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A simple and cost-effective diagnostic tool (TB Screen Test) for the screening of patients with pulmonary and
extrapulmonary tuberculosis and for differentiation of those individuals from individuals without tuberculosis,
other common infections, and healthy controls has been developed. The serological responses of purified
mycobacterial glycolipid antigens were examined by a liposome agglutination assay. The assay was able to
detect very low antiglycolipid antibody concentrations in the infected individuals. The sera from the tubercu-
losis patient group had significantly higher concentrations of antiglycolipid antibody than the sera from
uninfected control subjects, with 94% sensitivity and 98.3% specificity. Glycolipids of Mycobacterium tuberculosis
H37Rv antigens were isolated, purified, and characterized. After interchelation with liposome particles, these
purified antigens specifically bound to the antiglycolipid antibodies present in the sera of patients with
tuberculosis, resulting in the formation of a blue agglutination. This protocol clearly differentiates healthy
controls and M. bovis BCG-vaccinated subjects from those with active tuberculosis. The resultant diagnostic
tool, the TB Screen Test, is more economical and rapid (4 min) than other currently available products and

can be used for the mass screening of a heavily afflicted population.

Millions of people have died from tuberculosis (TB), a lead-
ing chronic infectious killer of youth and adults and the second
most common infectious disease worldwide (44). Advances in
rapid diagnostic techniques are urgently required both for the
early management of the 8 million to 12 million new cases of
TB that lead to 2 million deaths each year and for the 2 billion
individuals already infected with Mycobacterium tuberculosis
who are at risk of developing disease (44). In addition, about
4.6 million people worldwide are coinfected with human im-
munodeficiency virus (HIV) and M. tuberculosis (45). In India,
about 0.5 million people die annually due to TB. A delayed or
missed diagnosis of TB is also one of the leading causes of M.
tuberculosis transmission and mortality (23).

Although TB can be fully cured with the use of appropriate
antibiotics, the major hurdle to treatment for TB lies in the late
diagnosis of the disease due to the lack of simple and cost-
effective diagnostic products. Mycobacteria are complex uni-
cellular organisms with a resilient cell wall structure and can
suppress the host immune response by the immunomodulatory
action mediated by their cell wall constituents. It is well known
that after infection survival in phagocytic macrophage cells is
regulated by cell surface glycolipids. These glycolipids have a
role in providing the intracellular pathogens with pathogenic
(38) and virulence (7) properties and possess a high discrimi-
natory quality for serodiagnosis (in terms of both sensitivity
and specificity). The cell envelope of M. tuberculosis contains
an additional layer beyond the peptidoglycan that is exception-
ally rich in unusual lipids, glycolipids, and polysaccharides (10).
This layer protects the M. tuberculosis cell from the hydrolytic
enzymes and toxic radicals produced by macrophages.
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The present study explores the potential utility of glycolipid
antigens (in a multiple-antigen cocktail) for the serodiagnosis
of active TB in humans. A combination of antigen cocktails
isolated from M. tuberculosis strain H37Rv (ATCC 27294) was
analyzed on thin-layer chromatography (TLC) plates (immu-
nostaining) against pooled sera from patients confirmed to
have TB on the basis of clinical symptoms and with the
BACTEC 460 system. The antigenic cocktail was interchelated
with liposome particles and titrated with sera from individuals
with clinically confirmed TB.

The methodology proposed here offers the possibility for the
development of a rapid and cost-effective diagnostic test that
could be marketed and commercialized for the screening and
detection of M. tuberculosis infection in humans. This diagnos-
tic tool can be used in settings where a modern infrastructure
and laboratory facilities are not available and can be used for
the routine screening of large numbers of patients for TB.

MATERIALS AND METHODS

Bacterial culture and growth conditions. A lyophilized culture of M. tubercu-
losis H37Rv (ATCC 27294) on a Lowenstein-Jansen agar slant (2 X 10° CFU/ml)
was obtained from the Central Japanese Leprosy Mission in Asia Research
Institute for Leprosy, Agra, India. The bacterial culture was harvested by cen-
trifugation (10,000 X g for 20 min) at 4°C, and the pellet was washed by
resuspension in 100 ml of phosphate-buffered saline (PBS; pH 7.2). Finally, the
bacterial pellet was resuspended in 10 ml of TEN buffer (pH 8.0; 10 mM Tris
HCI, 1 mM EDTA, 100 mM NaCl), heat inactivated at 80°C (water bath) for 45
min, and then sonicated (15% pulse, 150 W) and lyophilized.

Extraction and isolation of antigen(s). Glycolipid antigens were extracted and
isolated by a previously described protocol (29), with slight modification. In brief,
the lyophilized mycobacterial powder (5 g) was placed into a glass reagent bottle,
and 100 ml of a chloroform-methanol mixture (2:1) was added to it. This mixture
was stirred at room temperature for 60 min and filtered through Whatman no. 1
filter paper. A 1/5 volume of 0.7% KCI (20.0 ml) was added to the filtrate, and
the mixture was shaken five to six times. The suspension was transferred to a
separation funnel and kept at 2 to 8°C for overnight until two distinct layers were
separated. The lower organic phase was washed with 1/5 volume of washing
solvent (chloroform-methanol-water; 3:48:47) as described above by keeping it at
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FIG. 1. Extraction of immunologically significant purified antigenic
glycolipids from a preparative TLC plate. Bands 1 to 5 were scratched
from the TLC plate and were used for further study.

