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We have previously demonstrated that Mycobacterium bovis BCG-specific immunoglobulin G antibodies in
lymphocyte secretions (ALS) can be employed as a marker for active tuberculosis (TB). We aimed to determine
whether the ALS method allows detection of subclinical TB infection in asymptomatic individuals. A prospec-
tive study of family contacts (FCs) of patients with active TB and healthy controls was performed. Thirteen of
42 FCs had high ALS responses, including 6 FCs who subsequently developed active TB. No correlation was
observed between the tuberculin skin test and the ALS responses in the FCs (r = 0.1, P = 0.23). Among patients
with active TB, BCG-specific ALS responses steadily declined from the time of diagnosis through 6 months
following antimycobacterial chemotherapy (P = 0.001). The ALS assay enabled detection of infection in
exposed symptom-free contacts, who are at greater risk for developing active TB. The method may also allow
discrimination between effective treatment of active infection and suboptimal response to therapy.

With the emergence of multidrug-resistant Mycobacterium
tuberculosis and the pandemic of human immunodeficiency
virus, tuberculosis (TB) is a reemerging infectious disease con-
cern worldwide. About one-third of the world’s population is
believed to be latently infected with M. tuberculosis (7). Immu-
nocompetent individuals with M. tuberculosis infection have a
10% risk during their lifetimes of developing active disease,
becoming new foci for transmission, with half of this risk being
in the first 2 years after exposure (5, 25). It is therefore im-
portant to identify people at risk for recent infection with M.
tuberculosis, i.e., close contacts of patients with infectious pul-
monary TB, persons having clinical conditions associated with
an increased risk for progression to active TB (for example,
human immunodeficiency virus infection, injection drug use,
and fibrotic lesions on chest radiograms), children, and those
who are in an early active phase of their infection (1, 4).

Determination of the prevalence of latent infection is help-
ful for better understanding the epidemiology of TB and for
designing and evaluating TB control strategies (1). The accu-
rate diagnosis of latent or subclinical TB infection is an impor-
tant component of many TB control programs and depends
largely on tuberculin skin testing (TST). In developed coun-
tries, in the absence of a better method, the TST using M.
tuberculosis purified protein derivative (PPD) is currently used
nearly exclusively. However, in developing countries with high
rates of M. bovis BCG vaccine use, TST is unreliable because

* Corresponding author. Mailing address: Immunology Laboratory,
Laboratory Sciences Division, ICDDR,B: International Center for
Health & Population Research, Mohakhali, Dhaka-1212, Bangladesh.
Phone: 880-2 8811751, ext. 2404. Fax: 880-2 8812529. E-mail:
rubhana@icddrb.org.

1022

of the broad antigenic cross-reactivity of PPD with environ-
mental nontuberculous strains and the BCG vaccine. About 10
to 20% of patients with proven TB and without any apparent
immunosuppression have negative TST results (13, 20). The
sensitivity of TST is low, especially in critically ill and immu-
nosuppressed patients with disseminated TB (14). Therefore,
there is substantial need for methods to accurately discrimi-
nate between latent and active TB infections in regions where
the disease is endemic.

Recently we developed a rapid diagnostic method for the
identification of patients with active TB (22). The technique
allowed differentiation between BCG-vaccinated healthy sub-
jects and patients with symptomatic M. tuberculosis infection.
Our aim in the present study was to further investigate the
potential use of the method involving antibodies in lymphocyte
secretions (ALS) for detection of subclinical TB infection in
exposed asymptomatic contacts.

