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The usefulness of the determination of
circulating antibodies to phenolic glyco-
lipid-I (PGL-I) and/or its synthetic analogs
(believed to be specific for Mycobacterium
leprae) for the diagnosis and the evaluation
of response to therapy and relapse in lep-
romatous leprosy patients has been well
documented (** 13 15.19) Furthermore, im-
munologically a reciprocal relationship be-
tween the humoral response and the degree
of the cell-mediated immune response as
judged by the Mitsuda reaction has been
demonstrated in patients with lepromatous
leprosy (). However, the clinical utility of
these tests to identify an individual at high
risk for development of the disease or to
detect subclinical infection in individuals
who are infected but in whom the disease
has not manifested, has not been proved
perhaps because of the long period required
to manifest the disease. Moreover, a few
epidemiological studies conducted with the
currently available techniques have shown

the low sensitivity of these tests
(l. 5.7.9.10, 12, 18).

The response of an individual to lepro-
min is yet another parameter used as a test
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to identify an individual who is likely to
manifest the disease (3 '!-14),

Although both of these parameters have
been well studied in leprosy patients, avail-
able comparative data on various popula-
tions, e.g., close contacts, nonendemic, low-
or high-endemic regions for leprosy are at
variance. In the present studies, we have
attempted to relate the humoral response,
as indicated by the presence of antibodies
to natural disaccharide-bovine serum al-
bumin (ND-BSA) and the cell-mediated
immune response, as evaluated by the Fer-
nandez and Mitsuda reactions, in children
residing in a low-endemic region (LER), a
contact population (CP) of children living
in a colony of leprosy patients (household
contacts), and those residing in the high-
endemic region (HER) for leprosy in the city
of Bombay, India.

MATERIALS AND METHODS

Study subjects. For this study, children
ranging in age between 10 and 14 years were
investigated.

Low-endemic region (LER) population.
Seventy-one children (16 females, 55 males)
living in the region not considered to be
endemic for leprosy constituted the LER
group.

Contact population (CP). Children (N =
140; 56 females, 84 males) residing in the
colony of leprosy dwellers were considered
as the CP group.

High-endemic region (HER) population.
For this HER group, 1495 children in a
school located in the high-endemic region
for leprosy were investigated. However, the
results of the Fernandez reaction were avail-
able for only 1340 children (623 females,
717 males); for analytical purposes only the
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data from these 1340 children were consid-
ered.

Reactivity to ND-BSA. The reactivity to
ND-BSA was measured on blood spots col-
lected on a filter paper according to the
method described earlier ('¢). A value of =
0.225 expressed as A OD 492 nm was con-
sidered positive for the presence of anti-
ND-BSA antibodies. The AOD 492 nm was
calculated by subtracting the OD at 492 nm
with BSA-coated wells (nonspecific bind-
ing) from the OD at 492 nm with ND-BSA-
coated wells (specific binding).

Lepromin test. The early (Fernandez at
48-72 hr) and the late (Mitsuda 21-28 days)
responses to lepromin were measured using
a human lepromin preparation (10 million
AFB/ml) obtained as a kind gift from Dr.
Sengupta, JALMA, Agra, India. The early
and late reactivities to lepromin were con-
sidered positive with responses of =5 and
=3.0 mm in diameter, respectively.

Statistical analysis. The data gathered
were analyzed by the SPSS/PC+ computer
program (version 4). For comparison of
groups, the two-tailed x? test was used.

RESULTS

Reactivity to ND-BSA in LER, CP and
HER populations. The overall positive
ELISA results for anti-ND-BSA antibodies
were 0.0%, 21.4% and 6.9% in the LER, CP
and HER groups, respectively (Table 1).

The percent positivity of ELISA results
in the CP group was 33.9% (19/56) in fe-
males which was significantly higher (p
<0.005) than that seen in males, 13.1% (11/
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84). However, in the HER group the reac-
tivity to ND-BSA was comparable in both
sexes (5.8%, 36/623 in females; 7.7%, 55/
717 in males).

