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A radioimmunoassay (RIA) for the dem-
onstration and quantification of antibodies
against .11ycobacterium leprae antigen 7 was
developed by MeIsom, et al. (") who dem-
onstrated a decline in antibody activity in
sera from lepromatous patients during the
first year of dapsone (DDS) treatment. They
noted that the fall in antibody activity was
small and attributed this to the large amount
of mycobactcrial antigen present in these
lepromatous patients.

By extending the observation period to
three years, MeIsom, et al. el demonstrat-
ed a marked decrease of IgG and IgA anti-
M. leprae antibody activity measured by
solid phase radioimmunoassays (sRIA) and
of anti-M. leprae 7 activity in the same lep-
romatous patients.

Yoder, et al. (16) determined the antibody
activity against M. leprae antigen 7 by RIA
in groups throughout the spectrum and ob-
served that the median value in four groups
of patients decreased gradually from the lep-
romatous to the tuberculoid end of the spec-
trum, but there was a striking variation in
antibody activity of individual sera in each
group. By studying groups of patients treat-
ed for various lengths of time, they showed
that DDS treatment led to a marked de-
crease in antibody activity in borderline
tuberculoid leprosy and that relapse was as-
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sociated with renewed synthesis and in-
creased antibody activity.

The purpose of the present study was to
determine the antibody activity in individ-
ual patients with borderline tuberculoid (BT)
leprosy during long-term treatment.

MATERIALS AND METHDS
Patient sera. From a group of 80 consec-

utive patients with tuberculoid leprosy at
the All-Africa Leprosy and Rehabilitation
Training Centre (ALERT), Addis Ababa,
Ethiopia, 21 patients fulfilled the criteria for
inclusion in this study: at least four serum
samples should be available, taken at dif-
ferent times during a minimum observation
time of 16 months. The patients were clas-
sified clinically and in most cases histolog-
ically according to the extended Ridley-
Jopling scale (12,13.14) as having borderline
tuberculoid (BT) leprosy.

The patients were divided into two groups:
One, called SUS, contained 12 patients sus-
pected to be harboring DDS resistant ba-
cilli. They still had active lesions or devel-
oped new quiescent or active lesions despite
long-term DDS treatment. The other group,
called TUBA, consisted of nine new pa-
tients who according to the available infor-
mation had not been treated previously. All
patients received a standard supervised
treatment with DDS, 100 mg daily. Three
patients (TUBA Nos. 1, 14 and 19) received
in addition rifampin, 600 mg daily, for three
weeks initially, and one patient (TUBA No.
9) received TB450 (isoniazid 300 mg +
thioacetazone, 150 nig, daily) for one year
initially together with standard DDS treat-
ment. During treatment, the patients were
clinically examined at regular intervals and
sera were collected.

Six patients in the SUS groups were clin-
ically proven to have DDS resistant leprosy
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since they continued to show active lesions
or developed new quiescent or active lesions
despite supervised daily administration of
100 mg DDS after entering this study. In
these six patients, the treatment was changed
from DDS to clofazimine (Lamprene'), 100
mg daily, initially supplemented with ri-
fampin, 600 mg daily, for three weeks in
five of them.

In nine of the TUBA patients a lepromin
test was carried out at the first consultation
upon entering the study. The median ob-
servation period was 29 months with a range
from 16-39 months. The sera were sepa-
rated from venous blood, stored at —25°C
in Addis Ababa, and subsequently trans-
ported in a frozen state to Oslo, Norway,
for testing by radioimmunoassay.

Mycobacteria and antigenic preparations
thereof. M. leprae were provided by Dr. R.
J. W. Rees from the IMMLEP bank as
freeze-dried bacilli purified from liver tissue
of infected armadillos according to protocol
3 of the report of the Third IMMLEP Sci-
entific Working Group, World Health Or-
ganization (WHO), which is procedure IV
of reference 15. The disruption of M. leprae
by ultrasonification for subsequent immu-
nization of rabbits to produce antiscra re-
acting with various components of the ba-
cillus is described elsewhere ( 5 ).