MATERIALS AND METHODS

Study subjects and sampling. Adult patients with suspected pulmonary TB
(with <4 weeks of antimycobacterial drug treatment) cared for at the National
Institute of Diseases of the Chest and Hospital (NIDCH) in Dhaka, Bangladesh,
were prospectively studied as index cases at the time of enrollment (day 1) and
2 and 6 months later (these patients had been involved in a previous study; see
reference 22). The diagnosis of TB in the index cases was established by clinical
presentation, chest radiograph examination, and positive sputum smear results as
well as the ALS assay (22). The clinical evaluation signs of TB included lung
opacity, pyrexia, weight loss, and a high erythrocyte sedimentation rate (ESR).
All patients received standard therapy that included rifampin, isoniazid, pyra-
zinamide, and ethambutol. Signed informed consent was obtained from all pa-
tients and their household contacts and healthy controls in accordance with the
guidelines of the Ethical Review Committee of ICDDR,B and the Swedish Heart
and Lung Foundation. The study was approved by the Ethical Review Commit-
tee of ICDDR,B.
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One or two close family contacts (FCs) per patient (usually the spouse and/or
family members living in the same household) were enrolled in the study and
monitored prospectively at 2 and 6 months. At the time of entry into the study,
FCs with active TB were excluded by clinical examination, sputum microscopy,
and chest radiographs. Twenty-five healthy laboratory personnel (with no known
exposure to M. tuberculosis) from ICDDR,B were selected as healthy controls
from Bangladesh (BHCs), an area where TB is endemic. Additionally, 10 healthy
laboratory personnel were enrolled as healthy controls from the Karolinska
Institutet in Sweden (SHCs), an area where TB is not endemic. A TST (0.1 ml,
5 U of tuberculin; Sigma Chemical Co., St. Louis, Mo.) was performed on the
FCs and BHCs only. To determine if a patient had been vaccinated for TB, a
medical history was obtained from each patient; each patient was also inspected
for a scar that typically forms after previous vaccination with BCG. Since some
of the FCs developed active disease at later times, all FCs (excluding dropouts)
were monitored for another 4 months for further evaluation (day 300). Active TB
was defined in FCs by the presence of a chronic cough for >3 weeks, with chest
radiographic abnormalities, fever, high ESR, and positive sputum microscopy
(acid-fast bacilli [AFB]).

Blood was collected from the index cases and FCs at the day of enrollment
(day 1) and at 2 and 6 months after enrollment. In addition, single blood
specimens were obtained from BHCs and SHCs. Sputum specimens were col-
lected from all TB patients and from FCs when TB was suspected, and specimens
were subjected to sputum microscopy (AFB smear) and culture for M. tubercu-
losis on Lowenstein-Jensen medium by use of standard culture techniques. The
ESR was measured in blood samples from patients and FCs only by the West-
ergren technique (15).

BCG-specific inmunoglobulin G (IgG) ALS. The ALS assay was performed as
described earlier (22). In brief, peripheral blood mononuclear cells were sepa-
rated from whole blood by differential centrifugation and suspended in 24-well
tissue culture plates (Costar, Cambridge, Mass.) in RPMI 1640 medium (GIBCO
BRL, Grand Island, N.Y.) containing 10% fetal bovine serum (GIBCO), 2 mM
L-glutamine, and a 1% concentration of an amphotericin B-penicillin-streptomy-
cin mixture (Sigma). Cells (10° cells/ml) were incubated at 37°C with 5% CO»,
and the culture supernatant was collected at 72 h postincubation. A cocktail of
protease inhibitors (0.2 pM 4-aminoethyl benzenesulfonyl fluoride, 1 pg of
aprotinin per ml, 10 uM leupeptin, 1 mg of sodium azide per ml in phosphate-
buffered saline) was added to the supernatant, and samples were stored at —70°C
until used for assay.

With BCG vaccine used as the antigen (freeze-dried glutamate-BCG vaccine
for intradermal use, lot no. 1861 [Japan BCG Laboratories, Tokyo, Japan]; no
preservatives added, saline used as the diluent), IgG titers were measured in
supernatants by an enzyme-linked immunosorbent assay as described previously
(22). Microtiter plates (Nunc Maxisorp) were coated with BCG vaccine (1 pg/
well in carbonate buffer, pH 9.8) and after overnight incubation at 4°C were
blocked with 10% fetal bovine serum in phosphate-buffered saline (pH 7.2) at
37°C for 60 min. Following a wash, lymphocyte supernatants of appropriate
dilutions were added and incubated for 2 h at 37°C. After another wash, the
plates were incubated with rabbit anti-human IgG-horseradish peroxidase con-
jugate for 2 h at room temperature. Finally, the plates were developed with the
substrate O-phenylenediamine, and the optical density was measured at 492 nm
after the enzyme reaction was stopped. Antigen-specific responses were ex-
pressed as relative titers, which were defined as the optical density multiplied by
the dilution factor of the sample.