Mean reactivity and frequency distribu-
tion. The mean reactivity to ND-BSA in
the LER group (0.03 + 0.03, N = 71) was
significantly lower (p <0.001) than in the
CP population (0.14 = 0.09, N = 140) as
well as the population residing in the HER
(0.09 + 0.08, N = 1340) (Table 2). A sig-
nificant difference was also observed in the
mean reactivity to ND-BSA between the
HER and CP groups (p <0.001).

The frequency distribution of ND-BSA
reactivity among these populations is shown
in Figure 1. As evident, the median values
for the LER, CP and HER groups were 0.02,
0.12, and 0.08, respectively, while the mode
in each group was 0.01, 0.23, and 0.0, re-
spectively.

Mitsuda reaction. The percent positivity
for the Mitsuda response in the LER, CP
and HER groups was 93.0, 91.4, and 88.3,
respectively, with a criteria for positivity of
=>3.0 mm in size.

Mean response and frequency distribu-
tion. The mean Mitsuda response in the
LER was 6.0 = 2.9, N = 71 which was
significantly higher than that seen with the
HER population (4.5 + 2.0, N = 1340, p
<0.0001) as well as the CP group (5.0 =
2.6, N = 140, p — 0.011) (Table 2). A sig-
nificant difference also was observed be-
tween the CP and HER groups (p = 0.007)
in the mean reactivity for the Mitsuda re-
sponse.

The frequency distributions of the Mit-
suda responses in these three populations is
shown in Figure 2. The median values in
the LER, CP and HER groups were 5.5, 5.0,
and 4.5, respectively, while the mode for
each group was 5.0.

ELISA results and Mitsuda response.
The distribution of the positive ELISA re-
sults with respect to lepromin size of <3.0
mm in the CP group (41.7%, 5/12) was sig-
nificantly higher (p <0.001) compared to
that in the HER group (6.4%, 10/156) (Ta-
ble 1). However, of the total positive ELISA
results, the percentage of individuals with a
negative lepromin response was not differ-
ent in the two groups evaluated (5/30, 16.6%
in CP; 10/92, 10.9% in HER) (Table 1).
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Fernandez reaction. The percent positiv-
ity for the Fernandez responses in the LER,
CP and HER groups was 52.1%, 40.0%, and
24.4%, respectively, considering criteria for
positivity as =5.0 mm in size (Table 3).

Mean response and frequency distribu-
tion. The mean response to the Fernandez
reaction in the LER children (5.5 + 4.6, N
= 71) was significantly higher compared to
that seen with the HER group (3.1 + 3.0,
N = 1340, p <0.001) as well as that seen
with the CP group (4.2 = 4.2, p <0.043)
(Table 2). Similarly, there was a significant
difference in the size of the Fernandez re-
sponses of the CP and HER groups (p
<0.001).

The frequency distributions of the Fer-
nandez responses in these three populations
are shown in Figure 3. The median and mode
in the LER population was 5.0 and 0.0; in
the CP group, 3.5 and 0.0; and in the HER
group, 3.0 and 0.0, respectively.

ELISA reactivity and Fernandez re-
sponse. Within the Fernandez-negative in-

Shah, et al.: Anti-ND-BSA Ab and Lepromin in Children

541

%
F
R
E
Q
u
E
N
C
Y

o 10 15 20 25

FERNANDEZ [size in mms)
Fic. 3. Frequency distribution of Fernandez re-

sponses in the low-endemic region (LER), contact (CP)
and high-endemic (HER) populations.

dividuals, the percent positive ELISA in-
dividuals were significantly higher in the CP
group (25.0%, 21/84) compared to that in
the HER group (6.6%, 67/1013). However,
of the total positive ELISA results, the per-
centage of individuals associated with a neg-
ative Fernandez response was not different
in the two groups evaluated (21/30, 70.0%
in the CP group; 67/92, 72.8% in the HER
group) (Table 3).

