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Soluble skin-test antigens have been pro-
duced from armadillo-derived Mycobacte-
rium leprae by Drs. Rees and Convit, re-
ferred to as Rees and Convit skin-test
antigens (STA). Rees' STA is also referred
to as leprosin or MLSA, and Convit's STA
as SPA or SA. It was hoped that these STAs
would meet the long-felt need for a test for
leprosy infection to use in epidemiological
studies. They were also expected to serve as
tests for measuring postvaccination sensi-
tization induced by vaccine preparations
against leprosy. The Central JALMA Insti-
tute for Leprosy Field Unit has been car-
rying out a number of studies using these
antigens, and these data were initially uti-
lized to examine the influence, i f any, ofskin
testing with Rees' STA on reaction to a sub-
sequent test with the same antigen (Study
1). However, this study lacked a proper con-
trol group and, therefore, we undertook a
controlled study to see whether testing with
Rees' STA has any specific sensitizing or
boosting effect on reactions to a subsequent
test with the same antigen (Study 2). The
findings of these two studies are presented
in this paper.

MATERIAL AND METHODS
Study 1. The population for this study

consisted of members of households of all
the leprosy patients detected in a prevalence
survey together with members of neighbor-
ing households in three villages in Sripe-
rumbudhur Taluk of the Chingleput Dis-
trict, Tamil Nadu, India. In this population,
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two surveys, at an interval of 6 months,
were conducted; the first from August—De-
cember 1987, the second from February—
June 1988. In addition to clinical exami-
nation for leprosy, this population was skin
tested with Rees' STA on both occasions.

A total of 2168 persons were skin tested
and the results were read at both the first
(first test) and second (second test) surveys.
Those studied were of different ages and
gender, and also differed with respect to lep-
rosy disease status, i.e., noncases, suspected
cases, and cases of leprosy on the basis of
clinical examination.

Study 2. This study was undertaken in
1700 healthy persons in another village of
Sriperumbudhur Taluk during May—De-
cember 1989. Each person received 0.1 ml
of either Rees' STA or normal saline by
random allocation. A random subset of 850
persons was tested with STA after 3 months.
The remaining 850 persons were tested with
STA after 6 months.

In addition, 242 leprosy patients diag-
nosed in a prevalence survey in 12 villages
were included in the study. The patient pop-
ulation was stratified according to type of
leprosy, age, and sex. STA and normal sa-
line were randomly allocated to the patients
in each stratum. All of the patients were
tested with STA after 6 months.

In each of the two studies, the same batch
of Rees' STA (Lot WEL 3 CD-73) was used
at both time points. Each person received
0.1 ml of the antigen containing 1 mg of
protein intradermally on each of the two
occasions but at different sites of the fore-
arm (midvolar of right and left forearms,
respectively. in Study 1 and upper dorsum
of right and midvolar of the left forearms,
respectively, in Study 2). The skin tests were
performed by standardized testers, and 48
hr later the transverse diameters of indu-
rations, in millimeters, were read by stan-
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TABLE 1. Mean dif/erence (nun) in reaction size to the too tests (2nd - 1st), by reaction
size to 1st test and age (Study 1).

Reaction
to 1st test

Age group (yr)

(mm) 1-4 5-9 10-14 15-24 25-34 35+ Total

0-3 7.06 13.67 7.00 18.50 16.33 12.80 11.67''
(17).' (6) (2) (2) (6) (30) (63)

4-7 6.67 7.81 9.60 10.49 9.21 6.57 7.54
(163) (74) (20) (35) (14) (47) (353)

8-11 4.89 6.62 5.58 6.03 6.30 5.00 5.75"
(57) (61) (24) (38) (30) (38) (248)

12-15 1.12 2.52 3.36 2.99 2.61 2.11
(52) (90) (72) (86) (44) (83) (427)

16-19 0.18 0.71 1.38 1.42 1.56 1.02 1.20"
(22) (86) (141) (171) (106) (193) (719)

20-23 -0.50 -1.33 -1.29 -1.37 -0.93 -1.43 -1.27''
(6) (24) (42) (67) (58) (105) (302)

14+ -4.00 -5.50 -2.33 -4.00 -4.00 -3.80
(1) (2) (6) (16) (11) (20) (56)

Total 4.85 3.82 2.31 2.35 1 . 11 1.99 2.84
(318) (343) (307) (415) (269) (516) (2168)

•' Figures in parentheses give number tested-read.
' p < 0.01.

dardized readers, following standard pro-
cedures ( 4 ).

