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Summary A novel spot test for detection of antibodies to phenolic glycolipid I of
Mycobacterium leprae has been developed. This test uses antigen-coated filter
strips with a simple non-quantitative visual readout. Results of the spot test were
in good agreement with those obtained using a standard microtitre ELISA test for
antibodies with the new test being slightly less sensitive than the standard method.
The spot test may be useful as a field test for serodiagnosis of leprosy in areas
where microtitre plates, spectrophotometers and multichannel pipettes are not
readily available.

Introduction

Several groups have recently described tests for detection of antibodies directed
to the major phenolic glycolipid of Mycobacterium leprae'- > * which contains a
trisaccharide portion unique to these organisms.* *> Sera from leprosy patients
contain antibodies which specifically recognize the phenolic glycolipid with
antibody levels increasing from the tuberculoid to the lepromatous pole of the
leprosy spectrum.! > * Control sera and sera from patients with other
mycobacterial infections are negative in these tests' > 3 and the possible use of
such assays for the early detection of leprosy has been discussed.> ¢

The native glycolipid is a highly hydrophobic molecule and a variety of
strategies have been employed to prepare aqueous suspensions suitable for the
coating of the antigen to plastic microtitre plates and use in enzyme-linked
immunosorbent assays (ELISA). These strategies include sonication® or deter-
gent solubilization' of the intact lipid, and partial hydrolysis of the lipid to
produce the more polar deacylated form of the molecule.® Synthetic antigens
containing the antigenically important terminal di-methyl glucose residue’* have
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also been prepared and shown to be highly effective substitutes for the natural
glycolipid in ELISA tests.’

A common feature of all of these assays is the use of microtitre systems
employing disposable plastic multiwell plates. While such systems are extremely
convenient for processing large numbers of samples, the plastic ware, multichan-
nel pipettes and spectrophotometers required for the assays are often unavailable
in the areas in which leprosy is endemic. We have therefore developed an
alternative test for antibodies to phenolic glycolipid which does not utilize
microtitre plates and gives a simple qualitative visual readout.

Materials and methods

PREPARATION OF STRIPS

Polysulphone membranes were supplied as HT-200 Tuffryn® Membrane Filters
by Gelman Sciences Inc., Ann Arbor, Michigan. Membranes were cut into
suitably-sized strips for the particular size of test tube selected for the assay. We
have used either short strips (1 cm x 0-5 cm) or long strips (5 cm x 0-5 cm) with
identical results. Phenolic glycolipid I was purified from infected armadillo tissue
as described previously® and dissolved in hexane at a concentration of 50
micrograms per ml. A single 2 microlitre drop was applied to the end of each filter
strip (100 ng glycolipid per spot) and allowed to dry for a few minutes at room
temperature. Strips stored for 2 months at 0°C or 37°C showed no loss in
reactivity.

SPOT TEST

Strips were rinsed briefly with phosphate buffered saline pH 7-2 (PBS) and then
immersed in tubes containing 1 ml of PBS with 19/ (v/v) normal goat serum
(Gibco Labs., Grand Island, NY) and 5 microlitres of human serum samples.
With long strips, only the end of the strip with the glycolipid spot was immersed.
Strips were incubated with antibody for 1 hr at 37°C and then washed 4 times (5
min each wash) with 1-5 ml of PBS per tube. Peroxidase-conjugated goat
anti-human immunoglobulins (IgA +IgG + IgM) (Cappel Laboratories, Coch-
ranville, Pa) was diluted 1:2,000 in PBS containing 19, normal goat serum and 1
ml was added to each tube. After 1 hr at 37°C, strips were again washed 4 times
with PBS. Peroxidase substrate was prepared by dissolving 3,3’-diaminobenzi-
dine (Sigma Chemical Co., St Louis, Mo) in 0-1 M citrate buffer pH 5 (0-5 mg/ml)
and adding hydrogen peroxide to a final concentration of 0-039;. Strips were
incubated with substrate solution for 10 min at room temperature and then
washed with water and examined for colour formation.
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MICROTITRE ELISA

An ELISA test using the deacylated form of the phenolic glycolipid coated to
microtitre plates was performed as described previously® except that serum
samples were used at a dilution of 1:200 and the peroxidase substrate
(o-phenylenediamine) was prepared in citrate buffer pH S rather than in PBS.

Results

When polysulphone strips were incubated with serum samples containing
antibodies to phenolic glycolipid a spot of colour was seen at the point of
application of the antigen. According to the intensity of the colour reaction,
results were given a grading of: ‘—’ no reaction, ‘+° faint spot, ‘+ + distinct
spot, ‘+ + +’ dark spot. Figure 1 shows an example of 12 sera graded according
to this approximate scale.