In a previous study of verified TB cases, the cutoff for a positive ALS response
was determined by constructing a receiver-operator characteristic curve from the
BCG- and PPD-specific ALS responses, comparing patients with TB and healthy
controls (22). Selection of the best cutoff point was based on the level at which
the accuracy was maximum. The best cutoff was found to be 0.42 for BCG-
specific responses at a sensitivity of 93% and a specificity of 80%, which was also
used in the present study.

Statistical analysis. Statistical analyses were carried out using SigmaStat soft-
ware 2.03 (Jandel Scientific, San Rafael, Calif.). Comparisons within groups were
made with the one-way analysis of variance (ANOVA) or ANOVA of ranks as
appropriate. Comparisons between groups were done using a ¢ test when appli-
cable. Correlation of data was analyzed by Spearman’s rank order test. P values
of =0.05 were considered significant.

RESULTS

Demography of subjects. Forty patients (geometric mean
[GM] age, 32 years; range, 30.36 to 33 years) with suspected
pulmonary TB were recruited from the NIDCH. The day of
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enrollment was considered day 1. Among TB index cases, 5
were lost to follow-up at the 2-month time point (leaving 35
patients), and 10 more were lost at 6 months (leaving 25). A
total of 42 close FCs (GM age, 34.3 years; range, 32.7 to 35.9
years) of the TB patients were recruited in the study, of which
17 were lost to follow-up at 2 months (leaving 25 FCs), and 5
more were lost at 6 months (leaving 20). The high attrition rate
was due to the fact that most patients and their FCs came from
areas of Bangladesh that are quite remote from the national
TB hospital situated in Dhaka. A total of 35 healthy controls
(25 BHCs and 10 SHCs; GM age, 30.7 years; range, 29.8 to
31.56 years) were enrolled in the study. Twenty-four of 42 FCs,
24 of 25 BHCs, and 5 of 10 SHCs were BCG vaccinated in
childhood.

ALS responses in FCs. Out of 42 FCs at day 1, 8 had high
BCG-specific ALS responses, though chest radiographs were
clear for all (Fig. 1). Five of these FCs returned for the
2-month follow-up. They provided sputum specimens for
smear examinations and cultures, but none of the specimens
were positive (Table 1). However, within the next 4 months,
four of these FCs developed early symptoms suggestive of TB
(FCs 1 to 4) and returned to the hospital for evaluation. AFB
were seen, and M. tuberculosis was isolated from the sputum of
FCs 1 and 2, while culture and smear results for the other two
FCs remained negative at 6 months (Table 1). However, within
the next two months, the sputum smear microscopy results for
FCs 3 and 4 were found to be positive, and these FCs were thus
classified as having pulmonary TB. The fifth person did not
return for further evaluation.

Five additional FCs who were negative by the ALS assay at
day 1 became positive at 2 months. At 6 months, among these
five FCs (FCs 5 to 9), FCs 5 and 6 showed symptoms of TB,
and their sputum was positive for AFB. FCs 1 to 6 were
provided antimycobacterial therapy. FCs 7, 8, and 9 did not
become ill (Fig. 1). Instead, at the follow-up visit at 6 months,
the ALS responses of these FCs decreased to below the cutoff
level, and examinations of their sputum obtained at 2 and 6
months remained negative for AFB. Two additional FCs who
had negative ALS responses at the earlier times were ALS
response positive at day 180. However, they were not moni-
tored after day 180, and the health status of these FCs is not
known.

None of the 11 FCs with an ALS response lower than the
cutoff value was found to develop active TB within the study
period. None of the healthy controls (neither BHCs nor SHCs)
were found to be ALS response positive, and the responses in
the two groups were comparable (P = 0.4).