Statistical analysis. The paired t-test was
used to test for significance of the mean in-
crease in reaction size. The chi-squared test
was employed for comparing proportions.
Since most of the distributions were not uni-
modal, the Mann-Whitney U test was em-
ployed to compare two means. For com-
paring more than two means, the F-test (if
permissible) or the Kruskal-Wallis test was
used.

RESULTS
Study 1. Considering reactions to the two

tests with STA, performed at an interval of
6 months, the size of reaction to the second
test, in general, was larger than that to the
first test. The mean sizes of reaction to the
first and second tests were 14.1 mm and
16.9 mm, respectively, the mean increase
in reaction size being 2.8 mm (p < 0.01).
Of the 558 persons reacting with 0-9 mm
to the first test, as many as 440 (79%) had
reactions of 10 mm or more to the second
test. Even among children aged 1-4 years
this proportion was as high as 69%. Con-
sidering reactions of 10 mm or more to be
"positive," the positivity rate went up from
74% at the first test to 93% at the second
test (p < 0.01), showing that a vast majority

of persons who were "negative" to the STA
became "positive" within 6 months' time.
These results were very similar in the pa-
tient population also, irrespective of the
clinical classification of the leprosy.

The difference in mean reaction size to
the two tests according to age and size of
reaction to the first test is shown in Table
1. An analysis of variance showed that the
mean difference in reaction size to the two
tests was independent of age (p > 0.2) but
was highly dependent on the size of reaction
to the first test (p < 0.001).

Study 2. The pattern of results among
those tested with STA at 0 and 3 months
and at 0 and 6 months was very similar to
that observed in Study 1. These results
showed that the difference in mean reaction
size to the two tests was larger at 6 months
compared to that at 3 months (p < 0.05).
The overall increase in mean reaction size
was 0.44 mm and 1.67 mm at 3 and 6
months, respectively.

Table 2 gives data on the mean sizes of
reactions to STA at 3 and 6 months for the
tested and control groups at 0 months ac-
cording to age and sex. With the design
adopted, the increase in mean reaction size,
if any, in the tested group in comparison
with that in the control group can be attrib-
uted to the boosting or sensitizing effect of
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TABLE 2. Mean reaction (mm) to Rees' ST/I at 3 months and at 6 months, separately
for the tested and control groups at 0 months, by age and sex (Study 2).

Age
group
(yrs)

At 3 mo At 6 mo

Tested Control Difference Tested Control Difference
No. Mean No. Mean in means No. Mean No. Mean in means

Males
1-9 56 10.91 58 8.59 2.32" 63 12.02 61 11.16 0.86

10-24 49 15.61 33 14.85 0.76 45 16.51 34 15.32 1.19
25-34 20 15.50 22 15.64 -0.14 18 15.06 23 17.04 -1.99
35+ 42 15.10 32 14.28 0.82 43 18.12 39 13.51 4.611)
Total 167 13.89 145 12.34 1.55' 169 15.09 157 13.51 1.58''

Females
1-9 51 9.90 62 8.37 1.53 51 10.35 59 11.47 -1.12

10-24 58 13.47 59 15.08 -1.61 54 15.63 60 15.17 0.46
25-34 35 14.14 35 14.06 0.08 30 16.07 32 17.03 -0.96
35+ 51 14.49 48 12.40 2.09 46 15.24 43 14.49 0.75
Total 195 12.92 204 12.24 0.68 181 14.12 194 14.20 -0.08

Both sexes
1-9 107 10.43 120 8.48 1.95b 114 11.27 120 11.32 -0.05

10-24 107 14.45 92 15.00 -0.55 99 16.03 94 15.22 0.81
25-34 55 14.64 57 14.67 -0.03 48 15.69 55 17.04 -1.35
35+ 93 14.76 80 13.15 1.61 89 16.63 82 14.02 2.61"
Total 362 13.37 349 12.28 1.09' 350 14.59 351 13.89 0.70

p < 0.05.
b p < 0.01.

the first test at 0 months. The overall in-
crease was only marginal; 1.1 mm (p < 0.05)
at 3 months and 0.7 mm (p > 0.1) at 6
months. This increase was mostly confined
to males.

In the patient population, the compari-
sons are based on 182 patients who were
test-read on both occasions. Considering all
patients, the mean reaction size to STA at
6 months in those initially tested was sim-
ilar to that in the control group; 15.7 mm
and 16.4 mm in the two groups, respectively
(p > 0.4). Among the 150 patients belong-
ing to the tuberculoid leprosy or borderline
tuberculoid leprosy group, mean sizes of re-
actions were 16.7 mm and 16.9 mm (p >
0.8). Among the 22 patients belonging to
the borderline lepromatous leprosy or lep-
romatous leprosy group, mean reaction sizes
were 10.1 mm and 11.9 mm (p > 0.6) in
the initially tested and control groups, re-
spectively.