Aliquots of sonified Al. leprae were cen-
trifuged at 20,000 g for 20 min to remove
insoluble material (2). Aliquots of the su-
pernatant were labeled with ' 25 1 by electro-
lytic iodination (4 ' 8). To test each labeled
preparation, a mixture consisting of equal
parts of unlabeled M. leprae sonicate and
the labeled preparation was placed in the cir-
cular antigen well of a crossed immuno-
electrophoresis (CIE) plate with rabbit anti-
M. leprae antibody in the top gel. The plate
was run, washed, pressed, dried and then
exposed to an x-ray film for autoradiogra-
phy ( 1,6.11' .) The film showed intense labeling
corresponding to the precipitate line of an-
tigen 7 where most of the radioactivity was
localized. This preparation was therefore
used directly for the assay of anti-M. leprae
antigen 7.

Radioimmunoassay (RIA). For the assay
of antibodies against M. leprae antigen 7,
the procedure previously described for the
assay of antibodies against BCG antigen 60
(4.6) and M. leprae antigen 7 (") was used.
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FIG. I . Effect of prolonged DDS treatment on anti-
M. leprae antigen 7 antibody activity in newly diag-
nosed borderline tuberculoid leprosy. The activity is
expressed in percent of the activity in a lepromatous
serum pool (LSP) used for reference. The solid lines
indicate periods of clinical improvement; whereas stip-
pled lines indicate periods with signs of active inflam-
mation in skin lesions.

The technique is based on the separation of
antibody-bound labeled Al. leprae antigen
7 from free antigen by the use of protein
A-containing staphylococci which serve as
a solid phase and have a marked capacity
to bind IgG antibodies ( 8 ). Briefly, each tube
contained 100 ill of the appropriate serum
dilution and 100 Al of labeled M. leprae
sonicate. The mixtures were incubated for
30 min at room temperature before adding
2 ml of 0.5% formalinized staphylococci of
the Cowan 1 strain (NCTC 85308). All di-
lutions of unlabeled, "cold" and labeled
proteins and of sera were made in an im-
munoassay buffer of the following compo-
sition: 0.01 M phosphate buffer, pH 7.4, in
0.14 M NaC1 with 0.02% w/v NaN 3 and
0.2% w/v bovine serum albumin (Sigma
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Fio. 2. Four newly diagnosed patients with borderline tuberculoid leprosy with a rapid rise in anti-M. frprae
antigen 7 activity following initiation of treatment. Recording of antibody and clinical activity as in Figure l

Chemical Co., St. Louis, Missouri, U.S.A.).
After the reagents had been mixed, the tubes
were spun at 2300 X g for 20 min, the su-
pernatant was carefully aspirated and the
radioactivity determined in the bacterial
pellet. All values are given as mean values
of duplicate tests. The antibody activity, ex-
pressed in percent of the activity of a lep-
romatous serum pool (LSP) used for refer-
ence, was calculated as described previously
(to).

RESULTS
Figure 1 shows the effect of prolonged

DDS treatment on antibody activity against
M. leprae antigen 7 in nine previously un-
treated patients with borderline tuberculoid
(BT) leprosy. To facilitate the illustration of
the main points, Figure 1 shows the anti-
M. leprae antigen 7 activity at the beginning
and at the end of the observation period for
each patient and, if relevant, at additional
points of marked changes in clinical ap-
pearance.

Seven of the nine newly diagnosed pa-
tients responded clinically to the treatment.
In five of these (TUBA Nos. 1, 9, 11, 12
and 41) there was a marked decrease in an-

tibody activity; whereas Case No. 17 showed
an unusual pattern with active skin lesions
for two years during DDS treatment which
was associated with an increase in antibody
activity. When after the delivery of a child
the lesions subsided, the anti-M. leprae 7
activity decreased.

One case (TUBA No. 25), who did not
respond clinically to the treatment and
showed no significant reduction in antibody
activity, was suspected to have primary
DDS resistant disease. Patient TUBA No.
19 showed no antibody activity at all during
the treatment period of 21/2 years. In this
patient, the clinical features of hypopig-
mentation without loss of cutaneous sen-
sibility and inconclusive histology led to a
revision of the diagnosis, and the treatment
was stopped.

