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A new potential biomarker for
childhood tuberculosis
One of the major research areas for tuber-
culosis (TB) focuses not only on diagnostics
but also on biomarkers that can provide
prognostic data about the disease course and
response to treatment. Although progress
has been made, improved tests for paediatric
TB are especially needed. Young children are
at increased risk of progressing to TB after
exposure, and may suffer from disseminated
forms of the disease. Due to the paucibacil-
lary nature of paediatric disease, the current
armamentarium and future pipeline of TB
diagnostics that largely rely on microbial
growth and/or molecular detection are
unlikely to demonstrate performance equiv-
alent to that in adults. Thus, an accurate
surrogate marker of disease may be crucial to
improving the diagnosis of paediatric TB.
We have tested and evaluated a novel B-cell
assay called the antibodies in lymphocyte
supernatant, or ALS, which has performed
very well in diagnosing TB disease both
in Asia1 2 and Africa (manuscript in prepa-
ration). Here, we report the performance
of ALS as a biomarker in children with
culture-confirmed TB.

The ALS assay is based on a principle
similar to that of the enzyme-linked immu-
nosorbent spot assay, measuring antibody-
secreting cells in cultures of peripheral blood
mononuclear cells (PBMCs). The ALS assay
detects antibody secretion from in vivo
activated plasma B cells that migrate
throughout the peripheral circulation in
response to TB antigens that are present
during active disease but not latent TB
infection.3 The ALS methodology for chil-
dren includes phlebotomy of 3.5 ml of blood
in order to isolate 5 million PBMCs; these
cells are incubated in tissue culture plates
without stimulation for 48e72 h. The
supernatant is collected, placed into BCG-
coated microtitre plates and IgG responses to
BCG are measured by ELISA.1 3 A positive
titre is defined as $0.350 optical density
units, calculated from data on healthy chil-
dren.3 In its present format, the method
requires skilled personnel and equipment for
PBMC separation from blood samples, sterile
cell cultures and ELISA.

A prospective study of children from
a low-HIV prevalence area of Bangladesh
assessed ALS responses among 58 hospital-
ised children with clinically diagnosed TB
(ages 1e14 years, 15% confirmed by culture),
16 hospitalised children ruled out for TB and
58 age-matched controls. The ALS assay was
91% sensitive and 87% specific when
compared with the clinical diagnostic algo-
rithm for diagnosing TB disease and
performed equally well in TB cases <5 years
old compared with those$5 years.3 Notably,
the BCG-specific IgG titres declined after
starting appropriate anti-TB treatment.

Figure 1 illustrates the trends in ALS titres
for nine paediatric patients with culture-
confirmed TB. Five of these patients had
drug-susceptible TB and four patients had
drug-resistant TB, including one patient
with TB resistant to isoniazid and strepto-
mycin, another with TB resistant to
rifampin, streptomycin and ethambutol,
and two patients with TB resistant to
isoniazid and rifampin (multidrug-resistant
(MDR) TB). First-line anti-TB therapy
(isoniazid, rifampin, pyrazinamide) in
patients with drug-susceptible TB resulted in
a significant reduction in ALS titres after
2 months (p¼0.016), whereas the four

patients with drug-resistant TB demon-
strated only a marginal decline in ALS
titres after 2 months of first-line anti-TB
therapy (p¼0.62), reflecting their clinical
status (table 1). However, modification of
the antibiotic regimen led to clinical
improvement and gradual reduction of the
ALS titres in three of these four patients.
The fourth patientdwith MDR TBdtook
longer time to recover clinically, despite
appropriate second-line anti-TB therapy,
which paralleled the delayed reduction in
ALS titres. Previously, we have illustrated
a similar profile of the ALS response in adults
with MDR TB.2

Time (in months)
A

LS
 t

it
re

s 
(i

n
 o

pt
ic

al
 d

en
si

ty
)

2.5

2

1.5

0.5
0.35

0
0 2 4 6

1

Figure 1 Antibodies in lymphocyte supernatant (ALS) titres during the course of anti-tuberculosis
(TB) therapy. The black dashed line represents the threshold value for a positive test, 0.35 optical
density. Solid data lines depict changes in ALS titres for children found to have culture-confirmed
drug-susceptible TB. Dotted data lines depict changes in ALS titres for children found to have drug-
resistant TB; red dotted lines represent children with multidrug-resistant TB (isoniazid and rifampin
resistant) and green dotted lines represent children with drug-resistance to isoniazid or rifampin
(but not both). ALS titres from the five children with drug-susceptible TB significantly declined after
2 months of first-line anti-TB treatment (p¼0.016). However, ALS titres failed to decline
significantly after 2 months of first-line anti-TB treatment among the four children who were later
found to have drug-resistant TB (p¼0.62). After these four children initiated second-line anti-TB
treatment, the ALS titres gradually declined, mirroring their clinical improvement.

Table 1 Demographic and clinical characteristics of patients (N¼9)

Drug-susceptible TB
(n[5)

Drug-resistant TB
(n[4)

Median age in years (range) 2.5 (1.6 to 5) 10.5 (5 to 13)

Female gender (%) 2 (40%) 4 (100%)

Known TB contact 4 (80%) 4 (100%)

Chest x-ray findings on presentation Hilar LAD only: 3 (60%)
LAD + infiltrates: 2 (40%)

Hilar LAD only: 1 (25%)
LAD + infiltrates: 3 (75%)

Median baseline ALS titre, in optical
density units (range)

1.421 (0.412 to 2.070) 0.615 (0.380 to 1.532)

Resolution of fever by 2 months 3 (75%)* 0 (0%)

Resolution of cough by 2 months 4 (80%) 1 (25%)

Median change in BMI for age/gender
over 2 months (range)

1.18 (�1.06 to 4.15) 0.48 (0.01 to 0.57)

Median change in BMI for age/gender
over 6 months (range)

2.1 (1.01 to 4.95) 0.6 (�0.5 to 0.7)

Median change in ALS titre over
2 months, in optical density units (range)

�0.690 (�1.452 to �0.152) 0.041 (�0.421 to 0.077)

Median change in ALS titre over 6 months,
in optical density units (range)

�1.151 (�1.636 to �0.214) �0.057 (�0.664 to 0.100)

*Of the four children with drug-susceptible TB who presented with fevers.
ALS, antibodies in lymphocyte supernatant; BMI, body mass index; LAD, lymphadenopathy; TB, tuberculosis.
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The ALS assay is different from traditional
serological tests that quantify TB-specific IgM,
IgG or IgA levels in serum. Since the serum
containing pre-existing antibodies in vivo is
removed on isolation of PBMCs, the ALS assay
focuses on assessing active antibody secretion
from TB-specific plasma cells circulating during
TB disease. Traditional serological tests have
greatly varied sensitivity and poor specificity
for TB disease, and the results cannot discrim-
inate active or subclinical disease from latent
TB infection.4 The sensitivity is greatly reduced
in sputum-smear negative and/or HIV-infected
individuals and may also be affected by prior
BCG vaccination, or exposure to non-tubercu-
lous mycobacteria.5 By contrast, the perfor-
mance of the ALS assay is not adversely
affected by these clinical conditions.

The ALS assay is a novel method that is
feasible and has high accuracy in detecting
TB disease in children3 and adults1 2;
however, it warrants further assessment as
a biomarker for response to therapy. Inter-
estingly, evaluation of the ALS method for
TB diagnosis in Ethiopian adults demon-
strated significant positive results for both
TB-infected and TBeHIV co-infected
patients suggesting that this test, in contrast

to presently available immunological assays,
can perform well in HIV-infected popula-
tions (manuscript in preparation).
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