2 to 8°C for overnight. The upper aqueous phase was removed, and the lower
organic phase was retained after filtration. The organic phase was dried by
evaporating the solvent in a rotary solvent evaporator at 40°C. The moisture was
removed by flushing the dried mixture with nitrogen gas. Neutral lipids were
removed from the dried mixture by adding 50 ml of chilled acetone while the
mixture was vortexed for 10 min and then filtered through Whatman no. 1 filter
paper. This step was repeated until the lipids in the flask became whitish or
colorless. The contents of the flask were filtered through Whatman no. 1 filter
paper, and the filtrate was discarded. The lipids present on the filter paper were
dissolved with chloroform-methanol (2:1) and transferred to a round-bottom
flask. The solvent was evaporated on a rotary evaporator under reduced pressure
at 40°C. The weight difference (WB — WA = 1555 — 153.0 = 2.5 g of crude
lipids, where WA is the weight of the empty round-bottom flask and WB is the
weight of the empty flask with lipid) signifies the amount of crude antigens
present in the flask. The crude preparation was reconstituted in 10 ml of chlo-
roform-methanol (2:1) and stored at —20°C for further use.

Purification of antigen(s). Silica gel H (S.D. Fine Chemicals, New Delhi,
India), which was activated at 110°C for 1 h (in a hot-air oven) was packed into
a glass column (2.5 by 30 cm) with manual tapping, and a known quantity of
crude material (1.0 g/5 ml of stock) was loaded on either side of the column. The
column was run in an ascending direction in a chromatographic jar (4.5 by 25 cm)
with purification solvent (150 ml; mobile phase) at a ratio of 65:25:4 (chloroform-
methanol-water) (22) and room temperature until the solvent reached the other
end of the column. The column was removed from the chromatographic jar and
placed in a fume hood to evaporate the solvent from the column. A 1-cm length
of each fraction was carefully scrapped with a clean rod to separate the individual
molecules that were adsorbed with the silica gel, depending on the mobility and
retardation factor (Ry) value (percent mobilities of the five fractions, 46.6, 53.4,
58.3, 67.2, and 72.4%) of the individual molecule. The individual fractions were
collected and placed into clean dry glass test tubes, which were labeled with the
respective fraction number. Ten milliliters of extraction solvent (mixture of
chloroform-methanol [2:1]) was added to each test tube, and the test tubes were
kept at room temperature for 30 min. The purity of the eluted material was
analyzed by TLC, and the selected fractions were further filtered through What-
man no. 1 filter paper to remove the silica gel from the samples. The pure
fractions were pooled and run on preparative TLC plates to reconfirm the Ry
value. After extensive study, the individual bands were scratched from the TLC
plate (Fig. 1), the silica gel was removed, and the samples were analyzed by liquid
chromatography with a mass spectrometer. Further biochemical characterization
(43) and immunological characterization (17, 27) of the glycolipid antigen frac-
tions were done as described previously. The pure fractions were pooled and
used for further study. The Ry value was calculated by using the following
formula: (distance traveled by the solvent/distance traveled by solute) X 100.

Estimation of amounts of glycolipids. The glycolipid moieties present in the
samples were quantified by a previously described procedure (43), followed by
staining with the periodate-Schiff reagent for the detection of phosphatidates and
glycolipids. In addition, the purification solvent (chloroform-methanol-water [65:
25:4) method for the detection of glycolipids was used as described previously
(22). The presence of glycolipids in these samples was further confirmed by
a-naphthol staining for glycolipids (34). These samples were analyzed in detail by

CLIN. DIAGN. LAB. IMMUNOL.
?

B-1 B-2

11 111

A1 A-2

FIG. 2. Immunoreactivity of antigenic glycolipid characterized on a
TLC plate with a serum sample from a patient confirmed to have an
active case of TB with the BACTEC 460 system. Serum samples: A-1,
immunoreactivity of antiglycolipid antibodies with serologically posi-
tive sera of patients with active pulmonary TB on a TLC plate; A-2,
immunoreactivity of antiglycolipid antibodies with serologically posi-
tive sera of patients with extrapulmonary TB on a TLC plate; B-1,
immunoreactivity of serologically significant antigens with sera from
healthy BCG-vaccinated humans for cross-reactivity study on a TLC
plate; B-2, immunoreactivity of serologically significant antigens with
sera from BCG-unvaccinated healthy humans for cross-reactivity study
on a TLC plate. Arrows indicate reactive bands.

TLC and stained with vapor from iodine crystals in a dry, humidity-free chro-
matography staining chamber. Various methods were used to determine the
concentration of glycolipid present in the appropriate samples. These included
biochemical and immunological methods (17, 43), followed by estimation of the
amounts of sugar residues present in the samples.

The glycolipid sample (0.1 ml) was dried in a clean glass test tube, and 2 ml of
orcinol solution (5-methylresorcinol; 2 mg/ml of 70% [vol/vol] sulfuric acid) was
added to the sample. The reaction mixture was heated at 80°C for 20 min, and
after it cooled, the absorbance at 505 nm of the color that developed was
measured. The amounts of sugar moieties present in the glycolipids were calcu-
lated by using a glucose calibration curve.