DISCUSSION

Since leprosy is a disease in which a long
incubation period is required for clinical
manifestation, it is essential that an indi-
vidual who is infected but who has not man-
ifested the disease be identified at the ear-
liest possible time for diagnosis and further
management as well as control of the spread
of the disease. To reach this goal, several in
vitro immunoassays using M. leprae-specif-
ic antigen preparation(s) as well as the in
vivo response to lepromin have been eval-
uated. ND-BSA, a synthetic analog of PGL-

TABLE 1. Positive ELISA results and Mitsuda responses in the LER, CP and HER
populations.
) LER? CP® HER*¢
Size (mm) -
Mitsuda ELISA Mitsuda ELISA Mitsuda ELISA
0-< 3.0 5 (7.0 0.0 12 (8.6) 5(16.7) 156 (11.7) 10 (6.4)
= 3.0 66 (93.0) 0.0 128 (91.4) 25 (83.3) 1184 (88.3) 82 (93.6)
Total 71 140 30(21.49) 1340 92 (6.9)

* LER = children from a low-endemic region.

* CP = children living in a leprosy colony (contact population).

¢ HER = children from a high-endemic region.

4 Figures in parentheses indicate percentage of total.
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TABLE 2. Mean + S.D. ELISA reactivity and lepromin responses in LER, CP and HER
children.

ELISA Lepromin responses
No. A OD 492 nm* Mitsuda® Fernandez¢
(mean = S.D.) (mean *+ S.D.) (mean = S.D.)
LER¢ y.l 0.03 = 0.03 6.0+29 5.5+46
CPs 140 0.14 + 0.09 5.0+ 2.6 42 + 42
HER' 1340 0.09 + 0.08 45+20 3.1 3.0

»A OD 492 nm = HER vs CP: p «< 0.001; HER vs LER: p < 0.001; CP vs LER: p < 0.001.
® Mitsuda = HER vs CP: p < 0.007; HER vs LER: p < 0.001, CP vs LER: p < 0.011.
¢ Fernandez = HER vs CP: p < 0.001; HER vs LER: p < 0.001, CP vs LER: p < 0.043.

¢4 LER = children from a low-endemic region.

¢ CP = children living in a leprosy colony (contact population).

fHER = children from a high-endemic region.

I, specifically detects antibodies to M. leprae
and is widely used in seroepidemiological
studies. The titers of the anti-ND-BSA an-
tibodies are raised mostly in the leproma-
tous type of leprosy, and sera from other
forms of leprosy either have low titers or
are negative for the presence of anti-ND-
BSA antibodies. While there is general
agreement that anti-ND-BSA antibodies
have an inverse relationship with the Mit-
suda response in leprosy patients, such a
relationship has not been established in
control or contact populations.

Of the three populations examined in the
present report, the highest mean ELISA
reactivity along with the largest percent pos-
itive ELISA results were seen in the CP
group; the lowest were seen in the LER
group. This finding is not surprising since
the children examined in the CP group were
living in a leprosy colony and were contin-
uously exposed to M. leprae. However, a
higher percentage of ELISA-positive results
have been reported in a contact population
by Dhandayuthapani, et al. (7) using ND-
O-BSA and by Sampatavanich, er al. ('7)

using the FLA-ABS test. The observed low-
er ELISA positivity in our studies could be
due to a) technical, b) sampling differences,
and/or ¢) the implementation of the MDT
program (which might have affected the in-
fectivity of the organism). It is interesting
to note that the percent positive ELISA re-
sults seen in the LER (0.0) and HER (6.9)
groups in the present studies are very sim-
ilar to that reported by David, ef al.(®).

The frequency distribution analysis of
ELISA results showed a larger number of
ELISA-positive results in the lower range of
A OD 492 nm in the LER group (median
value 0.02), indicating a nonparametric type
of distribution. Similarly, in the HER group
a larger number of its population was seen
with a lower range of A OD 492 nm (median
value 0.07) which progressively declined in
the higher range (Fig. 1). In contrast, for the
CP group the ELISA results were spread
over a larger range of A OD 492 nm (median
value 0.12) with more values in the higher
range.

