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Subclinical infection in leprosy has re-
cently been discussed as onc of the most
important problems from the epidemiolog-
ical and immunological viewpoints (I. '9' 48).

Bacteriological examination was first used
by Figueredo and Desai (22) and Taylor, et
al. (44) and immunological tests, such as the
lepromin test and lymphocyte transforma-
tion test (LTT), have been used extensivcly
by many investigators (9' 27' 37' 39' 41' 47), but
the disadvantage of these tests was their
crossreactivity with other mycobacteria. The
introduction of the indirect immunofluo-
rescence test by Abe, et al. (3) was promising
and desirable because the test could easily
be rendered specific by absorbing the cross-
reacting antibodies in the scrum. An im-
proved technique ofthis test, the fluorescent
leprosy antibody absorption (FLA-ABS) test
(4), has been used for detecting subclinical
infection with Alycobacteriitin leprae in
household contacts and school children
(5,12,13,.) The serological sensitivity and spec-
ificity of this test have also been confirmed
by other investigators (7, II. 26, 33, 46,.) Al-
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though some scra showed crossreactions
with other mycobacteria, these reactions
could easily be di fferentiated from a specific
reaction to AI. leprae by an additional ab-
sorption test (5' 6)• More reccntly, the tech-
n ique of enzyme-linked immunoabsorbent
assay (ELISA) has been used by several in-
vestigators (14. 17. 20, 21, 42, ) A major com-
ponent of the phenolic glycolipid of A/.
leprae, PGL-I, isolated and characterized
by Hunter, et al. (211, ) and a synthetic
di- or trisaccharide epitopc of this lipid
have also been used as antigens for ELISAs
(Is' 23-25' 38) and the passive hemagglutin-
ation (PA) test (40). However, the ELISAs
were found fess sensitive, although more
specific, than the FLA-ABS and PA tests for
detecting subclinical infection in contacts
(2). Most reccntly, the detection of antibod-
ies against protein antigcns of AI. leprae has
been attempted by some investigators (32' 34).

Using a AI. /eprac-specific monoclonal an-
tibody competition assay, Sinha, et al. (43)
found positive reaction in 46% of 28 con-
tacts of multibacillary leprosy cases. Ash-
worth, et al. (8) reported that only 6 out of
100 household contacts were positive in the
same test.

Although the results of these tests have
been vcry divcrse, it is generally accepted
that infection with Al. leprae is far more
common than is evidcnced by cases ofovert
disease (45). Accordingly, the study of sub-
clinical infection may be essential for un-
derstanding the epidemiology ofleprosy in-
fection. Another uscful aspect ofsuch studies
is the possibility of prophylaxis of leprosy.
In order to minimize new cases of leprosy,
it is important to bc able to detect subclin-
ical infection as early as possible and to pre-
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vent immunodeficient individuais from de-
veloping overt leprosy by providing
adequate treatment. Since the production of
antibody to M. leprae does not necessarily
reflect a deficicncy of cell-mediated im-
munity (CMI) in leprosy, antibody studies
must be complemented by the sim ultaneous
use of any test for CMI. Therefore, the pres-
ent study was planned and was initiated in
1980 with the following objectives and
rationalc: a) to measure the sensitivity and
specificity of the FLA-ABS test as a diag-
nostic tool to detcct subclinical infection in
leprosy, b) to identify asymptomatic indi-
viduais infected with AL /eprac (i.e., scro-
positive) who are ai high risk of developing
multibacillary leprosy because of deficient
CMI to AI. leprae antigens, and c) to make
a com parative study of the preventive ef-
ficacy of chemoprophylaxis and BCG vac-
cination among cases with subclinical lep-
rosy. Results of the study concerning a) and
b) are described in the present paper. The
study on c) is still in progress.

MATERIALS AND METHODS
Study subjects

A total of 3014 houschold contacts in one
leprosarium and seven leprosy colonies in
Thailand were surveyed from 1980 to 1986.
The number of contacts in each colony, the
location of the colony, and the date of the
first survey are as follows: 548 in Amnaj-
Jaroen Colony (Ai), Ubol Province, August
1980; 762 in Maelao Colony (ML), Chian-
grai Province, October 1981; 79 in Banhan
Colony (BH), Mahasarakam Province, Oc-
tober 1981; 123 in Selapoom Colony (SP),
Roi-et Province, October 1981; 805 in Non
Sompoon Leprosarium (NS), Khonkaen
Province, November 1982; 353 in Prang-
Kayang Colony (PK), Chandaburi Prov-
ince, January 1985; and 239 in Pudhong
Colony (PH), Nakorn-Srithammarat Prov-
ince, January 1986. As a control group, 566
inhabitants of two villages—Non-Song
Macw (NSM), Khonkaen Province, and
Nong-Krapu (NKP), Petch-buri Province —
and 605 in the other two villages—Non-kra-
nuan (NKN), Khonkaen Province, and Ban-
kokko (BKK), Supanburi Provincc—were
surveyed in 1984.