Characterization of antigen(s). (i) Immunostaining on TLC plates. The anti-
glycolipid antibodies were detected by immunostaining on TLC plates, as de-
scribed previously (36), with minor modifications. The TLC plates (silica gel
H-50 on an aluminum sheet; Merck, Darmstadt, Germany) were cut to 2.5 by 6.5
cm and activated at 110°C for 10 min. The plates were taken out and kept at
room temperature (with the avoidance of moisture), a pencil dot was made 1.0
cm from either end, and 20-pl samples were gradually loaded. The samples were
run in the descending direction in a chromatographic jar containing 5 ml of
purification solvent (for glycolipids), which consisted of a mixture of chloroform-
methanol-water (65:25:4), and the solvent was run to the other end. The TLC
plates were carefully removed from the jar with forceps and were kept over a
blotting sheet at room temperature so that they could dry. Serum samples from
patients with clinically confirmed TB were diluted 1:20 (0.2 ml of serum and 3.8
ml of PBS [pH 7.2]), and the diluted serum sample was poured into a clean petri
plate. The TLC plate was dipped in the serum sample without shaking and was
kept at 37°C for 1 h. The TLC plate was rapidly washed twice (without shaking)
with wash buffer (PBS and 0.1% Tween 20), followed by incubation at 37°C for
30 min with rabbit anti-human immunoglobulin G (IgG) conjugated with per-
oxidase enzymes (Calbiochem, La Jolla, Calif.) diluted to a final concentration of
1:5,000. The TLC plate was again washed and developed with 3,3',6"6-diamino-
benzidine (DAB; Sigma, St. Louis, Mo.) solution (0.1% DAB in 100 mM Tris
(hydroxymethyl) aminomethane hydrochloride [pH 8.0], 100 mM NiCl,, 0.006%
H,0,). The reaction was stopped by washing the TLC plates with distilled water.
The compound reacted with R, values (46.6, 53.4, 58.3, 67.2, and 72.4) similar to
those described above (Fig. 2).

(i) ELISA. Polystyrene 96-well microtiter enzyme-linked immunosorbent as-
say (ELISA) plates (F.8; Maxisorp; Nunc, Roskilde, Denmark) coated with 100
wl of antigen solution (1.0 wg/ml in n-hexane) per well were dried overnight at
37°C and blocked with 1.0% polyvinylpyrrolidone (PVP; Himedia, Mumbai,
India) in PBS (pH 7.5) at 37°C for 3 h. The plates were washed with wash
solution (PBS and 0.1% Tween 20) for 1 min at room temperature and dried
under vacuum in a desiccator. Dilution buffer (100 ul; PBS, 1.0% PVP, 0.1%
Tween 20 [pH 7.5]) and 10 pl of a serum sample from a patient with clinically
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FIG. 3. Accessories for TB Screen Test: TB Screen Test card; neg-
ative control, positive control, and liposomal antigen suspension (bot-
tles from left to right, respectively); and mixing sticks.

confirmed TB were added to each well, and the plates were incubated at 37°C for
30 min. The plates were washed five times for 5 min each time with wash buffer
(PBS, 0.5 M NaCl, 0.1% Tween 20). Goat anti-human IgG conjugated to per-
oxidase (Calbiochem) was diluted at ratio of 1:50,000 in dilution buffer (PBS,
0.1% Tween 20, 1.0% PVP), 100 pl of this mixture was added to each well, and
the plates were incubated at 37°C for 30 min. After the plate was washed as
described above, 100 pl of 3,3'5,5'-tetramethylbenzidene (1.0% in dimethyl
sulfoxide [Sigma]) was prepared in substrate buffer (citrate phosphate buffer,
0.006% H,0, [pH 5.0]) and added to each well. The plates were incubated at
room temperature for 15 min in the dark. The reaction was stopped with 50 wl
of stop solution (2.5 N H,SO,), and the absorbance at 450 nm was measured with
a microtiter plate reader (Dynatech, Chantilly, Va.). The cutoff value was deter-
mined by using the mean optical density of the negative control +0.2. The gray
area for the samples was calculated as a value of =10% of the cutoff value. Since
the chloroform and methanol solutions are corrosive for the microtiter ELISA
plates, the samples were dried (by the evaporation method) and dissolved with
n-hexane. After characterization of the antigens, the antigenic cocktails were
interchelated with liposome vesicles, which were found to be the best model for
such a study.