The most striking observation of this
study was that while there was a higher per-

TABLE 3. Positive ELISA results and Fernandez responses in the LER, CP and HER

populations.
) LER® CPp? HER¢
Size (mm)
Fernandez ELISA Fernandez ELISA Fernandez ELISA
0-<5.0 34 (47.9)¢ 0.0 84 (60.0) 21(70.0) 1013 (75.6) 67 (72.8)
= 5.0 37 (52.1) 0.0 56 (40.0) 9 (30.0) 327 (24.49) 25(27.2)
Total Fd 140 30(21.9) 1340 92 (6.9)

2 LER = children from a low-endemic region.

® CP = children living in a leprosy colony (contact population).

¢ HER = children from a high-endemic region.

¢ Figures in parentheses indicate a percentage of total.
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centage of ELISA-positive results associat-
ed with females in the CP group, this was
not the case in the HER group. The relation
of the ELISA results to sex has been a con-
troversial issue. Whether this is due to the
age differences, populations surveyed, or any
other unknown factor(s) remains to be es-
tablished.

Unlike the ND-BSA antibody reactivity,
the Mitsuda reaction showed a frequency
distribution of the Gaussian type in all three
of the populations evaluated. Similar find-
ings of a Gaussian-type distribution for the
Mitsuda reaction recently has been de-
scribed by David, et al. (°). Interestingly,
the overall mean size as well as the percent
positivity for the Mitsuda reaction varied
significantly among the populations inves-
tigated (LER > CP > HER). Morcover, the
administration of lepromin is believed to
be a microvaccination and the Mitsuda re-
action is a reflection of an immunological
competency of an individual which depends
upon environmental, nutritional and sev-
eral other factors. Thus, the criteria for pos-
itivity and the interpretation of the Mitsuda
reaction may vary for a given population.

Itis interesting to note that the mean reac-
tivity and percent positivity for the Fernan-
dez reaction showed a trend similar to the
Mitsuda reactivity (LER > CP > HER),
implying that it also is a reflection of the
underlying immunology. Furthermore,
among the antibody-positive individuals, a
large proportion of individuals (70.0% in
the CP and 72.8% in the HER groups) was
Fernandez negative, indicating the Fernan-
dez reaction to be a reflection of immune
competence and not only a result of prior
exposure to the organism.

An attempt to correlate the humoral re-
sponse as evaluated by the ELISA results
and the cell-mediated immune response
(Mitsuda/Fernandez) in the same individ-
ual showed poor correlation between the two
parameters in all three groups. These find-
ings further support the view that the lep-
romin response is independent of exposure
to M. leprae, and is an immunological re-
flection of an individual. Nonetheless, it is
worth noting that there was an inverse re-
lationship between the two tests evaluated
in the LER population, where the mean
ELISA results were lowest and the mean
Mitsuda response the highest. In the CP
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group, of the total 30 positive ELISA results
16.7% (5/30) were associated with a Mit-
suda reaction of <3.0, which constituted
41.6% (5/12) of the total Mitsuda-negative
individuals in the CP group. In contrast, in
the HER group, although the negative Mit-
suda test was seen in 11.7% (156/1340) of
the population examined, only 6.4% (10/
156) were also positive in the ELISA. Thus,
in the HER population, the Mitsuda reac-
tion was independent of the ELISA reactiv-
ity. These findings are corroborated with
those of David, et al. (°) who showed that
there was no relationship between the Mit-
suda responses and the ELISA results in
army recruits tested in a leprosy-endemic
region.

Keeping in mind the long incubation pe-
riod of M. leprae before manifestation of
symptoms, the predictive value of the two
immunodiagnostic tests for the detection of
subclinical infection requires a longitudinal
study. In our earlier studies with children
of the HER, 9 children were found to de-
velop the discase within a 2-year follow-up
period ('¢). Of these, only 4 children had
raised levels of anti-ND-BSA antibodies (1
at initial screening and 3 at a later stage)
and 2 had a negative Mitsuda response. All
but one developed a TT-type single lesion.
Only one child who had a Mitsuda response
of 2.0 mm along with raised levels of anti-
ND-BSA antibodies developed BT-type
leprosy. This was expected, since the disease
was detected at the initial stages, and the
children were immediately brought under
MDT. Although the hypothesis suggested
by David, et al. (°) relating the size of the
Mitsuda response to ELISA results for pre-
dicting the type of leprosy is attractive, our
data with a limited number of only 9 cases
are inadequate to validate it. Nonetheless,
it should be borne in mind that we detected
the discase at a very early stage where the
hypothesis may not be applicable. Addi-
tional follow-up years may add more infor-
mation for interpretation of the Mitsuda and
ELISA results.