These villages were classified by a prev-
alence rate (PR) of leprosy per 1000 pop-

ulation and categorized as follows: no pa-
tient (PR = 0) is nonendemic, PR < 1 is
hypoendcmic, PR 1-2 is mesoendemic, and
PR > 2 is hyperendemic. In 1983, the rates
in NSM and NKP were 20.0 and 16.0, re-
spectively, while no patients were found in
NKN or BKK in that year. Ali of the in-
dividuais underwent the following proce-
dures.

Survey of personal history
A particular form was used throughout

the study. The form consisted of namc and
code number, age, sex, address by code
number, occupation, blood relationship with
the patient, type (classification) of leprosy
in the patient, and duration of contact by
year. Since the number of specialists, ad-
ministrators, office clerks, salesmen, skilled
workers, security, communication and oth-
er service workers was not large, they were
grouped into the category of businessmen.
Family members with blood relations other
than children and grandchildren were cat-
egorized as other. The types ofleprosy were
expressed by: MBL = multibacillary (lep-
romatous and borderline) leprosy; PI3L =
paucibacillary (tuberculoid and indetermi-
nate) leprosy. A contact of multiple cases of
MBL and PI3L in the household was cias-
sified as a contact of MBL.

Examination for clinicai signs
Individuais with overt symptoms or signs

of leprosy were excluded from the present
study. The others were checked by the pres-
ence of a BCG scar, dermal and neural signs
or symptoms, loss of sensation, and other
skin diseases. Results of a BCG scar survey
were recorded as: Yes = scar of previous
BCG vaccination present; No = no scar and
a negative history of having received BCG
vaccination; Unknown = no scar and not
quite sure whether BCG vaccination had
been received. Those with a defmite history
of BCG but without a sear were considered
to have received previous BCG vaccination.
Palpable enlargement of peripheral nerves,
muscle weakness, and anesthesia (loss of
tactile and thermal sensations) were cate-
gorized as neural signs and symptoms. Der-
mal signs and symptoms consisted of infil-
tration, nodule, papule, plaque and macule.
Those clinically diagnosed as of nonleprous
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origin were categorized as other skin dis-
cases. Acconlingly, the dermal signs and
symptoms described below were mainly an
ill-defined plaque or macule of unknown
origin with or without loss of sensation.

Immunological tests
Lepromin test. Dharmendra's lepromin

(") was prepared by one of the authors (MA)
ai the National Institute for Leprosy Re-
scarch (NI LR), Tokyo, Japan. One-tenth mi
of this lepromin was injected intracutane-
ously into a flexor side of the forearm, and
the diameter of induration with redness was
read after 48 hr. The result was expressed
by a criterion recommended at the VII In-
ternational Leprosy Congress, i.e., 0-4 mm
is negative, 5-9 mm is doubtful, 10-14 mm
is a weak positive (1 +), 15-19 mm is a
moderate positive (2 +), and 20 mm or more
is a strong positive (3 +).

Tuberculin test. Purified protein deriv-
ative (PPD) was supplied by the Chest Hos-
pital, Department of Communicable Dis-
cases Control (CDC), Thailand, for the first
survey and later by the Japan BCG Labo-
ratory, Tokyo, Japan. The skin test with
PPD (0.1 mg/dose) was simultancously car-
ried out in the contralateral forearm. Read-
ing and grading of the reaction were the same
as those in the lepromin test.

FLA-ABS test. Blood was collected by
venipuncture, or finger prick in the case of
some infants, before the injection of the skin-
test reagents. The sera werc kcpt on ice dur-
ing the survey and subsequently kept in a
deep freeze until use. Most of the sera were
sent to NI LR packed with dry ice. The tech-
n ique of the FLA-ABS test (4) was slightly
modified as described previously (2). The
results of these immunological tests were
read blind, i.e., without knowing any other
data.

