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Since the mid-1980s, the highly specific
Mycobacterium leprae phenolic glycolipid-I
(PGL-I) antigen has been used extensively
in the serological diagnosis of leprosy
(% '3 19), To detect the predominantly IgM-
class antibodies, an enzyme-linked immu-
nosorbent assay (ELISA) was developed
using a semisynthetic substance PGL-I di-
saccharide-bovine serum albumin (D-BSA)
as antigen (° '?). This PGL-I ELISA is used
to detect IgM antibody levels in patients
with different forms of leprosy, in contacts,
and in healthy individuals originating from
leprosy-endemic areas (**). Most patients
with the lepromatous form of leprosy show
high levels of antibodies to PGL-I ('*). Find-
ings among the tuberculoid and indeter-
minate forms of leprosy are variable ('°). A
proportion of contacts and healthy individ-
uals from leprosy-endemic areas may also
develop antibodies to this antigen ('). The
limitations of and objections to the PGL-I
ELISA have been voiced previously (3- 5 '),
Likewise, one also may not be able to carry
out this test in most laboratories of national
leprosy programs. Reference laboratories
specializing in leprosy work, however,
should be able to perform this test to pro-
vide additional information in the diagnosis
of leprosy and in different epidemiological
settings.

In this study, the previously used (*) phos-
phate-buffered saline (PBS) buffer in the
PGL-I ELISA was replaced with a Tris-HCI
buffer. The different antibody levels ob-
tained by the two buffer systems were com-
pared, and the results are presented.
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MATERIALS AND METHODS

Two-hundred-forty-five sera were taken
from 33 patients at the Departmento de Le-
pra, Asuncion, Paraguay (The Table). Each
patient included in this study was classified
clinically and histologically. Blood samples
were drawn at various times. Skin biopsies
were taken at the beginning of multidrug
therapy. The sera and biopsies were shipped
to the Armauer Hansen Institute (AHI),
Wiirzburg, Germany, where the sera were
stored at —70°C until used. Forty-nine sera
from apparently healthy individuals in Par-
aguay and 89 sera from young students and
blood donors in Germany were taken and
included in this study. In addition, 21 sera
from German patients suffering from syph-
ilis (N = 6), Lyme disease (N = 8), and
rheumatoid arthritis (N = 5) were also test-
ed in the PGL-I ELISA.

Histological preparations of
skin biopsies

Skin biopsies were immersed in buffered
formaldehyde at the Departmento de Lepra,
Asuncion, Paraguay. The biopsies were cut
at the Armauer Hansen Institute and vari-
ous sections were stained with hematoxylin
and eosin (H&E). Fite-Faraco staining for
the demonstration of acid-fast bacilli (AFB)
was also carried out. Leprosy was classified
according to Ridley and Jopling ('¢). In this
study, for serological purposes, the histo-
logical subclassifications (LLs and LLp) were
not used in the lepromatous group of pa-
tients; they were all called LL.

Serological assays

PBS buffer. D-BSA and BSA were kind-
ly donated by Dr. H. D. Engers of the
IMMLEP Program of the World Health Or-
ganization. U-bottom, polystyrene, micro-
titer plates (Greiner No. 65006 1) were coat-
ed with both substances diluted 1:4000 in
carbonate-bicarbonate buffer (pH 9.6). The
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THE TABLE. Types of leprosy patients* and sera tested.

Paucibacillary

Multibacillary

Classification ID TT BT Total BL LL Total
No. patients 3 2 4 9 8 16 24
No. sera tested 9 9 31 49 57 139 196

a ID = indeterminate; TT = tuberculoid; BT = borderline tuberculoid; BL = borderline lepromatous;
LL = lepromatous leprosy, as per Ridley-Jopling classification.

plates were incubated at 4°C overnight.
The next day the plates were washed three
times with PBS (Na,HPO, 90.75 mmol,
NaH,PO, 22.01 mmol, NaCl 10 mmol) (pH
7.4) containing 0.5% v/v Tween 20 (PBST).
The wells were subsequently blocked with
1% w/v BSA (Behring) in PBST. Dilutions
of the patients’ sera and of the healthy con-
trols’ sera were initially carried out at 1:200
and added to the wells. Positive sera were
diluted further up to 1:12,800. The sera were
diluted in PBS-0.1% v/v Tween 20-10%
normal goat serum (NGS) (Gibco No. 200-
621 AG). The plates were incubated at 37°C
for 1 hr. After washing the wells three times
with PBST, antihuman IgM-peroxide (Dako
Code P322-02) diluted 1:5000 in PBS-0.1%
v/v Tween 20-10% NGS was added to the
wells. The plates were incubated at 37°C for
1 hr. After washing the wells three times
with PBST, four tablets of 1,2 phenylene-
diamine (OPD; Dako S2000) were dis-
solved in 12 ml 0.1 M citric acid (0.035
mole) phosphate buffer (0.067 mole) (pH 35),
to which 5 ul 30% H,O, was added, and this
mixture was added to the wells. The plates
were incubated at room temperature for 5
min. The reaction was stopped with 2 N
H,SO,, and the absorbance was read at 490
nm. Each test was performed in duplicate.
The mean absorbance of the wells with BSA
was subtracted from one of the wells with
D-BSA. Six wells in each plate were allo-
cated for the positive control sera and six
wells in each plate for the negative sera. The
criteria of seropositivity were determined as
previously reported (OD = 0.200) (3).
Tris-HCI1 buffer. The ELISA was done
essentially in the same way as above. How-
ever, some modifications in the buffer sys-
tem were carried out. The PBS solutions
were replaced with Tris-HCI. The initial di-
lutions of the sera from healthy controls and
patients were carried out at 1:300, and the