(iii) Liposomes. Liposomes were prepared as described previously (3), with
minor modification. Phosphatidylcholine (100 mg), cholesterol (500 mg; Sigma),
antigenic suspension (20 mg; antigenic cocktail), and dye (50 ul; 1.0% Sudan
black B in chloroform) were placed in a predried round-bottom flask. The
solvent was evaporated with a rotary vacuum evaporator under reduced pressure.
The dried contents were dissolved in 40 ml of absolute alcohol (99.9%; Hyman)
and were kept at 4°C for 1 h. Sucrose solution (4 ml; 150 mM) was placed in a
polypropylene centrifuge tube (capacity, 35 ml), and 4 ml of a preprepared
alcoholic antigen suspension was added to the tube while the tube was gently
vortexed. The tubes were kept overnight at 4°C for liposome swelling, and then
the tubes were individually vortexed with 10 ml of PBS (pH 6.5) buffer and
centrifuged (Beckman, Fullerton, Calif.) at 15,000 X g for 10 min. The super-
natant was discarded, and the pellet was resuspended in 20 ml of B2 buffer (pH
7.2; NaH,PO, - 0.2 H,O, 10 mM; KH,PO,, 10 mM; EDTA, 10 mM; choline
chloride, 10%; and thimerosal, 0.1%). This mixture was stored at 4°C for further
use and was used as the liposomal antigen reagent with the other components
provided with the kit.

Method of testing. All the components (the positive controls, the negative
controls, the antigen suspensions, and the samples to be tested) were brought to
room temperature before the experiments were performed (Fig. 3). The positive
controls, negative controls, and freshly procured or frozen test serum samples (25
pl each) were added and spread evenly inside the circular zone of the hydro-
phobic material-coated plastic slide, as demonstrated on the test card. For
convenience, zone 1 and zone 2 were spread with the positive control (antirabbit
serum) and the negative control (normal rabbit serum), respectively. Thereafter,
25 ul of the liposome antigenic suspension was added to each zone and the card
was gently swirled for 4 min. The clumping of the specific antigen and antibody
as a dark blue agglutination was observed for the positive controls as well as
those samples which contained antibodies against mycobacterial glycolipid in
samples from patients with active M. tuberculosis infection. No clumping on the
card indicated a negative result. The peripheral drying on the circular zone
indicated indiscriminate results, which required further confirmation within 15 to
30 days, as these samples contained undetectable levels of antigen (Fig. 4 and 5).
Schematic representations of the preparation of the TB Screen Test reagent and
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FIG. 4. TB Screen Test results. Zones: 1, negative control (pooled,
normal human sera); 2, positive control (pooled sera from patients
with active TB); 3 and 4, serum samples from patients with confirmed
cases of active TB; 5 and 6, serum samples from patients with con-
firmed cases of extrapulmonary TB.

the principle of the TB Screen Test are shown in Fig. 6.

Statistical analysis. The sensitivity and specificity of the assay were calculated
as described by Toman (41) in comparison with the results of culture and smear
analyses, including the patient’s history, signs and symptoms, confirmation of M.
tuberculosis infection by pathological analysis, and drug treatment status. Sensi-
tivity was calculated as [number specimens confirmed to be positive/(number of
specimens confirmed to be positive/number of specimens with false-negative
results)] X 100. Specificity was calculated as [number of specimens confirmed to
be negative/(number of specimens with false-positive results/number of speci-
mens confirmed to be negative)] X 100.

FIG. 5. TB Screen Test results. Zones: 1, negative control; 2, serum
sample with peripheral drying; 3 to 6, strengths of agglutination 1+ to
4+, respectively. Compare the results presented here with those in Fig.
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Schematic representation: Preparation of TB Screen Test Reagent
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FIG. 6. Schematic representations of the preparation of the TB Screen Test reagent and the principle of the TB Screen Test.

RESULTS

Sera collected from the outpatient departments from differ-
ent hospitals and pathology centers in Bhopal and Gwalior,
India, were enrolled in the present study to cover the maxi-
mum population diversity possible. The patients were diag-
nosed with TB on the basis of clinical and radiological evalu-
ations as well as smear staining and sputum culture. A total of
1,813 serum samples were included in this study. Sera from
healthy individuals without any clinical symptoms of TB were
included as negative controls to evaluate the specificity of the
test. Most of these serum samples were obtained from BCG-
vaccinated healthy subjects. The non-TB sera were generally
from either healthy individuals or patients with a variety of
diseases other than TB. The sera were stored frozen and were
used within 1 year from the time of collection. Details about
the 1,813 serum samples selected are described in the following
sections.

Active pulmonary TB group (r = 285). A total of 285 serum
samples were obtained from individuals confirmed to have
active pulmonary TB. According to the clinical and laboratory
diagnoses, the specimens were divided into the following four
subgroups: (i) the smear-positive and culture-negative sub-
group, which consisted of 180 specimens collected from pa-
tients admitted into a hospital but prior to commencement of
their treatment; (ii) the smear-negative and culture-positive
subgroup, which consisted of 52 samples collected from a
group of patients with chronic M. tuberculosis infection, of
whom 45 were receiving chemotherapy; (iii) the smear-positive
and culture-negative subgroup, which consisted of 35 speci-
mens from patients who were found to be negative by culture
but who were found to have symptoms typical of TB with
bacteria in their sputum samples; and (iv) the smear-negative
and culture-negative subgroup, which consisted of 18 speci-
mens that were negative by culture or smear analysis but that
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TABLE 1. Detailed analysis of pulmonary TB patients by
internal studies

No. of serum samples with the

reisl% Scllrjlﬁﬁie No. of serum following TB Screen Test results Sensitivity
result? samples tested — - - (%)
Positive Negative Indeterminate

+/+ 180 175 4 5 97.2
—/+ 52 48 2 2 92.8
+/= 35 33 2 94.5
-/= 18 14 3 1 81.8

Total 285 270 7 8 95.0

“ AFB, acid-fast bacillus; +, positive result; —, negative result.

were from patients who were found to have symptoms typical
of TB, some of whom were found to have latent M. tuberculosis
infection.