ALS responses in index cases after 6 months. As shown
previously (22), ALS responses in index cases were significantly
higher at day 1 than those in BHCs (GM relative titer, 0.15;
range, 0.13 to 0.15) or SHCs (GM relative titer, 0.09; range,
0.07 to 0.11) (P = 0.001) (Fig. 2). A gradual decline in relative
titers of BCG-specific antibodies was found in index cases from
day 1 (GM, 0.77; range, 0.73 to 0.83) to 2 months, and by 6
months, ALS antibody titers had declined significantly (GM,
0.22; range 0.2 to 0.24; P = 0.001) (Fig. 2), although the titers
at 6 months remained significantly higher than those of con-
trols. Among the seven patients who were infected with mul-
tidrug-resistant strains of M. tuberculosis, two patients did not
improve clinically after 5 months of antimycobacterial therapy
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FIG. 1. BCG-specific IgG ALS responses (relative titers) in lymphocyte secretions in FCs of patients with active TB (index cases) on day 1 and
at 2 and 6 months after enrollment. Nine FCs (arrows labeled 1 to 9) who had specific IgG ALS responses above the cutoff level at the different
time intervals are identified. FCs 1 to 6 later developed clinical symptoms and were given antimycobacterial treatment. FCs 7 to 9 were sputum
culture negative and did not develop TB; their ALS responses were below the cutoff at 6 months. Three additional contacts had high ALS responses
at day 180 and were not monitored thereafter.

(Table 2), and their ALS responses remained high at 6 months. When the ALS responses of FCs at day 60 were compared
Therapy was modified after 5 months. When ALS responses with those of patients at day 1 (before treatment was initiated),
were measured at 10 months, they were found to have de- the difference was not significant (P = 0.058).

creased substantially, concomitant with clinical improvement TST results for FCs and healthy controls. The diameters of
(ALS titers of 0.237 for index case 00650 and 0.217 for index induration resulting from TST were measured after 72 h, and
case 00530). the TST results were expressed in millimeters of induration. In

TABLE 1. Clinical features of nine family contacts with BCG-specific IgG titers above the cutoff level (0.42)

Presence or duration BCG-specific IgG (relative

Sputum smear/culture results at:

FC no TST result of chronic cough at: Radiological sign titer) at:
’ (mm) at 6 mo

Day 1 6 mo Day 1 2 mo 6 mo 8 to 10 mo Day 1 2 mo 6 mo
1 17 Absent =5 wk —/— —/— +/+ ND Infiltration 0.44 0.63 0.72
2 20 Absent 7 wk —/— —/— +/+ ND Infiltration 0.57 0.91 0.9
3 15 Absent =4 wk —/— —/—= —/— +/+ Infiltration 0.53 1.21 1.03
4 18 Absent 4-5 wk —/—- —/— —/— +/+ Doubtful 0.69 0.78 0.74
5 14 Absent 5-6 wk —/—= —/—= +/+ ND Infiltration 0.30 1.38 1.1
6 12 Absent =5 wk —/= —/= —/+ ND Infiltration 0.33 0.69 0.65
7 18 Absent Absent —/— —/—= —/— —/= Clear 0.22 0.55 0.39
8 16 Absent Absent —/= —/= —/= —/= Clear 0.17 0.48 0.39
9 12 Absent Absent —/— —/—= —/— —/= Clear 0.14 0.43 0.33

“ FCs 1 to 6 actually developed TB with sputum smear conversion. FCs 7 to 9 had high BCG-specific IgG titers at 2 months that declined by the follow-up at 6 months.
ND, not done.
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FIG. 2. Comparison of BCG-specific IgG ALS responses (relative titers) in lymphocyte secretions from index cases at different time points
during the course of the disease. Short bars represent GM titers of specific IgG for the groups. Specific IgG ALS responses at 2 and 6 months were
significantly lower than those on day 1 (marked by asterisks). Patients had significantly higher ALS responses at all time points than BHC (P =
0.001) and SHC (P = 0.009). Statistical comparison between groups was performed using the one-way ANOVA or ANOVA on ranks.