positive sera were diluted further up to
1:76,800.

Preparations of solutions. Tris-HCI stock:
0.5 M Tris (Merck No. 8382) = 60.6 g Tris
was diluted in 800 ml double-distilled H,O
and with 25% HCI adjusted to a volume of
1000 ml (pH 7.4); 3.5 M NaCl solution was
prepared in double-distilled H,O. A wash
solution of 100 ml of 3.5 M NacCl, 100 ml
Tris-HCI stock (pH 7.4) and 1 ml Tween
20 was added to 1000 ml double-distilled
H,O. Serum dilutions were carried out in
Tris-HCI-1% NGS. Tris-HCI was prepared
as for the wash solution. After addition of
the substrate solution to the wells (see
above), the plates were put in the dark at
room temperature for about 15 min. The
reaction was stopped with 2 N H,SO,, and
the absorbance was read at 490 min.

Cut-off value. A serum dilution was con-
sidered positive if it yielded a net absor-
bance greater than the total derived by add-
ing 3 standard deviations to the mean (>
X + 3 S.D.) of the absorbance for a group
of six negative controls. The cut-off value
was determined by each run in each plate.

RESULTS

In 26 out of 49 sera taken from pauci-
bacillary (PB) patients an antibody titer =
1:300 was found to PGL-I using Tris-HCl,
the highest titer being 1:1200 (Fig. 1). Com-
paring this result with the titer found in PBS
only, three sera showed a titer equal to 1:200
(Fig. 1). This was also the highest titer ob-
tained in the PB group of patients using PBS.
The sensitivity of the ELISA using Tris-HCI
was 53.1% compared to 6.1% found in PBS
in this group of patients. Fifty-seven sera
taken from borderline lepromatous (BL) pa-
tients were also tested with Tris-HCI. The
highest titer obtained was 1:38,400, and
98.3% of the sera tested had a titer = 1:300
(Fig. 1). In the LL group of patients 139 sera
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Fig. 1. Comparison of antibody titers between PBSs
and Tris-HCL. 1 = in PBS titer, < 1:200 was taken as
negative; 2 = in Tris-HCI titer, < 1:300 was taken as
negative; ID = indeterminate; TT = tuberculoid; BT
= borderline tuberculoid; BL = borderline leproma-
tous; LL = lepromatous leprosy.

were tested with Tris-HCI. The highest titer
obtained was 1:76,800, and 97.8% of the
sera tested showed a titer = 1:300 (Fig. 1).

Using the PBS buffer in the sera taken
from BL patients, the highest titer detected
was 1:6400, and 79.0% of the sera had a
titer = 1:200. In the LL group of patients
using PBS, the highest titer obtained was
1:6400, and 78.4% of the sera tested had a
titer = 1:200 (Fig. 1). However, taking 1:300
as a significant titer as was done in Tris-
HCI, the sensitivity of the test with PBS
would have been reduced further.

The overall sensitivity detected in the
PGL-I ELISA using Tris-HCl in the PB pa-
tients’ sera was 53.1% (= 1:300) compared
to 6.1% using PBS (= 1:200). In the mul-
tibacillary (MB) patients’ sera, the overall
sensitivity in Tris-HCl was 98.0% (= 1:300);
in PBS, 78.6% (= 1:200).

It was surprising to find antibody levels
as high as 1:1200 in patients with the in-
determinate type of leprosy using Tris-HCI.
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FiG. 2. Comparison of OD values of positive sera
tested in PBS and Tris-HCl. - = PBS; —x- = Tris-
HCl.

Unfortunately, the number of PB patients
tested was rather small (N = 9).

Eighty-nine sera from healthy, young
German adults were tested in PBS and Tris-
HCI, and the 98th percentile was chosen as
the cut-off level. However, it was found that
the optical density (OD) value in PBS were
generally low, ranging between 0.057-0.095
compared to Tris-HCI1 (0.157-0.198). Tris-
HCI gave a much more satisfactory color
reaction than did PBS (see positive controls,
Fig. 2), and the results were much more
reproducible. Therefore, it was decided not
to take the OD value of = 0.200 as the cut-
off used in PBS, but to calculate it for each
run on the basis of six negative controls (>
X + 3 S.D.). The Tris-HCI cut-off value
rarely exceeded 0.200, and when it did, the
run was repeated.