SUMMARY
Children residing in a low-endemic re-
gion (LER), a high-endemic region (HER),
and a leprosy colony contact population (CP)
were evaluated for lepromin response as well
as reactivity to the Mycobacterium leprae-
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specific synthetic antigen, ND-BSA. The
mean reactivity to ND-BSA in the LER
group (OD 0.03 = 0.03, N = 71) was sig-
nificantly lower (p < 0.001) than that in the
contact population (OD 0.14 + 0.09, N =
140) as well as the population residing in
the HER (OD 0.09 + 0.08, N = 1340).
ELISA-positive results were the highest
(21.4%) with the CP group and lowest (0.0%)
in the LER group, suggesting that it was a
measure of the extent of exposure to M.
leprae. In the contact population, females
showed a preponderance for ELISA posi-
tivity over males (p < 0.005), a finding not
observed with the HER population.

The Mitsuda responses showed a Gauss-
ian-type distribution in all of the three pop-
ulations examined with the mean response
being highest in the LER (6.0 mm =+ 2.9)
and lowest in the HER (4.5 mm * 2.0)
groups. The percent positivity for the Mi-
tsuda reaction was found to be highest in
the LER (93.0%) and lowest in the HER
(88.3%) groups. The Mitsuda response thus
appears to be independent of M. leprae ex-
posure, and its interpretation in a given
population needs consideration of several
factors, such as nutritional, environmental,
etc. The percent positivity as well as the
mean Fernandez response was found to be
highest in the LER (52.1%, 5.5 *+ 4.6) and
lowest in the HER (24.4%, 3.1 + 3.0) groups,
indicating more of a reflection of an indi-
vidual immunological response rather than
a prior exposure to M. leprae.

The humoral and cell-mediated immune
responses (Mitsuda) in the same individual
showed a poor correlation between the two
in all three groups studied. However, the
percent-positive ELISA results associated
with lepromin-negative individuals in the
CP group was significantly higher (5/12,
41.7%) than that observed in HER group
(10/156, 6.4%). The clinical utility and the
predictive value of the two tests along with
the cost-effectiveness for the outcome of the
disease need close and longer follow-up
studies.

RESUMEN

Se midio la reactividad a la lepromina y al antigeno
sintético ND-BSA especifico del Mycobacterium lep-
rae, en ninos de dos regiones, una de baja endemia
(RBE) y otra de alta endemia (RAE), y en ninos con-
tactos de pacientes con lepra (CP). La reactividad pro-
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medio contra ¢l ND-BSA en el grupo de la RBE (DO
0.03 + 0.03, N = 1340) fue significativamente menor
(P = 0.001) que la del grupo de contactos (DO = 0.14
+ 0.09) y que la del grupo de la RAE (DO 0.09 + 0.08,
N = 1340). Los resultados positivos por ELISA fucron
mas altos (21.4%) en el grupo CP y mas bajos (0%) en
¢l grupo de la RBE, sugiriecndo que este parametro es
una medida del grado de exposicion al M. leprae. Entre
la poblacion de contactos, los pacientes femeninos
mostraron mayor positividad por ELISA que los mas-
culinos (p <0.005), hallazo que no fue observado en
la poblacion de la RAE.

Las respuestas tipo Mitsuda mostraron una distri-
buciéon Gaussiana en las 3 poblaciones examinadas,
siendo la respuesta promedio mas alta en el grupo de
la RBE (6.0 mm * 2.9) y mas baja en el grupo de la
RAE (4.5 mm + 2.0).