accordance with the guidelines in Bangladesh, a TST response
was interpreted as positive for TB infection in the absence of
any signs or symptoms of active TB when an induration diam-
eter of =10 mm was found (19). Based on the above definition,
55.5% of FCs (25 of 42) were positive by TST (=10 mm).
Among 25 TST-positive FCs, 9 had high ALS responses, while
among the 17 TST-negative FCs, 4 had high ALS responses.
Among the 11 BCG-nonvaccinated FCs, 6 were TST positive
compared with 19 of 31 BCG-vaccinated FCs. The GM diam-
eter of the TST induration in HBCs was 11.25 mm with a range
of 10.6 to 12 mm. Out of 25 BHCs, 5 were negative by TST.
The GM ALS titer for BHCs was 0.15 (range, 0.14 to 0.16).

TABLE 2. ALS responses in index cases infected with multidrug-
resistant strains of M. tuberculosis during the course of the
study period

Sputum smear/culture result ALS response® at:

Index at:
case no.

Day 1 2 mo 6 mo Day 1 2 mo 6 mo
00810 +/+ —/- —/= 0.86 0.7 0.35
00324 +/+ +/+ —/— 0.81 1.11 0.21
00889 +/+ —/= —/= 0.46 0.48 0.37
00530 +/+ +/+ +/+ 0.45 1.59 0.63
00546 +/+ —/- —/= 1.54 0.65 0.15
00864 +/+ —/= —/= 0.77 0.51 0.35
00650 +/+ +/+ —/+ 0.85 0.73 0.48

“ ALS responses are expressed as BCG-specific IgG titers.

TST responses in FCs and healthy controls were compared
with the ALS responses. No significant correlation was seen
between the TST and ALS responses in the FCs (r = 0.1, P =
0.23) or the BHCs (r = 0.02, P = 0.24).

DISCUSSION

We have recently reported a novel technique to detect broad
anti-TB-specific antibody responses in order to rapidly identify
patients with active TB. This technique allows discrimination
of active TB from non-TB illness in patients in whom TB is
part of the differential diagnosis, as well as from BCG vaccine-
induced immune responses (22). In the present study, we re-
port the potential use of this method for identifying subclinical
TB infection in asymptomatic contacts of TB index cases who
later progressed to active TB.

Household FCs are at high risk for developing active TB. It
is important to evaluate prospectively whether FCs with high
anti-BCG-specific IgG ALS responses are at even higher risk
of developing active TB and are likely to benefit from preven-
tive therapy. Thirteen FCs had high ALS responses but were
asymptomatic at the first and/or second presentations. Though
there was a substantial decline in the number of FCs in sub-
sequent follow-up visits, at least six of these FCs became symp-
tomatic and developed illnesses compatible with active TB
(with AFB smear or culture positivity). High ALS responses in
asymptomatic FCs may indicate recent subclinical infection
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with M. tuberculosis that may progress to active TB. Unfortu-
nately, due to a high dropout rate, it was not possible to
determine if there were individuals with negative ALS re-
sponses who developed disease later or individuals with posi-
tive ALS responses who did not develop active TB. Thus, data
in the present study do not allow for extracting sensitivity and
specificity figures. Long-term systematic follow-up (1 to 2
years) of a larger cohort of patients and FCs would be needed
to evaluate the specificity, sensitivity, and predictive value of
the ALS assay for development of active TB.