CONTROL SERA

Sera from 20 normal individuals living in Seattle were negative by the microtitre
ELISA with deacylated phenolic glycolipid (A4 <0-10) and were also found to
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Figure 1. Results of the spot test with sera from leprosy patients.

Serum samples from 12 leprosy patients with different levels of antibodies to phenolic
glycolipid I were assayed in the spot test as described in the text. Results were graded according to
an approximate scale from ‘—’ to ‘+ + 4+’ as shown. The antibody levels (A49,) recorded for the
same sera in the microtitre ELISA were (left to right): ‘—’ 0-00, 0-02, 0-10; ‘+” 0-17, 0-19, 0-24,
‘44’049, 0-57, 0-65; “+ + +° 0-88, 1-16, 1-18.
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be negative in the spot test. Twenty-nine sera from tuberculosis patients were also
tested and found to be negative in both tests.

PATIENT SERA

Eighty sera from leprosy patients with A4, readings in the microtitre ELISA
ranging from 0 to 1-28 were assayed by the spot test and the results graded as
described above. Figure 2 shows the spot test grading plotted against the
absorbance in the microtitre ELISA. A good correlation between the 2 tests was
observed. Sera which were negative in the spot test had absorbance values ranging
from 0 to 0-19 with a mean value of 0-08 (standard deviation 0-06). Sera rated ‘+°’
had a mean of 0-29+0-14; ‘+ +" 0-574+0-18; and ‘++ +" 0:974+0-:21. An
absorbance reading of less than 0-10 is considered negative in the microtitre
ELISA?and all such sera were found to be negative in the spot test. All of the sera
with Ay, of 0-20 or above were positive in the spot test. Of 17 sera with A4, 0-10 to
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Figure 2. Comparison of the spot test and microtitre ELISA.
Eighty serum samples from leprosy patients were assayed at a dilution of 1:200 in thespot test
and in the microtitre ELISA. Results are plotted as the A4y reading in the microtitre ELISA against

the approximate grading in the spot test. Horizontal lines show the mean (and standard deviation)
of Ay readings for the sera graded in each category of the spot test.
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0-19, 7 were positive (‘+’) by the spot test. Thus 10 sera which were considered
positive by the microtitre ELISA were rated negative by the spot test.

VARIATIONS IN THE ASSAY PROCEDURE

While all of the results presented hére represent those with serum samples assayed
using the standard conditions described above, it was found that comparable
results could be obtained using alternative procedures. Incubation of samples at
room temperature (20-25°C) was as effective as incubation at 37°C and tap water
could be substituted for PBS during the washing steps. Plasma prepared from
blood collected in the presence of heparin gave identical results to serum from the
same individual. Whole blood either diluted directly into PBS or dried on filter
paper and then resuspended in PBS could also be used in the assay. Antibodies to
phenolic glycolipid could also be detected in saliva samples using the spot test.

Discussion

The spot test described here differs from previous tests for antibodies to phenolic
glycolipid in that it does not require the use of disposable microtitre plates. The
solid support used for binding the glycolipid is a polysulphone membrane which
was selected on the basis of its low level of background binding of IgM
antibodies.'” The test tubes used for carrying out reactions can be washed and
reused for further assays with fresh antigen strips. This feature of the test may
make it convenient for use in areas where microtitre equipment is not available.

The results of the test are read by looking for a coloured spot against a white
background. For a test involving a non-quantitative visual readout, it was found
to be easier to distinguish a coloured spot rather than to judge differences in
formation of a soluble coloured product such as that used in the microtitre
ELISA tests. In addition, results of this test were not affected by any differences in
non-specific binding of serum antibodies to the solid support since any such
interactions result only in a darkening of the background colour which is readily
distinguished from binding to the antigen spot.

The results of the test were in good agreement with those of the standard
microtitre ELISA although sera with very low positive antibody levels (A
< 0-20) were not uniformly detected as positive in the spot test. This observation
suggests that the spot test is less sensitive than the microtitre ELISA. Large scale
screening of household contacts of leprosy patients in Mexico and in Sri Lanka
suggests that these low positive antibody levels are common amongst individuals
exposed to M. leprae but having no evidence of clinical disease.® The spot test may
therefore be less useful in detection of exposure to M. leprae but will be useful for
identification of individuals with higher antibody levels associated with the
development of the lepromatous form of leprosy.
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It is not envisaged that the spot test will replace standard microtitre ELISA
tests for antibodies to phenolic glycolipid. These tests have clear advantages from
the point of view of conducting large scale epidemiology studies of leprosy
exposure and infection. In small scale field studies, however, the simpler and more
flexible spot test may provide a useful alternative for workers who do not have
appropriate facilities for conducting the microtitre tests.
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