Chemoprophylactic and vaccination trials
Dapsone (DDS) was supplied by the Lep-

rosy Division, Department of CDC, Thai-
land. BCG was supplied by the Japan BCG
Laboratory, Tokyo, Japan. DDS was given
daily according to body weight (1-2 mg/kg);
BCG was given once a year. The treatment
with either DDS or BCG was determined
by the results of the immunological tests.

Statistical analysis
Ali of the data obtained by the above pro-

cedures from each individual were tran-
scribed by marking a code card. The num-
ber of each mark on ali cards was calculated
by using an electronic statistical analyzer
(PASKEY 1000; Gaikoku Bunken Co. Ltd.,
Tokyo, Japan). The chi-squared test was
used for statistical evaluation. A probability
value (p) less than 0.05 was considered to
bc significant. The Yates' correction was ap-
plied to the analysis if the actual number of
individuais was less than 5 in any grouping.
If this number appeared in a comparison of
three or more items, the grouping of the
individuais was modified so that the num-
ber of individuais in cach group became 5
or more. Unknown and cases that werc not
done were omitted from the chi-squared test.

RESULTS
A frequency distribution of the ages of

the household contacts was compared to
those of the villagers in the leprosy-endemic
and nonendemic arcas. The results are
shown in The Figure. It was apparent that
a higher percentage of young people and a
lower percentage of the aged were found in
the household contacts in the leprosy col-
onies than in the villages. The numbers (and
percentages) of the individuais classified by
personal history, physical examination, and
immunological test are shown in Table 1.
The percentages of the respective groups in
every item, excepting other skin diseases and
sex, were significantly different among the
household contacts and two groups of vil-
lagers. A higher percentage of the contacts
than of the villagers was seen in students,
children and grandchildren of the patient,
contacts with MBL cases, long duration of
contact, BCG vaccination, and FLA-ABS-
and lepromin-positive responders. Percent-
ages of both the neural and dermal symp-
toms and signs were not significantly
different between the household contacts and
the villagers in the endemic arca, bui the
percentages in these two groups were higher
than those in the villagers in the nonendem-
ic arca. Tuberculin-negative responders were
less frequent in the villagers in the nonen-
demic arca than in household contacts and
villagers in the endemic arca.
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TABLE 1. Comparison of household contacts in leprosy colonies to the villagers iii endemic
and nonendemic atras.

Group
Household

contacts
Villagcrs in arca

PEndemic Nonendemic
No. cyo

No. % No. %

Total 3014 100.0 566 100.0 605 100.0
Scx Male 1422 47.2 278 49.5 213 46.8 > 0.5

Female 1592 52.8 284 50.5 242 53.2
Unknown O 4 150

Occupation Businessman 162 5.4 9 1.6 22 3.6 < 0.001
Farmer 899 29.8 311 54.9 369 61.0
Student 1467 48.7 129 22.8 156 25.8
No occupation 486 16.1 117 20.7 58 9.6

Blood relation Child 2112 70.1 36 6.4 O 0.0 < 0.001
to patient Grandchild 362 12.0 4 0.7 O 0.0

Other 166 5.5 35 6.2 O 0.0
Sponse 204 6.8 3 0.5 O O
No relation 170 5.6 487 86.2 601 100.0
Unknown O 1 4

Typc of patient MBL 1786 59.6 21 36.8 O 0.0 < 0.001
PBLb 1209 40.4 36 63.2 O 0.0
Unknown 19 509 605

Duration of 5 and less 692 23.0 15 19.0 O 0.0 < 0.01
contact (yr) 6-10 755 25.1 34 43.0 O 0.0

11-15 746 24.8 15 19.0 O 0.0
16-20 435 14.4 1 1.3 O 0.0
> 20 384 12.7 14 17.7 O 0.0
Unknown 2 487 605

BCG vaccination No 920 31.2 73 33.8 146 58.4 < 0.001
Yes 2033 68.8 143 66.2 104 41.6
Unknown 61 350 355

Neural sign/ No 2727 90.5 488 86.4 564 93.4 < 0.001
symptom Yes 287 9.5 77 13.6 40 6.6

Unknown O 1 1

Dermal sign/ No 2933 97.3 551 97.3 597 98.8 < 0.05
symptom Yes 81 2.7 15 2.7 7 1.2

Unknown O O 1

Other skin No 2580 85.6 497 88.0 531 87.9 > 0.1
diseases Yes 434 14.4 68 12.0 73 12.1