Although it was not the purpose of Study
2 to obtain estimates of the proportion
"positive" to STA after different intervals
of time, the available material was used to
study the mean size of reaction and pro-
portion of persons "positive" (10 mm or

more) to STA at 0, 3, and 6 months among
persons tested with STA for the first time.
Both the mean size of reaction and propor-
tion positive to STA at 3 months did not
differ significantly from those at 0 months;
whereas they were slightly higher at 6
months, particularly in the youngest age
group. Considering the age group 1-9 years,
among 221 and 120 children tested for the
first time at 0 and 6 months, the proportions
positive to STA were 51.1% and 55.8% (p
> 0.1) and the mean sizes of reactions were
9.2 mm and 11.3 mm (p < 0.01), respec-
tively. Since the two groups of children were
random samples from the same population,
this increase can be attributed to new sen-
sitization.

DISCUSSION
The objective of the studies reported here

was to see whether skin testing with AI. lep-
rae soluble antigen had any effect on reac-
tions to a retest with the same antigen. Data
from Study 1 demonstrated that there was
a significant increase in the size of reaction
to Rees' STA, even within a short span of
6 months, both among leprosy patients and
others. The increase was very much pro-
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nounced in persons with small sizes of re-
actions to the first test, irrespective of age.
However, this increase could be due to sev-
eral factors, such as design effect (i.e., the
effect of regression to the mean), new sen-
sitization (specific and nonspecific), and a
boosting and sensitizing effect of the first
test. Since this study did not include a con-
trol group, i.e., a group which did not re-
ceive STA on the first occasion, it was not
possible to know exactly the magnitude of
the boosting/sensitizing effect of STA, if any,
on reactions to a subsequent test. In order
to understand these results better, a prop-
erly controlled study was therefore under-
taken.

The phenomenon of boosting of a reac-
tion in a subsequent test due to the initial
test has been well documented in respect to
the tuberculin test ( 1 • 5 ' 9• Narain, et al.
reported that a test with 1 TU of PPD RT
23 with Tween 80 was responsible for a sig-
nificantly larger reaction to a subsequent test
given 2 months later, and that this effect
increased with age ("). There was an in-
crease in the mean reaction size of 1.7 mm
in the group tested twice as compared to
that in the control group tested only once
at 2 months. This boosting effect, observed
2 months after previous testing, was not seen
after a period of 18 months (")). It has also
been reported that this enhancing effect may
be more marked in communities with a high
prevalence of nonspecific sensitivity ( 9  ").
Comstock reported that although there was
no evidence that subjects could be sensi-
tized by doses of tuberculin used in routine
testing, those doses were capable of boosting
sensitivity that had waned below the level
of detection back toward its original degree
of intensity ('). Ferebee and Mount ob-
served that, on the second test, the per-
centage of reactors was higher in the sub-
groups which had been tested with
tuberculin originally than in those tested first
with diluent ( 5 ).

However, no studies seem to have been
reported in the literature on the boosting or
sensitizing effect of skin testing with Al. lep-
rae soluble antigens. Ponnighaus and Fine
( 9) in their studies based on 91 individuals
have observed skin-test "conversions" fol-
lowing Rees' STA (batch CD-19) in 39% of
individuals. They also noted "natural re-
version" following STA in 30% of the in-

dividuals. They could not hypothesize "to
what extent this may reflect temporal vari-
ations in skin sensitivity to this antigen
among members of this population or
boosting of the skin test response or actual
sensitization by the initial skin test." They
attempted to make use of this 39% conver-
sion figure to work out the "corrected" con-
version rates to judge vaccine effects in their
studies. Convit, et al. ( 2) have reported post-
vaccination sensitization results using Con-
vit's STA. However, their studies did not
include a control group receiving only the
STA twice. Gill, et al. (6) also reported re-
sults of postvaccination sensitization using
Rees' STA (batch CD-19) in a nonendemic
country for leprosy. Although no details on
individuals who received only the Rees' STA
were given, no boosting effect was appar-
ently perceptible in their study. In none of
the studies using Al. leprae soluble antigens
reported above was there a control group,
i.e., a group that did not receive STA on the
first occasion, which would have helped to
obtain a direct measure of the boosting or
sensitizing effect of the STA.

The results of the second study reported
here, which included a control group, clearly
showed that the quantum of the boosting or
sensitizing effect with Rees' STA over a pe-
riod of 3-6 months was small, a finding
similar to that reported with a tuberculin
test. No boosting effect was seen in leprosy
patients.