Extrapulmonary TB group (r = 79). A total of 79 samples
were from patients with extrapulmonary TB, such as tubercu-
lous lymphadenitis (n = 12), bone joint tuberculosis (n = 26),
abdominal tuberculosis (n = 18), tuberculous pericarditis (n =
16), genitourinary tuberculosis (n = 3), and pleurisy (n = 4).
These conditions were confirmed according to the clinical
symptoms as well as the results of culture and smear analyses
of tissue biopsy specimens.

Non-TB group (r = 511). The non-TB group incorporated
serum samples from subjects with other infections, such as
patients with drug-treated, clinically negative TB (n = 60),
healthy household contacts of TB patients (n = 50), BCG-
vaccinated children (n = 15), hepatitis B virus-positive patients
(n = 15), patients with common infections (n = 27), and
healthy humans (n = 344).

Other common infection group (n = 156). Serum samples
were obtained from individuals with respiratory and nonrespi-
ratory diseases, such as pneumonia (n = 16), bronchitis and
bronchial asthma (n = 12), malaria (n = 22), typhoid (n = 18),
syphilis (n = 12), gonorrhea (n = 18), rheumatoid arthritis (n
= 16), the common cold (n = 14), pulmonary aspergillosis (n
= 15), and lung abscesses (n = 13). None of these subjects
were found to have clinical features of TB.

It is evident from the data in Table 1 that of 285 samples
from patients with pulmonary TB studied, 270 were found to
be positive and 7 were found to be negative. In addition, 8
samples were found to have indeterminate results. Of 79 sam-
ples from patients with extrapulmonary TB (Table 2), 67 were
found to be positive, whereas 12 were found to be negative by
the TB Screen Test. Finally, a total number of 364 samples

TABLE 2. Detailed analysis of extrapulmonary TB group by
internal studies

No. of serum
samples with the

) . No. of serum  following TB Screen  Sensitivity
Extrapulmonary TB group samples tested Test results: (%)
Positive  Negative

Tuberculous lymphadenitis 12 10 2 85.7
Bone joint TB 26 23 3 89.6
Abdominal TB 18 16 2 90.0
Tuberculous pericarditis 16 13 3 84.2
Genitourinary TB 3 2 1 75.0
Pleurisy 4 3 1 80.0
Total 79 67 12 86.8
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from various groups of patients with TB (Table 1, n = 285;
Table 2, n = 79) were included in our internal studies and were
considered for the calculation of sensitivity. However, a total
667 samples, as described in Table 3 (n = 511) and Table 4 (n
= 156), were considered for in-house studies of the specificity
of our TB Screen Test. In particular, among 511 specimens
from the non-TB group (Table 3), 488 were found to be neg-
ative, 6 were found to be false positive, and 17 were found to
be indeterminate. Again, of 156 samples from patients with
common infections tested (Table 4), 143 were found to be
negative, 5 were found to be false positive, and 8 were found to
have indeterminate results. In addition, an external study was
also conducted by incorporating the serum samples from
groups with various disease conditions. In this context, a total
of 782 samples from various groups, such as patients with
active TB (pulmonary and extrapulmonary) and M. tuberculo-
sis-HIV coinfection (n = 242) and patients with other respira-
tory diseases, nonrespiratory diseases, and BCG-vaccinated
healthy subjects (n = 540), were tested by external agencies;
and these results were also considered for sensitivity and spec-
ificity calculations (Table 5).

An overall sensitivity of 94.0% was obtained with the collec-
tion of 604 TB serum samples (Tables 1, 2, and 5). Of these, 27
serum samples showed false-negative results, whereas 11 se-
rum samples gave indeterminate results. An overall specificity
of 98.3% was obtained with 1,209 serum samples from non-TB
patients and patients with other common infections (Tables 2,
3, and 5). Of these, only 22 samples were found to be false
positive, whereas 36 samples gave indeterminate results. How-
ever, all samples from both groups with indeterminate results
were considered negative. Sera from 15 children recently im-
munized with BCG were tested for any cross-reactivity by the
test. None of these serum samples showed positive results,
thereby indicating the suitability of the test for use with BCG-
vaccinated populations, such as those in India and other de-
veloping countries. Fifteen samples from hepatitis B virus-
positive individuals were also evaluated for cross-reactivity;
however, no reaction was observed with any of the serum
samples from hepatitis B virus-positive individuals tested.

Furthermore, the performance of the TB Screen Test was
determined by using in-house as well as coded serum samples
from leading hospitals, research institutions, and a pathology
center in India: the Hopkins Research Institute, Mumbai; the
Department of Chest Medicine, KEM Hospital, Mumbai; Cen-
tre JALMA, Central Research Institute of Leprosy, Agra; De-
partment of Pathology Gandhi Medical College (GMC), Bho-
pal; and Madhav Institute of Technology and Science (MITS),
Pathology Centre, Gwalior. The results of these evaluations
are furnished in Table 6. All the samples received from these
centers were tested in our laboratory to determine the perfor-
mance of our test kit and in order to see whether the kit
performs differentially with samples from different popula-
tions. The results presented here suggest that regardless of the
variations in the geographical locations of the patients, the kit
responded in the same manner with all the samples obtained
from different regions of India.