Forty-nine sera from healthy, young Par-
aguayans who were not houschold contacts
of known leprosy patients were also tested.
No essential differences could be detected
between the different control groups.

Sera tested in a PGL-I ELISA from pa-
tients suffering from syphilis, Lyme disease,
and rheumatoid arthritis did not show any
antibodies to PGL-I. This testing was car-
ried out to exclude a possible interference
with other IgM-class antibodies (rheuma-
toid factor being an IgM type antibody), and
thereby altering the specificity of the PGL-I
ELISA.

DISCUSSION

In the PGL-I ELISA carried out in this
study the buffer system was changed. By
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replacing PBS with the Tris-HCI a higher
degree of sensitivity was detected without
changing its specificity; 53.1% of the sera in
the PB group of patients showed significant
antibody levels (= 1:300) versus 6.1% using
PBS (= 1:200). In the MB group of patients
using Tris-HCl a significant titer was found
in 98.0% of the sera tested compared to
78.6% found with PBS. The highest titer
obtained in the indeterminate, tuberculoid
(TT), and borderline tuberculoid (BT)
groups of patients using PBS was 1:200; with
Tris-HCI, 1:1200. In the BL type of leprosy
the highest titer using Tris-HCl was
1:38,400; using PBS only, it was 1:6400. In
the LL form an even higher titer of 1:76,800
was noted using Tris-HCL. Using PBS in
both the BL and LL groups of patients, the
highest titer was 1:6400 (Fig. 1).

At the present time very few serological
tests are available for the detection of M.
leprae-specific antibodies ('*). The PGL-I
ELISA is still of considerable diagnostic im-
portance (7 '%'7). A more sensitive PGL-I
ELISA —as described here—may provide a
more useful tool for the serological diag-
nosis of leprosy.

In conclusion, the sensitivity of the
PGL-I ELISA has been increased by chang-
ing the buffer system. Through this modi-
fication the PGL-I ELISA became a more
sensitive serological test for the detection of
M. leprae-specific antibodies in the sera of
both paucibacillary and multibacillary pa-
tients.

SUMMARY

By changing the buffer system in the phe-
nolic glycolipid-I (PGL-I) enzyme-linked
immunosorbent assay (ELISA) the sensitiv-
ity of the test was increased without altering
its specificity. Using a Tris-HCI buffer, sig-
nificant titers of = 1:300 were found in
53.1% of the sera in paucibacillary (PB) and
98.0% of the sera in multibacillary (MB)
groups of patients. Titer levels were also
significantly increased. In the PB group of
patients with Tris-HCI, the highest titer de-
tected was 1:1200; in the MB group of pa-
tients, 1:76,800. Through this modification
of the buffer system a more sensitive test
was obtained thereby increasing the detect-
able level of PGL-I antibodies in both the
PB and MB groups of patients.
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RESUMEN

Utilizando un regulador de Tris-HCI, en lugar del
clasico regulador de salina fosfatos (PBS), se logrd in-
crementar la sensibilidad del inmunoensayo enzima-
tico (ELISA) para el glicolopido fendlico-1 (PGL-I).
Con en regulador de Tris-HCI se encontraron titulos
significativos de >1:300 en el 53.1% de los sueros de
pacientes paucibacilares (PB) y en el 98% de los sueros
de pacientes multibacilares (MB). Los niveles de los
titulos también se incrementaron significativamente.
Mientras que en ¢l grupo de pacientes PB el titulo mas
alto fue de 1:2000, en el grupo de pacientes MB éste
fue de 1:76,800. La modificacién en el sistema de re-
gulador incrementoé la sensibilidad del ensayo sin al-
terar su especificidad.

RESUME

En changeant le syst¢éme tampon du test enzyma-
tique (ELISA) basé sur le glycolipide phénolique-1 (PGL-
I), la sensibilité du test a €té augmentée sans que sa
spécificité ne soit modifiée. En utilisant un tampon
Tris-HCI, des titres significatifs = 1:300 ont été trouvés
dans 53.1% des serums de patients paucibacillaires (PB)
¢198.0% des serums de multibacillaires (MB). Les titres
étaient également augmentés de maniére significative.
Dans le groupe des patients PB, avec le Tris-HCl, le
titre le plus élevé détecté fut 1:1200; il fut de 1:76,800
dans le groupe des patients MB. Par cette modification
du systéme tampon, on obtint un test plus sensible,
augmentant ainsi la capacité de détection des anticorps
anti-PGL-I dans les deux groupes de patients PB et
MB.
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