Five of the clinically responding patients
(TUBA Nos. 1, 9, 11, 17 and 41) showed
signs of inflammation in the skin lesions
("active" skin lesions) during the first part
of treatment, indicated with stippled lines
in Figure 1, which were associated with in-
creased antibody activity. In four of them
the rise in antibody activity occurred rap-
idly, as shown in Figure 2, with the highest
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TABLE 1. Anti-M. leprac antigen 7 an-
tibody activity as % of LSP in newly diag-
nosed BT leprosy patients during DDS
treatment."

Patient
no.

Obser-
vation
period

(months)

Antibody activity

Staab/
top'

value

At end
of

study

Differ-
ence

TUBA 1 31 14/35 9 -26
9 36 5/70 3.5 -66.5

11 19 0/80 0.5 -79.5
12 32 43/ 16 -27
17 34 2.5/ 2.9 +0.4
22 27 5/ 4 -1
25 18 14/ 13 -1
41 16 21/200 12 -188

Total^8 213 449.5 60.9 -388.6

Mean reduction in antibody activity per patient per
year in this group was 22% of LSP.

Start value is the anti-M. /eprue antigen 7 antibody
activity in the first scrum sample.

In the patients with more than twofold increase in
antibody activity during the first six weeks the highest
value was used as reference point for calculation of
decrease in antibody activity.

activity being recorded 1-4 weeks after
the beginning of treatment. This rapidly in-
creasing antibody activity was associated
with inflamed skin lesions in all four cases,
two of them having overt reversal reactions.
In these cases, the highest value was used
as the first point in Figure 1 and as the ref-
erence point for calculating the decrease in
antibody activity in Table 1. Mean reduc-
tion in antibody activity per patient per year
in this group was 22% of the activity in the

TABLE 2. Anti-M. leprae antigen 7 an-
tibody activity as % of LSP in six patients,
suspected .from their case histories to have
DDS resistant disease but who improved on
supervised DDS treatment."

Patient
no.

Obser-
vation
period

(months)

Antibody activity

Start
value

At end
of study Difference

SUS 2 20 41 43 +2
4 19 7 4.5 -2.5

12 32 80 18 -62
15 16 42 23 -19
22 29 23 17 -6
33 24 58 39 -19

Total 6 140 251 144.5 -106.5
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FIG. 3. Effect of prolonged supervised DDS treat-
ment on anti-M. leprae antigen 7 antibody activity in
six borderline tuberculoid leprosy patients, who were
suspected from their case histories to have DDS resis-
tant leprosy. All improved on supervised DDS treat-
ment alone. Recording of antibody and clinical activity
as in Figure 1.

LSP. The whole group was used for the cal-
culation with the exception of case TUBA
No. 19 whose diagnosis of leprosy was re-
vised.

TABLE 3. Anti-M. leprae antigen 7 an-
tibodv activity as % of LSP in five patients
who were clinically resistant to supervised
DDS treatment."

Antibody activity

At end^.Differenceof study

SUS 3 14 19 37 +18
7 3 28 17 -11

14 27 43 32 -11
16 30 14 11 -3
24 21 57 40 -17

Total 5 95 161 137 -24

Obser-
Patient^vation

No.^period^Start
(months) value

Mean reduction in antibody activity per patient per^Mean reduction in antibody activity per patient per
year in this group was 9% of LSP.^ year in this group was 3% of LSP.
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FIG. 4. Effect of prolonged treatment on anti-Al. leprac antigen 7 antibody in clinically DDS resistant patients
with borderline tuberculoid leprosy before and after change of therapy. Recording of antibody and clinical
activity as in Figure 1.
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In the SUS group of 12 patients suspected
of having DDS resistant disease from their
clinical history, there was a marked varia-
tion in response to continued DDS treat-
ment under supervision.

Six patients responded clinically to DDS
treatment. Five of these showed a decrease
in anti-M. leprae 7 activity, as illustrated in
Figure 3, but the slope of the curves was
less steep than in the TUBA group with
newly diagnosed patients. The mean reduc-
tion per patient per year was 9% of LSP
(Table 2).

