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Leprosy is an enigmatic disease. Persis-
tent efforts to unravel the various facets of
the disease have met with limited success.
The phase of infection still remains unrec-
ognized. A reasonably valid marker, sero-
logical or otherwise, of past or current in-
fection with Mycobacterium leprae would
certainly help in understanding the natural
history of the disease and would answer
many epidemiological questions, such as the
probable major course of transmission, the
incubation period, the risk factors for in-
fection and disease, etc., answers that re-
main elusive to this day ( 9). The recognition
of infection, which is one of the principal
goals of leprosy research ( 17), will also pro-
vide us with credible support for the control
of the disease.

Several serological tests have been de-
veloped over the past 80 years to detect
leprosy infection ( 15). The results, however,
are not gratifying. Interest in the past few
years in serodiagnosis has been heightened
by the development of serological tests based
on supposedly M. Ieprae-specific antigenic
determinants (4. 7. 13. 18 • 19 ). The enzyme-
linked immunosorbent assay (ELISA) based
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on phenolic glycolipid-I (PGL-I)( 12) is now
widely used in seroepidemiological studies.
The availability of the synthetic disaccha-
ride portion of PGL-I as an antigen in
ELISA, its relative specificity to leprosy, and
the fact that it is the only assay thus far
standardized among laboratories, may be
the reasons for its widespread acceptance.

The majority of the serological studies that
have been carried out so far have been con-
fined to small, selected, nonrandom popu-
lations of cases and controls. These studies
have reported widely varying results, e.g.,
from 6% to 92% ( 1-3 . 5 . 1(') seropositivity
among contacts of leprosy cases. There have
been only a few large-scale seroepidemiol-
ogical investigations using an ELISA based
on PGL-I reported to date (`'. 10 ).

This paper presents the results of a sero-
epidemiological study conducted in a highly
endemic area of leprosy in South India using
a synthetic ND-O-BSA ELISA.

MATERIALS AND METHODS
The 54 villages in the field area of the

Central Leprosy Teaching and Research In-
stitute (CLTRI) located about 10 kms from
Madras, with a total population of about
100,000, were divided into 135 population
clusters varying in size from 400 to 1000.
Each cluster, which was formed keeping in
mind the natural or administrative bound-
ary, was weighted. Cluster weighting was
done using the criteria of relative risk de-
rived from available data of the study area
to obtain the incremental gain(s) in pro-
spective case detection. Each household in
a cluster was given a risk factor depending
on the presence or absence of a leprosy case
(paucibacillary or multibacillary) in the
household. If there was one or more pau-
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cibacillary (PB) cases in a household, a risk
factor of 2 was given and this was multiplied
by the number of household members mi-
nus the case to arrive at the weightage score
for the household. For instance, a PB case
in a household of five constitutes a weight-
age of 8 = [2 x (5 — 1)]. A single multi-
bacillary (MB) case in a household would
get a score of 5, and multiple MB cases, a
score of 8.

It is hypothesized that a case in a house-
hold would contribute to a neighborhood
effect in terms of transmission of infection,
especially since the households and houses
in a rural setting are closely crowded. Risk
factor scoring ranging from 1.5 to 2.5 was
therefore resorted to for neighboring houses
and households, and for one house all
around the house in which the case was lo-
cated, keeping in mind the proximity of the
inhabited structures. A house was defined
as a structure, tent, shelter, etc., used for
residential or nonresidential purposes, or
both. A household was defined as a group
of persons, who may or may not be related
to one another by blood, living together and
taking food from a common kitchen.

All of the 135 clusters were weighted and
a random sample of 20 clusters was selected
after stratification for size and weightage.
The population sampled was 14,633, with
a ratio of cases to household contacts, neigh-
borhood contacts, and noncontacts of 1:5:
10:30, respectively.

Examination of the population for lep-
rosy was done by research officers, and con-
firmation of the diagnosis of leprosy was
based on clinical examination alone.

Finger-prick blood samples were collect-
ed from individuals in the study area on
Whatman no. 2 chromatography paper.
Four spots (each at least 15 mm in diameter)
were collected from each person; two spots
each on a single 2.0 x 7.5-cm sheet of paper
on which the identification particulars were
written. The papers were air dried, placed
in zip-seal plastic bags, brought immediate-
ly to the laboratory at CLTRI and stored at
—20°C until tested.

At the time of testing, the blood speci-
mens were taken from the freezer and eluted
in phosphate-buffered saline (PBS) contain-
ing 1% bovine serum albumin (BSA) and
0.05% Tween-20 (PBST). A 7-mm-diame-
ter disc (containing approximately 7 pi of

blood) was punched out from each dried
blood spot and treated with 140 pl of PBST
separately in plastic vials for 2 hr. The
eluates were considered equivalent to a 1:40
dilution of the sera.