A comparative evaluation of the TB Screen Test was also
done by using a commercially available ELISA (KP-90) and
the MycoDot (lipoarrabinomannan [LAM]) test with coded
sera from patients with clinically confirmed TB received from
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TABLE 3. Detailed analysis of non-TB group by internal studies

No. of

No. of serum samples with the
following TB Screen Test result:

Sample source samples tested Outcome Specificity (%)
Positive ~ Negative  Indeterminate

Drug-treated, clinically negative patients 60 Cured of TB 51 9 100
Healthy household contacts 50 Clinically positive 50 100
BCG-vaccinated children 15 Clinically healthy 15 100
Hepatitis B virus-positive individuals 15 M. tuberculosis negative 15 100
Patients with common infections (not TB) 27 Clinically negative for TB 25 2 100
Healthy subjects human serum 344 Clinically healthy 6 332 6 98.2

Total 511 6 488 17 98.8

the research institutions, medical colleges, and pathology cen-
ter in India mentioned above. A total of 152 samples from
patients with confirmed cases of active TB (patients with pul-
monary and extrapulmonary TB and patients with HIV-M.
tuberculosis coinfection) were separately tested by the TB
Screen Test, with the KP-90 kit, and by the MycoDot test (for
sensitivity). Of 152 samples tested, 143 were found to be pos-
itive by our test, whereas 108 and 117 samples were found to be
positive with the KP-90 ELISA kit and by the MycoDot test,
respectively. A total of 446 serum samples, including sera from
humans (n = 33), BCG-vaccinated children (n = 15), patients
with leprosy (n = 60), and patients with other common infec-
tions (n = 27), were also incorporated in comparative studies
in order to check the specificities. It is evident from the results
that the TB Screen Test is highly sensitive and specific com-
pared with the KP-90 ELISA kit and the MycoDot test (Table
7). Furthermore, to check the reproducibility of the test, five
different batches were assigned to other investigators while
keeping the formulations constant. We as well as other tech-
nical investigators tested the same specimens described above
and obtained almost similar results (variations, *2 to 5%).

DISCUSSION

Evidence from various studies strongly suggests that the
unique disaccharide on M. leprae, a phenolic glycolipid, is an
immunologically specific determinant of M. leprae (5). It was
found to be serologically active if the antigenic sites were
adequately exposed in aqueous media, either by incorporating
it into a liposome in an immunodiffusion test (28) or by using

TABLE 4. Detailed analysis of patients with other common
infection by internal studies

No. of fl\ﬁ). of se%lgnTsamgles with thle
. serum ollowin est Screen result:  Specificit
Infection samples 2 p(%) Y
tested  Positive Negative Indeterminate
Pneumonia 16 15 1 100
Bronchitis or bronchial 12 2 9 1 85.7
asthma
Malaria 22 22 100
Typhoid 18 18 100
Syphilis 12 12 100
Gonorrhea 18 18 100
Rheumatoid arthritis 16 15 1 100
Common cold 14 2 10 2 87.5
Pulmonary 15 14 1 100
aspergillosis
Lung abscess 13 1 10 2 92.8
Total 156 5 143 8 96.8

sodium deoxycholate in the coating solution in an ELISA (6).
An ELISA for detection of the glycolipid has also been de-
scribed (46, 47).

Several antigens of M. tuberculosis have been found to be
useful for the serodiagnosis of clinical disease (14, 15); among
these, some glycolipids have been shown to be immunogenic
(20, 27) by ELISA. The difficulty in developing suitable tests
has resulted from the fact that M. tuberculosis and M. leprae
produce large numbers of immune response-producing pro-
teins, some of which appear to be common to other microor-
ganisms that may or may not be pathogenic. Hence, positive
test results produced by known antigens are generally unreli-
able (false positive), and other tests must therefore be carried
out to confirm the presence of TB or leprosy. Recently, M.
tuberculosis species-specific trehalose-glycolipid (sulfolipid SL-
IV) (27, 31) and serologically active glycolipids extracted from
M. bovis BCG (30) have been described. Nonpeptidic antigens
from the M. tuberculosis cell wall have been the focus of ex-
tensive studies to determine their potential role as protective
antigens or serological markers of TB (21).

Traditional methods (smear and culture) are simpler and
less expensive than the new molecular biology-based diagnostic
tests, such as PCR, which are based on the amplification of
nucleic acid. Serological methods seem to be the ideal choice;
and thus, many mycobacterial antigens have been evaluated,
such as cellular extracts and proteins (1); polysaccharides,
DNA, and RNA (14, 15); glycolipids (21, 27); and other bio-
molecules. In addition to LAM (33) and 2,3,6,6-diacyltrehalose
(42), 2,3,6-triacyltrehalose, 2,3,6,6-tetraacyltrehalose-2-sulfate
(sulfolipid SL-T), and trehalose-6,6-dimycolate (cord factor) (2,
12, 21) have been used in ELISA techniques.