The results obtained in five of the six pa-
tients who did not respond clinically to con-
tinued DDS treatment are shown in the left
part of Figure 4. The pattern is variable.
Patient SUS No. 7 received DDS alone for
only three months since new lesions ap-
peared, but the second sample showed lower
antibody activity than the first one. Case 16

showed an initial decrease in antibody ac-
tivity and clinical improvement for two
years, followed by clinical deterioration as-
sociated with an increase in anti-M. leprae
7 activity. Case SUS No. 3 showed a marked
increase; Cases 24 and 14 showed barely
decreasing antibody activity. Table 3 shows
that the mean reduction per person per year
was 3 % of LSP in this group.

After change of treatment, clinical im-
provement was obtained in five cases, and
this was associated with a marked decrease
in antibody activity in all cases. The mean
reduction in antibody activity in this group
was 12% of LSP per patient per year, as
shown in Table 4. This marked decrease was
seen in all but one case after a few months
on effective treatment, as illustrated in the
right part of Figure 4 and in more detail in
Figure 5. One case (SUS No. 7) showed an
increase in antibody activity for nearly one
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TABLE 4. Anti-M. leprae antigen 7 an-^Anti M. leprae 7

tibody activity as % of LSI' in six patients^(in % of LSP)

with clinically DDS resistant disease after^100 -
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Total 6^107^195^88^—107
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year after change of therapy while her le-
sions remained active. Then clinical im-
provement was observed in association with
decreasing antibody activity.

DISCUSSION
In previous studies ('6) groups of BT lep-

rosy patients treated for various periods of
time were investigated. They showed that
DDS treatment led to a marked decrease in
antibody activity in BT leprosy and that
relapse was associated with renewed syn-
thesis and increased antibody activity. In
each group there was a striking variation in
the antibody activity of individual sera.
Therefore, the need for investigation of in-
dividual patients with BT leprosy during
long-term treatment was obvious.

The present study confirms and extends
our main earlier observations. The majority
of the patients responding clinically to DDS
treatment showed a decrease in antibody
activity. The decline in antibody activity
was more pronounced in the newly diag-
nosed (TUBA) patients than in the DDS
sensitive SUS patients with long-standing
leprosy (Table 1 compared with Table 2) in
whom the basic stimulation of the immune
system has been going on for years and is
probably more profound.

Patients who were suspected from their
case histories to have DDS resistant disease
(the SUS group) were included in the pres-
ent investigation to get an extra opportunity

FIG. 5. Effect of prolonged treatment on anti-M.
leprcze antigen 7 antibody activity in a patient with
DDS resistant disease (SUS No. 3) before and after
change from DDS to Lamprene (marked L). Record-
ing of antibody and clinical activity as in Figure I.

to evaluate the correlation between clinical
effect during treatment and alteration in an-
tibody activity. This group was heteroge-
neous. Six of these patients responded clin-
ically to supervised DDS treatment which
was associated with a definite decrease in
antibody activity in five cases. The decline
in antibody activity was, however, some-
what less than in the TUBA group, as men-
tioned above. In the remaining six SUS pa-
tients who were clinically not responding to
supervised DDS treatment, the antibody ac-
tivity was variable, and a definite decrease
in antibody activity was first obtained after
change to effective treatment.

The main observation is, therefore, that
there is a strong correlation between clinical
findings and antibody activity when groups
of patients are investigated and that in in-
dividual patients the curves of clinical and
antibody activity run mostly parallel. How-
ever, some patients deviate from this main
pattern in different ways. The reasons for
this deviation remain to be elucidated, but
factors such as genetic predisposition, vari-
ation in antigen load, exposure to other
crossreacting mycobacteria, reactions, and
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pregnancy are probably involved. Aware-
ness of these deviations is important. In-
terpretation of the findings in individual se-
rum samples may indeed be difficult and
should always be made in relation to the
clinical condition.