Synthetic glycoconjugate antigen (ND-0-
BSA), supplied by IMMLEP, World Health
Organization (WHO), was coated on one
half of flat-bottom, microtiter plates (Dy-
natech, Germany). The other half was coat-
ed with BSA alone in order to measure the
nonspecific binding of the eluates. The coat-
ed plates were incubated overnight at 37°C
and then washed with PBST. The eluates of
the blood specimens were then applied in
duplicate antigen and control wells. After
incubation and washing, peroxidase-con-
jugated, antihuman IgM (Dakko, Denmark)
was added, and the plates were incubated
and washed again. Following washing, chro-
mogenic substrate O-phenylene diamine and
hydrogen peroxide in citrate buffer, pH 5.0,
were added to develop color. The color was
then read as absorbance at 490 nm using a
Dynatech ELISA reader.

The serological data were linked to in-
formation in the household schedules and
analyzed by computer at CLTRI. The stan-
dardized seropositivity ratio for contacts and
noncontacts was calculated using the indi-
rect standardization method.

A contact was defined as a person who
had stayed for more than 6 months with
and was found in the same household as the
case at the time of blood collection.

RESULTS
Sera from 4243 individuals (including 132

leprosy cases) from seven clusters have been
analyzed. The demographic particulars of
this population are given in Table 1. Out of
the 132 cases examined, there were 10 MB
cases and 122 PB cases. The disease prev-
alence rate among females was 24.15 per
1000 and it was 38.19 per 1000 among
males; 36% of the PB cases and 63.6% of
the MB cases were females. Seropositivity
(defined as OD > 0.200) was 12.7% in PB
and 28.6% in MB cases (Fig. 1). All of the
MB cases were under treatment for varying
periods (3 months to more than 1 year).

Figure 2 shows that nearly 80%-90% of
the population in the different age groups
had low antibody levels. Seropositivity in
the general (noncase = contact + noncon-
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FIG. I. Antibody level against PGL-I (Absorbance 490) among paucibacillary and multibacillary leprosy
cases.

tact) population was 10.5%. Although the
peak of seropositivity is seen at 10 years, it
is sustained until the age of 30 years and
then shows a gradual decline (Fig. 3). Among
contacts the seropositivity was 14.5%; in

noncontacts it was 13%. It was higher among
female contacts than male contacts (Table
2). The marginally higher rates are borne
out by the standardized rates for the two
groups of both sexes. (Standardization was

TABLE 1. Distribution of study population by contact status case, sex and age.

Age group Contact population Noncontact population Leprosy cases

(vr) Male Female Male Female Male Female

0-4 30 18 228 239 0 0
5-9 43 32 302 284 2 1

10-14 34 22 251 260 15 8
15-24 54 54 438 468 22 11
25-34 35 32 377 312 15 5
35-44 18 22 234 263 13 8
45+ 26 29 339 325 25 24

240 209 2169 2151 92 57
Total (215)' (187) (1843) (1866) (86) (46)

Figures in parentheses = number of individuals examined.
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FIG. 2. Distribution of IgM against PGL-I in the
general population.

done in order to even out the differences in
the age structure between the contact group
and the noncontact group.) This difference,
however, was not significant.

BCG scar status as a variable was not
studied because the BCG scar rate in this
population was less than 10%.

DISCUSSION
This study is part of a longitudinal im-

munoepidemiological study being carried
out in a highly endemic district (prevalence
of > 10 per 1000) of South India. One of
the objectives of the study was to see if
ELISA using PGL-I could be used as a spe-
cific marker of leprosy infection in endemic
populations. The determinate criterion for
appreciating the difference between infected
and noninfected populations should be
based on disease endemicity. In an endemic
area the criterion value is set at a decidedly
high level to achieve reasonably unequiv-
ocal specificity. Positivity criterion of OD
> 0.200 was adapted in the study because
the area is highly endemic, and the value

5^15^25^35^45^55
10^20^30^40^50^55 I
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FIG. 3. Scropositivity among the general population.

was found to represent three standard de-
viations above the mean (+ 3 S.D.) of a
sample of sera from healthy persons in this
area. The finger-prick spots on Whatman
paper withstood the rigors of the field con-
ditions, and the results obtained were com-
parable with those of venipuncture sera ( 8 ).