The clinically isolated strains (26) were purified by column
chromatography and were analyzed by ELISA (17). It has been
clearly accepted that TB patients produce antibodies against
more than one antigen (24), and consequently, a wide spec-
trum of humoral responses exists in these patients. Thus, use of
a combination of specific purified antigens (in multiantigen
cocktails) may increase the sensitivity of serodiagnosis (21, 25).

A colloidal gold-based serological assay (immunochromato-
graphic test) was developed by using five purified M. tubercu-
losis antigens immobilized on a nitrocellulose test strip for the
qualitative detection of IgG antibodies (16). Consequently, the
mycobacterial cell wall component LAM, a highly immuno-
genic cell wall-associated glycolipid, has been used (in the
MycoDot LAM test) for the detection of antimycobacterial
antibodies (33). However, it has not been found to be useful
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TABLE 5. Validation of sensitivity and specificity of TB Screen Test by studies by external agencies
No. of samples with the following TB o .
Study and group samsgé (t)iste d Clinical history Screen Test result: Sen(i;;l)wty Spe(ca}oﬁ)cny
Positive ~ Negative  Indeterminate
Sensitivity study
Pulmonary TB tuberculosis 204 Clinically confirmed 198 4 2 97.1
Extra-pulmonary TB 28 Clinically confirmed 24 4 87.5
TB-HIV coinfected 8 HIV positive and M. tuberculosis 7 1 88.8
positive by smear and culture
Subtotal 240 229 8 3 95.41
Specificity study
Leprosy 28 Clinically confirmed 2 25 1 93.3
HIV and M. tuberculosis 10 Clinically confirmed 10 100
positive
Other common infections 63 Clinically confirmed 62 1 100
Pneumonia 15 Clinically confirmed 15 100
Bronchitis 10 Clinically confirmed 09 1 100
Malaria 18 Clinically confirmed 18 100
Typhoid 12 Clinically confirmed 12 100
Hepatitis 8 Clinically confirmed 8 100
Rheumatoid arthritis 6 Clinically confirmed 1 5 85.7
BCG vaccinated 435 Histopathologically and 8 419 8 94.5
physiologically confirmed
Subtotal 605 11 583 11 96.36

for the diagnosis of TB in sub-Saharan African countries, es-
pecially where HIV infection is prevalent (35). Testing of sera
for reactions against a combination of antigen 5, antigen 60,
and another mycobacterial antigen, KP-90, does not appear to
increase the accuracy over testing for reactions against each
individual antigen (9). Serological studies have been done with
either a mixture of purified extracted glycolipids (13); adsorbed
mycobacterial sonicates (32); and more specific mycobacterial
antigens, such as antigen 5, antigen 60a, the 30-kDa antigen,
the p32 antigen (derived from the purified protein derivative),
and LAM (8). Moreover, several glycolipids have been re-
ported to be highly immunogenic in patients with TB and
leprosy (18, 19, 37). Sera from some of these patients have
been found to be reactive with M. tuberculosis and M. africa-
num (27), whereas sera from some of them were found to be
only weakly reactive (30). Further studies have focused on
chemical characterization of the mycobacterial cell wall (2, 11)
to obtain species-specific antigens for the detection of antibod-
ies in the sera of TB patients. An enzyme immunoassay in
which the glycolipid antigen trehalose-6,6-dimycolate purified
from M. tuberculosis H37Rv was used as an antigen for the

detection of anti-M. tuberculosis 1g. This glycolipid has been
shown to be an effective antigen for serodiagnosis (2, 12, 21).
The tuberculin skin test (Mantoux test), based on the delayed-
type hypersensitivity phenomenon by using purified protein
derivative, has also been developed. However, this test cannot
differentiate between active and inactive M. tuberculosis infec-
tions and has been found to be neither a sensitive nor a specific
method, particularly with sera from BCG-vaccinated immu-
nized individuals (25). Consequently, the BACTEC 460 sys-
tem, a radiometric system considered to be the “gold stan-
dard,” was developed. The BACTEC 460 system is based on
the detection of the CO, liberated by bacteria during the
metabolism and decarboxylation of '*C. However, this is a very
costly and time-consuming method and has the accompanying
problem of the need for the disposal of radioactive waste,
which therefore requires technical expertise along with estab-
lished laboratory facilities.

Recently, with the advent of recombinant DNA technology,
scientists and researchers around the world have been trying to
develop kits based on PCR. However, the application of PCR-
based diagnosis is beset with the need for expertise and is also

TABLE 6. Multicenter evaluation results of TB Screen Test

No. of samples

samples with the

No. of positive No. of negative

No. of samples samples with the

Total no. of following TB Sensitivity following TB Specificity
Center samples tested ngfgg;i‘iivéo Screen Test result: (%) CS: ?,rergjgvteo Screen Test result: (%)
Positive Negative Positive Negative
KEM Hospital, Mumbai 126 83 72 11 88.2 43 4 39 91.4
Hopkins Research Institute, Mumbai 37 25 21 4 88.2 12 4 8 75.0
Centre JALMA, Central Research 60 40 37 3 93.0 20 3 17 86.9
Institute of Leprosy, Agara
GMC, Bhopal 100 66 59 7 90.4 34 7 27 82.9
MITS, Pathology Centre, Gwalior 128 46 44 2 95.8 82 9 73 90.1
Total 451 260 233 27 191 27 164
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TABLE 7. Comparative evaluation of TB Screen Test by internal studies”

