urine collection criteria can be adhered to.

Furthermore, the fact that a decline of LAM-excretion could be measured during treatment may open up a
possibility to monitor antituberculous treatment success in LAM positive children. Although LAM-based
TB diagnosis has the disadvantage that it does not include information on drug resistance, it could be
hypothesised that ongoing excretion of urine LAM during treatment might provide information on
insufficiently treated drug resistant TB. Larger studies with a long clinical follow up are needed to further
scrutinise this hypothesis.

One weakness of our study is the relatively low number of 18 confirmed TB cases, which prevented a
definite conclusion of the performance of LAM assays in certain subgroups, such as HIV-negative children
or in children with HIV co-infection and different levels of immunosuppression. Furthermore, the
exclusion of 37 children from the analysis because no urine sample or LAM result was available at
baseline, may have introduced a selection bias. Urine collection was more cumbersome especially in
younger and sicker children as it requires both the child’s and the caregiver’s cooperation and may be
affected by medical causes such as dehydration. However, gathering a urine specimen was not a priority
when the main study was designed, and we are confident that the proportion of children with an available
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sample would be higher if staff could be trained accordingly. We hypothesise that the exclusion of young
children with advanced disease might have led rather to an underestimation of LAM-sensitivity, as data
from our analysis indicate.

In conclusion, both LAM tests demonstrated a reasonable sensitivity in HIV-positive TB-infected children,
whereas for HIV-negative children the sensitivity was extremely poor. The combination of LAM tests with
other rapid TB diagnostics could substantially improve the detection of TB in HIV co-infected children.
This holds promise for earlier TB-diagnosis in children, which might in turn have an impact on childhood
morbidity and mortality associated with TB. Additionally, clean sample collection methods to achieve a
high specificity have to be defined in more detail.
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