The finding of positive TST readings in some FCs who did
not exhibit high ALS responses was not unexpected. This could
occur due to exposure to environmental or atypical mycobac-
teria or to BCG vaccination (16). Earlier studies have shown
that about 50% of household FCs were positive by TST, and
some contacts did not become ill (10). On the other hand,
among patients with culture-confirmed TB and no apparent
immunosuppression, 10 to 20% have negative TST results (14,
20). The relationship between the size of the TST induration
after M. tuberculosis infection and the risk of active TB is not
well defined (1, 9). Many studies have shown that the protec-
tion conferred by BCG vaccination does not depend on the
degree of tuberculin sensitivity induced by the vaccine (3, 6, 9,
11). A study using BCG-vaccinated mice showed that delayed-
type hypersensitivity responses and protective immunity were
dissociated phenomena (21). Many close contacts of TB index
cases do not develop active TB, possibly because they possess
protective immunity against TB (25). It is thus conceivable that
after frequent exposure to index cases and despite having a
transient increase in ALS responses at 2 months, FCs 7 to 9 did
not develop active TB. However, the present state of knowl-
edge does not permit discrimination between exposed persons
who are at risk for developing active TB and those who have
protective immunity. In vitro correlates of protective immunity
to mycobacteria have yet to be identified (25).

T-cell-specific gamma interferon (IFN-y) responses to M.
tuberculosis-specific antigens (ESAT-6 and CFP-10) have been
used to detect latent TB infection and were found to be highly
specific when tested in both BCG-vaccinated and -nonvacci-
nated subjects (2). However, about one-third of these TST-
positive subjects did not have detectable responses to ESAT-6
and CFP-10; this result was similar to the proportion of TST-
positive subjects in the present study that did not have a pos-
itive ALS response. Since a positive TST response can occur
after exposure to nontuberculous mycobacteria, the use of a
positive TST response as the “gold standard” for indicating
latent TB could be one reason for the discrepancy. In regions
where TB is endemic, FCs of TB patients have higher ESAT-
6-specific T-cell responses than the patients with active disease
themselves (17, 27), thereby limiting the use of the method to
countries where the disease is not endemic. However, many
studies have reported that this defect in IFN-y production is a
feature of severe TB when patients are immunocompromised
(12, 26). Neither the TST nor the IFN-y responses reliably
differentiated among active TB, remission from TB, and latent
TB. The innate sensitivity of the TST for detecting latent TB is
not known because of a lack of a gold standard test for latent
infection. However, the modified ESAT-6-specific IFN-y spot-
forming cell method enabled the identification of patients with
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active TB (24) as well as subclinical or latently infected TST-
positive healthy FCs of the patients (8, 18).

Patients with active TB had significantly higher IgG ALS
responses than their FCs, and successful anti-TB chemother-
apy resulted in a progressive decline in the ALS responses and
normalization within 6 months. The findings of this study sug-
gest that the ALS method possibly allows for discrimination
between effectively treated active infection and suboptimal re-
sponse to therapy and thus may be applicable for monitoring
therapeutic responses. Earlier studies have used antibody-se-
creting cell responses to TB-specific antigens that also allowed
monitoring of therapeutic responses in TB patients (23). How-
ever, there are conflicting data regarding the frequency of
IFN-y-producing cells reacting to ESAT-6 in relation to dis-
ease monitoring, with both high (24) or low (17) levels re-
ported for patients during anti-TB chemotherapy. Moreover,
there is a long-term persistence of ESAT-6-specific responses
in patients in remission from pulmonary TB in areas of ende-
micity, making it difficult to discriminate between latent TB
and remission from TB (28).

In conclusion, our data support the prospects of using the
ALS method for detecting subclinical infection in exposed
contacts and for monitoring disease activity in TB patients. The
technique may be useful in countries where latent TB infection
and BCG vaccination use are prevalent, as BCG vaccination is
not a limiting factor. Furthermore, the testing of various anti-
gens of M. tuberculosis for recognition by ALS is in progress,
which may allow the identification of suitable antigens for
increasing the sensitivity and specificity of this method. The
potential applications of the ALS assay would include the
evaluation of recent TB contacts in countries with high TB
rates and in industrialized countries for contact tracing as well
as for screening immigrants from countries where TB is en-
demic. Further studies will be needed to evaluate these possi-
bilities as well as the potential usefulness of this test in clinical
management of symptom-free subjects with positive TST re-
sults to determine whether prophylactic therapy is needed.
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