In the two studies reported here, it was
observed that among persons with small re-
action sizes to STA, the size of reaction to
the repeat test was significantly higher than
that to the first test, giving the impression
that the first test had a strong enhancing
effect on reactions to the second test. How-
ever, from the results of the second study,
which included a control group, it was clear-
ly seen that the quantum of the boosting or
sensitizing effect of the first test as well as
that of new sensitization was small over a
period of 3-6 months. Thus, the significant
increase in reaction size to the second test
among those with small reaction sizes to the
first test was mostly due to the design of the
study and cannot be attributed to the boost-
ing or sensitizing effect of the first test.

It was also seen in the first study that the
increase in reaction size to the repeat test
was the highest in those with very small
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reactions to the first test and gradually de-
creased as the size of reaction to the first
test increased. In fact, for persons with very
high initial reactions, there was a decrease
in reaction size to the second test (Table 1).
In a group of persons with very small re-
actions to the first test, readings to the sec-
ond test, on the average, would show an
increase. Similarly, in a group of persons
with readings of very large reactions to the
first test, readings to the second test would
tend to show a decrease on the average. This
interesting phenomenon of the effect of re-
gression to the mean has been reported in
the literature ( 3 ). These results clearly dem-
onstrate that to carry out such studies with
skin-test antigens without proper controls
may lead to erroneous conclusions.

M. leprac soluble antigens have not been
found useful in detecting leprosy infection
in an endemic area for leprosy ( 5). The "soft"
nature of reactions to these antigens and the
difficulties in the reproducibility ofthe read-
ings have also been reported ( 7). However,
these antigens as well as lepromin arc often
used in measuring postvaccination sensitiv-
ity to antileprosy vaccines (2, 6.'2, 1 3

)
. In view

of the results reported in this paper, that
even without any intervention reactions to
a repeat test would be much larger partic-
ularly among those with small reaction sizes
to the first test, it becomes important that
while designing studies for measuring post-
vaccination sensitivity, provision for a con-
trol group should be made. This would help
in obtaining a direct measure of the effect
of a vaccine which does not include effects
due to the design, boosting or sensitizing
effect of the first test, and new sensitization.

In conclusion, the results of the studies
reported here have shown that: a) there was
a very slight boosting effect with M. leprac
soluble antigen, similar to that reported with
tuberculin, and b) it would be dangerously
misleading to carry out similar studies with-
out proper controls.

SUMMARY
Soluble skin-test antigens (STA), pro-

duced from armadillo-derived ,llycobacte-
rium leprac by Drs. Rees and Convit, were
expected to meet the long-felt need of a test
for leprosy infection and also to serve as
tests for measuring postvaccination sensi-
tization induced by vaccine preparations

against leprosy. The present paper reports
results from two studies examining the in-
fluence, if any, of skin testing with Rees'
STA on reaction to a subsequent test with
the same antigen.

In the first study, 2168 persons from
households of leprosy patients and from
neighboring households were skin tested
with Rees' STA twice at an interval of 6
months. In the second study, 1700 persons,
free from leprosy, received either Rees' STA
or normal saline by random allocation. A
random subset of 850 persons was tested
with Rees' STA after 3 months. The re-
maining 850 persons were tested with Rees'
STA after 6 months. In addition, 242 lep-
rosy patients were given Rees' STA or nor-
mal saline by random allocation, and all of
these patients were tested with Rees' STA
after 6 months.

The results of the two studies showed that
among persons reacting with a small size of
reaction to Rees' STA, the size of the re-
action to the repeat test was significantly
larger. However, from the results of the sec-
ond study, which included a control group,
it was clearly seen that the quantum of
boosting or sensitizing effect of the first test
as well as that of new sensitization was small
over a period of 3-6 months. Thus, the sig-
nificant increase in reaction size to the sec-
ond test among those with a small-size re-
action to the first test was mostly due to the
design effect and was not attributable to the
STA.

In view of the finding that even without
any intervention, reactions to a repeat test
would be much larger among those with a
small-size reaction to the first test, it be-
comes important while designing studies for
measuring postvaccination sensitivity that
provision be made for a control group to
ensure a direct measure of the effect of a
vaccine.