El porcentaje de positividad para la recaccion de Mi-
tsuda fue mayor en ¢l grupo de la RBE (93.0%) y mas
baja en el grupo de la RAE (88.3%). Asi, la respuesta
tipo Mitsuda parece ser independiente de la exposicion
al M. leprae; la interpretacion de esta reaccion en una
poblacion dada necesita la consideracion de varios fac-
tores de tipo nutricional, ambiental, etc. El porcentaje
de positividad y la respuesta promedio tipo Fernandez
fueron mayores en ¢l grupo de la RBE (52.1% y 5.6
mm + 4.6) y mas bajos en ¢l grupo de la RAE (24.4%
y 3.1 mm + 3.0), reflejando ésto, mas una respuesta
inmunolégica individual que una exposicion previa al
M. leprae. Las respuestas inmunes humoral y celular
(Mitsuda) en el mismo individuo, mostraron una pobre
correlacion entre si en los 3 grupos estudiados. Sin
embargo, ¢l porcentaje de resultados positivos por ELI-
SA entre los individuos lepromino-negativos del grupo
CP, fue significativamente mayor (5/12, 41.7%) que ¢l
observado en el grupo de la RAE (10/156, 6.4%). La
valoracion de la utilidad clinica y el valor predictivo
de las dos prucbas, requicre de estudios mas precisos
y de mayores tiempos de seguimiento.

RESUME

Des enfants résidant dans une région a basse endé-
micité (RBE), une région a haute endémicité (RHE),
et une population de contacts d’une colonie de Iépreux
(PC) ont ¢t¢ évalués quant a leur réponse a la 1épromine
ainsi que pour leur réactivité a lligéne synthétique ND-
BSA, spécifique au Mycobacterium leprae. La réactivité
moyenne au ND-BSA dans le groupe RBE (OD 0.03
+ 0.03, N = 71) ¢tait significativement plus faible (p
< 0.001) que celle dans la population-contact (OD 0.14
+ 0.09, N = 140) ainsi que dans la population résidant
dansla RHE (OD 0.09 + 0.08, N = 1340). Les résultats
positifs 4 'ELISA étaient les plus élevés (21.4%) dans
le groupe PC et les plus faibles (0.0%) dans le groupe
RBE, suggérant qu'il s’agissait 1a d’'une mesure du degré
d’exposition au M. leprae. Parmi la population-con-
tact, les femmes montraient une prépondérance sur les
hommes quant a la positivité a I'ELISA (p < 0.005),
une observation qui ne se retrouvait pas dans la pop-
ulation RHE.
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Les réponses au Mitsuda montraient une distribu-
tion de type Gaussien dans les trois populations exa-
minées, avec la réponse moyenne la plus ¢élevée dans
le groupe RBE (6.0 mm + 2.9) et la plus faible dans
le groupe RHE (4.5 mm + 2.0). Le pourcentage de
positivité pour la réaction de Mitsuda était le plus élevé
dans la RBE (93.0%) ct l¢ plus bas dans la RHE (88.3%).
La réponse au Mitsuda apparait donc étre indépen-
dante de I’exposition au M. leprae, et son interprétation
dans une population donnée demande de prendre dif-
ferents facteurs en considération, tels que la nutrition,
I’environnement, etc. Le pourcentage de positivité ain-
si que la réponse de Fernandez moyenne furent trouvés
les plus ¢levés dans la RBE (52.1%, 5.5 + 4.6) ct les
plus faibles dans la RHE (24.4%, 3.1 + 3.0), donnant
plus une image d'une réponse immunologique indi-
viduelle que celle d’une exposition antéricure a M, lep-
rae.

Les réponses immunitaires humorale et a médiation
cellulaire (Mitsuda) chez la méme personne montraient
une faible correlation entre elles dans chacun des trois
groupes étudiés. Cependant, le pourcentage de résultats
ELISA positifs associés a des tests a la lépromine né-
gatifs était significativement plus ¢élevé dans le groupe
PC(5/12,41.7%) que celui observé dans le groupe RHE
(10/156, 6.4%). L'utilité clinique et la valeur prédictive
des deux tests ainsi que le rapport coit efficacité quant
a I'issue de la maladie nécessitent des études de suivi
plus approfondics et plus longues.
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