During this long-term study of individual
patients, a new and interesting observation
was made. Four of eight patients (50%) in
the TUBA group reacted with a rapid and
marked increase in antibody activity shortly
after initiation of treatment. This pattern
was only observed in TUBA patients re-
sponding clinically to therapy and is prob-
ably due to increased antigen liberation from
the bacteria which stimulates the immune
system.

A similar pattern was observed by Kaplan
and Chase ( 9), who measured anti-myco-
bacterial antibody activity before and after
treatment in patients with tuberculosis. They
showed that before treatment most patients
with tuberculosis had only weak antibodies
against native antigens in mycobacterial
culture filtrates, even with advanced disease
or prolonged symptoms. Only 46% of newly
diagnosed patients showed antibody activ-
ity in their precipitation tests. Sera from
patients with relapsed tuberculosis obtained
before antimicrobial therapy contained pre-
cipitating antibodies more frequently (in
66% of the cases) and reacted with more
antigens in culture fluids. Chemotherapy re-
sulted in increased antibody activity in pa-
tients with both newly diagnosed and re-
lapsed tuberculosis. They observed two
patterns of antibody response after the ini-
tiation of therapy. Antibody negative
tients required at least 6-8 weeks to sero-
convert; whereas patients with preexisting
antibody showed a more rapidly detectable
increased antibody synthesis. In both groups,
an early increase in antibody response after
the initiation of treatment was always as-
sociated with clinical improvement.

All four patients in Figure 2 were sero-
positive before the initiation of therapy, but
since the next sera were obtained after 4-
10 weeks and then had reached maximum
activity, it is likely that increased antibody
synthesis is induced in a few weeks.

During the period of increased antibody
synthesis, all four patients showed signs of
inflammation in skin lesions and two had
overt reversal reactions. But after 2-8

months all improved, accompanied with a
definite decrease in antibody activity.
Therefore, in BT patients an early and strong
increase in antibody activity after the ini-
tiation of treatment seems to be a favorable
sign, even if increased inflammatory activ-
ity and a reversal reaction may occur ini-
tially.

The four TUBA patients with rapidly in-
creasing antibody activity obtained differ-
ent fbrms of treatment. Case No. 1 received
rifampin for three weeks initially together
with DDS, and Case No. 9 received TB450
(isoniazid, 300 mg + thioacetazone, 150 mg,
daily) for one year initially together with the
standard dose of DDS. However, the same
pattern of response was observed in Case
Nos. 11 and 41 who received DDS alone.
Therefore, this particular pattern of re-
sponse to treatment does not appear to de-
pend on the kind of treatment given but on
the institution of effective chemotherapy.

At the start of this study, a lepromin test
was carried out in the TUBA patients. How-
ever, it is unlikely that this would affect the
results of the antibody assay in a significant
way. To our knowledge, there are no pub-
lished data in humans indicating so. Fur-
ther, inoculation of armadillos with living
Al. leprae leads to increased anti-H. /eprcie
antigen 7 antibody activity, but only after
six months in connection with sustained ba-
cillary multiplication ( 3). In analogy, BCG
vaccination leads to a moderate and short
lasting increase in anti-11. leprae antigen 7
activity probably related to a limited mul-
tiplication of these bacteria in vivo (Harboe,
unpublished observations).

Any early indicator that could help to de-
termine the course of the disease and the
response to therapy would be of signifi-
cance, particularly in cases of BT leprosy
where few criteria are available to evaluate
the course early after initiation of treatment
due to the low number of bacilli in the skin
lesions and the slow course. This particular
pattern with early and marked increase in
antibody activity seems to be such an in-
dicator to confirm the diagnosis and indi-
cate that the therapy is effective. The strong
correlation between signs of inflammation
and reactions and a rapid and marked in-
crease in antibody activity observed in these
four TUBA patients (Nos. 1, 9, 11 and 41)
also indicates that the underlying processes
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are associated with the stimulation of both
humoral and cellular immune responses.
This is an additional indicator that the pre-
viously claimed strict inverse relationship
between cell-mediated and humoral im-
mune responses throughout the leprosy
spectrum cannot be upheld.