Even though a higher positivity is seen in
MB cases, which could be explained on the
basis of a higher antigen load seen in these
cases, overall it appears surprising that in
both MB and PB cases the seropositivity is
low. The very low seropositivity (11%)
among cases could be due to the fact that a
majority of the cases were PB and most of
the cases were under treatment. The prev-
alence of seropositivity of 14.5% among
contacts compares well with the 14.4% ob-
tained in an earlier study ( 4) carried out
among contacts in the same area using the
FLA-ABS test. The manifest default of dis-
tinction between contacts and noncontacts
by this test appears disappointing. This pos-
sibly could be due to the fact that in an
endemic area the intensity of exposure to

TABLE 2. Seropositivity rate among cases, contacts and noncontacts by age.

0-4 5-9 10-14 15-24 25-34 35-44 45+ Total SSPIZ'

Males
Cases 0 0 20 10 20 8.3 18.18 15.1 1.21
Contacts 12.5 6.98 10.64 13.04 12.90 11.76 8.70 11.68 0.953
Noncontacts 5.14 15.19 16.74 13.44 12.11 10.78 8.97 12.26 0.995

Females
Cases 0 0 25 10 20 12.5 7.14 13.04 0.905
Contacts 7.69 28.13 23.81 8.16 26.66 21.05 13.04 18.18 1.229
Noncontacts 7.14 13.79 14.11 17.27 17.25 14.04 9.48 13.93 0.977

Standardized seropositivity ratio using the indirect standardization method.
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M. leprae is likely to be high and, at the
same time, the risk of exposure may be uni-
form in the population.

The reason for a marginally higher sero-
positivity among females is not clear. High-
er seroprevalence rates among females were
reported in other studies as well (6 . '"). Case
rates among the female population in this
region are not higher than in males. An at-
tempt has been made to explain this phe-
nomenon on the basis of relative IgM glob-
ulinemia reported among females (H. 15 ) and/
or to a higher probability of seroconversion
among males (")).

The reason for the higher positivity rates
among adolescents and young adults, when
compared to other age groups, is not clear.
Seropositivity may be a transient phenom-
enon and is perhaps reversible. What is re-
ally interesting is that it parallels the case
prevalence pattern observed in the area.

It now appears that the excitement gen-
erated a few years back by the introduction
of various serological tests, especially ELISA
using PGL-I, is waning because of the dis-
appointing results that have been obtained
in several studies. PGL-I based on an ELISA
does not appear to be effective as a seroepi-
demiological tool for diagnosing preclinical
infection or of prognostic value for clinical
disease, at least in high-endemic popula-
tions.

SUMMARY
As part of a continuing longitudinal im-

munoepidemiological study, blood samples
were collected by finger prick from 4243
individuals living in a highly endemic area
for leprosy in South India. The samples were
tested for IgM antibodies against phenolic
glycolipid-I using an ELISA. Seropositivity
defined as optical density 0.2000 was
marginally higher in the age group 10-30
years and in females. There was no evidence
for a higher level in contacts than in non-
contacts. The future prospect for the large
scale use of this ELISA in high-endemic
populations in special epidemiological in-
vestigations or routine control programs as
a serological tool to detect leprosy infection
appears questionable.

RESUMEN
Como parte de un estudio inmunoepidemiolOgico,

se colectaron muestras de sangre por punciOn digital

de 4243 individuos habitantes de un area altamente
endemica del Sur de la India. Las muestras se probaron
para Ia bUsqueda de anticuerpos IgM in contra del
glicolipido fenólico-I usando un ELISA. La seroposi-
tividad, definida como una densidad Optica igual o
mayor a 0.2000, fue marginalmente mayor en el grupo
de edad entre 10 y 30 altos y en mujcrcs. No hubieron
evidencias de que los niveles de anticuerpos fucran
mayorcs en los contactos que en los no contactos. Por
lo tanto, la utilidad de este tipo de ELISA como he-
rramienta para detectar la infección leprosy en los es-
tudios a gran escala en poblaciones altamente ende-
micas, parece ser muy cuestionable.

RESUME
Dans le cadre d'une etude immunoépidémiologique

longitudinale, des échantillons sanguins ont été pre-
levés par piqüre au doigt chez 4243 personnel vivant
dans une region a forte endémicité de lepre dans le Sud
de l'Inde. Les Cchantillons ont etc testes par un ELISA
pour rechercher la presence d'anticorps IgM vis-à-vis
du glycolipide phénolique-I. La seropositivité définie
comme une densité optique 0.2000, était légerement
superieure pour le groupe d'âge 10-30 ans et pour les
femmes. II n'y avail pas d'Cvidence de taux plus Cleves
pour les contacts que pour les non-contacts. La per-
spective d'une utilisation a grande Cchclle de cet ELISA
comme un outil sérologique pour &teeter l'infection
lepreuse dans les populations a haute endémicité pour
des recherches épidemiologiques particulières ou pour
des programmes de routine de lutte contre la lepre,
apparait discutable.
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