RESUMEN
Se esperaba quc los antigenos solubles para pruebas

en piel (STA), producidos a partir del .1 lycobacteri um

leprae cultivado en armadillos por los Drs. Rees y Con-

vit, sirvieran para demostrar la infecciOn leprosa y tam-

biên para medir la sensibilizaciOn postvacunal indu-
cida por las di ferentes vacunas contra Ia lepra. El

presente trabajo reporta los resultados de dos estudios

en donde se examinO Ia iniluencia de las pruebas con

los STA de Rees, sobre la reacciOn a una prueba de
repeticiOn con el mismo antigeno.
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En el primer estudio, 2168 personas (convivientes y
no convivientes con pacientes con lepra), se probaron
con los STA en dos ocasiones con un intervalo de 6
meses. En el segundo estudio, 1700 personas libres de
lepra, recibieron los STA o soluciOn salina, al azar.
Una muestra de 850 personas seleccionada tambien al
azar se prob6 con los STA despues de 3 meses. Las
restantes 850 personas se probaron con los STA, 6
meses despues. Ademas, 242 pacientes con lepra se
inyectaron, al azar, con los STA o con soluciOn salina,
y todos se probaron con los STA de Rees, 6 meses
despues.

Los resultados de los 2 estudios mostraron que las
personas que dieron una pequeiia reacciOn a los STA,
exhibieron una reacciitn significativamente mayor
cuando se probaron una segunda vez con los STA. Sin
embargo, los resultados del segundo estudio, el cual
incluyel un grupo control, indicaron que Ia magnitud
del efecto reestimulante o sensibilizante de la primer
prueba en piel, asi como la magnitud del efecto de una
nueva sensibilizacion, fueron pequenas durante un pe-
riodo de 3 a 6 meses. Asi, el significante incremento
en el tamano de la reacciim a Ia segunda prueba der-
mica, entre aqucllos individuos con una reacciOn de
pequeno tamano a la primer prueba en piel, no fue
atribuible a los STA, sino al diserio experimental.

En vista del hallazgo de que aim sin ninguna inter-
venciitn, las reacciones a una prueba de repeticiOn son
mucho mayores en los individuos con una reacciOn de
pequeno tamano a la primer prueba intradermica, se
'lace evidente la importancia de incluir siempre un
grupo control en los estudios disenados para medir Ia
sensibilidad resultante de cualquier vacunaciOn contra
Ia lepra.

RESUME
On avail espere que les tests cutanês bases sur les

antigenes solubles produits 3 partir de Mycobacterium
leprac obtenus de tatous par les Docteurs Recs et Convit,
puissent satisfaire les besoins ressentis depuis long-
temps pour un test d'infection lepreuse; on avait egale-
ment espere que ces tests puissent mesurer la sensi-
bilisation post-vaccinale induite par des preparations
de vaccins vis-a-vis de la lepre. Le present article rap-
porte les resultats de deux etudes examinant l'influence
eventuelle des tests cutanes bases sur l'antigene soluble
de Rees sur Ia reaction vis-a-vis d'un test ultericur avec
le meme antigene.

Dans Ia premiere etude, 2168 personnes vivant dans
des maisons avec des patients prêsentant la lepre ou
dans des maisons voisines, ont eu a deux reprises, a
un intervalle de 6 mois un test cutane avec l'antigene
de Rees. Dans Ia seconde etude, 1700 personnes, in-
demnes de lepre, ont recta soit l'antigene soluble de
Rees, soit une solution saline normale. L'allocation de
ces personnes a l'un ou l'autre groupe, s'est deroulee
au hasard. Un sous-groupe randomise. de 850 per-
sonnes rut test& avec l'antigene soluble de Rees apres
3 mois. Les autres 850 personnes furent testées avec
l'antigene de Rees apres 6 mois. De plus, 242 patients

lepreux ont rccu soit l'antigene soluble de Recs, soil la
solution saline normale avec allocation au hasard, et
tous ces patients ont etc testes avec l'antigene de Rees
apres 6 mois. Les resultats des deux etudes out montre
que parmi les personnes qui avaient une reaction de
petite taille vis-a-vis de l'antigene soluble de Rees, la
taille de la reaction augmentait de maniere significative
lorsque le test était repete. Cependant, a partir des
resultats de la deuxieme etude, qui comprenait un
groupe temoins, on a clairement vu que l'effet sensi-
bilisateur du premier test aussi bien que celui d'unc
sensibilisation repetee etait faible sur une periode de
3 ft 6 mois. En consequence, l'augmentation signifi-
cative de Ia taille de Ia reaction au second test parmi
crux qui avaient une reaction de petite taille etait due
principalement a un artefact et ne pouvait etre attribuee

Eantigene soluble. Au vu de l'observation que, meme
en l'absence d'intervention, les reactions a un test re-
pel& seraient beaucoup plus importantes parmi cettx
qui avaient presente une reaction de petite taille pour
le premier test, it devient important lors de l'etablis-
sement de protocoles d'etude pour mesurer la sensi-
bilite post-vaccinale, de prevoir un groupe temoin afin
d'assurer tine mesure directe de Fara du vaccin.
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