Further studies should be made on the
development of antibody activity in indi-
vidual BT patients during treatment—and
particularly during the first six months with
the new combined-drug regimens recom-
mended by WHO.

SUMMARY
Anti-Mycobacterium leprae antigen 7 an-

tibody activity was determined by radioim-
munoassay during treatment in a longtime
study of individual patients with newly di-
agnosed borderline tuberculoid (BT) lep-
rosy and in BT leprosy patients who were
suspected from their case histories to have
dapsone (DDS) resistant leprosy. There was
a strong correlation between clinical and an-
tibody activity, and clinical improvement
following treatment led to a marked de-
crease in antibody activity in most cases.

A characteristic pattern of rapid and
marked increase in antibody activity shortly
after the initiation of treatment was ob-
served in patients with newly diagnosed BT
leprosy. This pattern may become of prac-
tical importance in the evaluation of pa-
tients with BT leprosy as an indicator that
the therapy is effective, even though this
pattern was associated with a transient in-
crease in inflammatory activity in the skin
lesions. The association of inflammatory
activity with increased antibody activity
strongly indicates that the underlying pro-
cesses are associated with the stimulation
of both humoral and cellular immune re-
sponses.

RESUMEN
Sc us6 un radioinmunoensayo para determinar la

actividad de anticuerpo contra el antigeno 7 del My-
cobacterium leprae en el suer° de pacientes con lepra
tuberculoide intermedia (BT) de reciente diagnOstico
y de pacientes con lepra BT clue, segfin sus historias
clinicas, parecian haber desarrollado resistcncia a la
dapsona (DDS). El estudio se hizo a largo plazo, du-
rante el tratamiento de los pacientes. Sc encontrO que
hubo una gran correlaciOn entre la actividad clinica y

la presencia de anticuerpos y que la mejoria clinica que
sigui6 al tratamiento condujo a una marcada dismi-
nuciOn en la actividad de anticuerpo en la mayoria de
los casos.

En los pacientes con lepra BT de reciente diagnOstico
se observ6, de manera caracteristica, un rApido y mar-
cado increment° en la actividad de anticuerpo poco
despuits de iniciado el tratamiento. Este patron de la
respuesta en anticuerpo puede llegar a ser de impor-
tancia practica en la evaluaciOn de los pacientes con
lepra 13T como un indicador de que la terapia es efec-
tiva, aOn cuando dicho patron estuvo asociado con un
incremento transitorio en la actividad inflamatoria de
las lesiones de la piel. La asociaciOn de la actividad
inflamatoria con el incremento en la actividad de anti-
cuerpo indica que los fenomenos subyacentes estAn
asociados con la estimulaciOn tanto de la inmunidad
humoral como dc la celular.

RÈSUMÈ

On a procede A une determination radioimmuno-
logique de l'activite en anticorps contre l'antigene 7 de
Mycobacterium leprae, au cours du traitement, dans le
cadre d'une etude A long terme des malades individuels
presentant une lepre tuberculdide dimorphe (lIT) re-
cemment diagnostiquée, et de malades atteints de lepre
LIT dont on soupconnait d'apres leur anamnese qu'ils
pourraient presenter une lepre resistante a la dapsone.
On a note une correlation prononcee entre les signes
cliniques et ractivite en anticorps; l'amelioration cli-
nique A la suite du traitement a mene A une diminution
marquee de l'activite en anticorps dans la plupart des
cas.

Un profil caracteristique d'augmentation rapide et
prononcee dans l'activite en anticorps tres peu de temps
apres l'instauration du traitement a ete observe chez
les malades soulfrant d'une lepre BT recemment dia-
gnostiquee. Ce profil pourrait revetir une importante
pratique pour Ft:valuation des malades atteints de lepre
BT, comme indicateur d'une therapeutique
meme si cc profit est associe avec une augmentation
transitoire de l'activite inflammatoire dans les lesions
cutanees. L'association (rune activite inflammatoire
avec unc elevation de l'activite en anticorps, montre
clairement que les mecanismes sous-jacents sont as-
socies avec la stimulation des reponses immunitaires,
tant humorales que cellulaires.
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