No. of serum samples with the indicated result by the following test:

Results of KP-90

Serum sample source ELISA kit

Results of MycoDot
LAM Test

Sensitivity (%)
of TB Screen

Specificity (%)

Results of TB Screen of TB Sereen

Test

Total Test % Test
Positive Negative Positive Negative Positive Negative
Patients with confirmed 152 108 44 117 35 143 9 94.4 100
cases of TB
Healthy humans (age, 344 13 331 10 334 8 336 97.7
15-45 yr)
BCG-vaccinated children 15 3 12 4 11 2 13 88.2
(age, 5-12 yr)
Patients with leprosy 60 14 46 12 48 8 52 88.2
(JALMA)
Patients with common 27 4 23 4 23 2 25 93.1
infections
Total 598 126 472 147 451 163 435 94.4 95.7

“ Sensitivity and specificity were calculated by consideration of samples with indeterminate results as negative. The samples with indeterminate results were retested

within a month (41).

very costly (14). Many workers have attempted to isolate the
species-specific antigen for use in diagnostic tests, but this task
has proved to be very difficult for two reasons; first, specific
antigenic determinants often occur on the same protein mol-
ecule as the shared antigen, therefore making it impossible for
purification even by affinity chromatography based on binding
with a specific antibody; second, given determinants may be
present on a range of molecules with different physiochemical
properties. Thus, preparative techniques based on such differ-
ences (gel filtration and ion-exchange chromatography) have
not proved very useful. Furthermore, due to antigenic diversity
in patients with mycobacterial disease, especially in those with
TB, no single antigen can cover all positive cases.

Developing countries require a cost-effective test for the
serodiagnosis of TB which can be easily incorporated into the
clinical laboratory routine as well as easily used in remote
areas. We have previously developed a shotgun gene library-
based ELISA (recombinant DNA technology) (4), the current
laboratory method for the rapid genomic characterization of
M. avium-M. intracellulare complex (39), and an antiglycolipid
antibody-based liposome agglutination test (Rapid TB/M card
test) for the diagnosis of TB (40). These tests can be used as
supplemental tests for the mass screening of M. tuberculosis-
infected individuals in developing countries without the need
for laboratory facilities with modern instrumentation. How-
ever, the TB Screen Test would be a more advantageous tool
for the clinical confirmation of TB in specimens from those
individuals with active M. tuberculosis infections.

A number of serum samples from patients with common
diseases, such as bacterial pneumonia, viral pneumonia, non-
specific bronchitis, lung cancer, pleural cancer, the common
cold, leprosy, malaria, typhoid, and hepatitis B, were included
to study the specificity of the TB Screen Test. Confirmation of
the diagnosis of TB for the sensitivity study was done on the
basis of a combination of acid-fast bacillus-positive, smear-
positive, and culture-positive results; the findings on chest X
ray; and the clinical symptoms. The liposomal agglutination TB
Screen Test is a rapid in vitro test for the diagnosis and screen-
ing of subjects with TB, in which a suspension of mycobacterial
glycolipids (cocktail of purified antigens) interchelated into the

bilayer membrane of the blue liposome reacts with antibodies
in the specimen. This results in agglutination of the liposome,
which appears as blue clumps against the white background of
the test card (Fig. 4 and 5). The reaction is depicted diagram-
matically in Fig. 6 (schematic representation of principal of TB
Screen Test). A clear dark blue agglutination can be observed
for positive serum samples. A positive test result can be given
a gradation ranging from 1+ to 4+, depending on the agglu-
tination strength of M. tuberculosis-positive serum. A sample
with a negative result does not show any agglutination (Fig. 4
and 5). It is recommended that sera with peripheral drying be
retested after 15 to 30 days. This test, the TB Screen Test, is
designed in such a way as to detect antiglycolipid antibodies in
patients with active disease with high degrees of sensitivity and
specificity.

The data obtained in this study indicate that the TB Screen
Test can be used for the routine diagnosis of pulmonary and
extrapulmonary TB and can clearly differentiate healthy sub-
jects and BCG-vaccinated individuals from those with active
TB. However, the test is a rapid, single-step, agglutination-
based assay for the detection of antibodies against M. tubercu-
losis in freshly procured human serum or human serum that
has been stored at —20°C within 4 min of the time of collec-
tion. The overall sensitivity and specificity have been found to
be 98.5 and 85.5%, respectively.

Because of the incorporation of multiple antigens into the
assay, it should be considered the world’s first liposome-based
rapid assay for the diagnosis of TB. However, these results
clearly pertain to the development of a specific test for TB,
which has the desired sensitivity and specificity compared with
those of other commercially available tests (Table 7). The clear
signal for a positive result by the test, the economy of the test,
the suitability for the test to be performed even in remote areas
where no laboratory facilities with modern instrumentation are
available, and its handiness make it useful as a rapid assay for
the diagnosis of TB.
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