Unknown O 1 1

FLA-ABS Negative 1572 52.2 368 81.1 431 85.2 < 0.001
test Positive 1+ 811 26.9 77 17.0 61 12.1

2+ and more 631 20.9 9 2.0 14 2.8
Not done O 112 99

Lepromin test Negative 642 21.3 280 49.6 244 40.4 < 0.001
(Dharmendra) Doubtful 1504 49.9 218 38.6 256 42.4

Positive 1+ 591 19.6 53 9.4 77 12.7
2+ and more 277 9.2 14 2.5 27 4.5
Not done O 1 1

Tuberculin test Negative 841 27.9 127 22.5 72 11.9 < 0.001
Doubtful 815 27.0 195 34.5 174 28.9
Positive 1+ 941 31.2 208 36.8 255 42.3
2+ and more 417 13.8 35 6.2 102 16.9
Not done O 1 2

' MBL = multibacillary (lepromatous and bordei-line) leprosy.
b PBL = paucibacillary (tuberculoid and indeterminate) leprosy.
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TABLE 2. Percentage of positive FLA-ABS and lepromin reactions in household contacts
classified^their personal history and physical findings.

Group No.
assayed

FLA-ABS
P

Lepromin
PPosi -

tive
% Posi-

tive (Vo

Total 3014 1442 47.8 868 28.8
Age 0-4 401 143 35.7 < 0.001 86 21.4 < 0.001

5-9 678 314 46.3 141 20.8
10-14 730 365 50.0 215 29.5
15-19 480 248 51.7 194 40.4
20-24 253 121 47.8 88 34.8
25-29 155 77 49.7 43 27.7
30-34 106 53 50.0 32 30.2
35-39 65 34 52.3 18 27.7
40 and more 146 87 59.6 51 34.9

Sex Male 1422 679 47.7 > 0.9 397 27.9 > 0.3
Female 1592 763 47.9 471 29.6

Occupation Businessman 162 90 55.6 < 0.01 61 37.7 < 0.001
Farmer 899 451 50.2 305 33.9
Student 1467 696 47.4 388 26.4
No occupation 486 205 42.2 114 23.5

Blood relation Child 2112 1007 47.7 < 0.001 606 28.7 < 0.05
to patient Grandchild 362 154 42.5 101 27.9

Other 166 79 47.6 35 21.1
Spouse 204 126 61.8 73 35.8
No relation 170 76 44.7 53 31.2

Type of patient MBLa 1786 858 48.0 > 0.5 494 27.7 > 0.05
PBLb 1209 571 47.2 371 30.7
Unknown 19 13 68.4 3 15.8

Duration of 1 and less 123 35 28.5 < 0.001 32 26.0 < 0.001
contact (yr) 2-5 569 226 39.7 118 20.7

6-10 755 371 49.1 181 24.0
11-15 746 387 51.9 250 33.5
16-20 435 234 53.8 152 34.9
> 20 384 187 48.7 135 35.2
Unknown 2 2 100.0 O 0.0

BCG vaccination No
Yes

920
2033

400
1011

43.5
49.7

< 0.01 207
641

22.5
31.5

< 0.001

Unknown 61 31 50.8 20 32.8

Neural sign/ No 2727 1248 45.8 < 0.001 792 29.0 > 0.3
symptom Yes 287 194 67.6 76 26.5

Loss of sensation No 2981 1427 47.9 > 0.7 853 28.6 < 0.02
Yes 30 12 40.0 15 50.0
Unknown 3 3 100.0 O 0.0

Dermal sign/ No 2933 1391 47.4 < 0.01 835 28.5 < 0.02
symptom Yes 81 51 63.0 33 40.7

Other skin No 2580 1244 48.2 > 0.3 744 28.8 > 0.9
diseases Yes 434 198 45.6 124 28.6

Lepromin test Negative 642 324 50.5 > 0.05 - -
Doubtful 1504 688 45.7 - -
Positive 868 430 49.5 - -

MBL = multibacillary (lepromatous and borderline) leprosy.
b PBL = paucibacillary (tuberculoid and indeterminate) leprosy.
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THE FIGURE. Frequency distribution of the age of household contacts in leprosy colonies (LC) and those of
villagers in endemic (EV) and nonendemic (NV) arcas.

The results of the FLA-ABS and lepromin
tests are shown in more detail in Table 2.
The FLA-ABS test was less frequently pos-
itive in the 0-4 age group than in other age
groups, while the lepromin test was less fre-
quently positive in the 0-4 and 5-9 age
groups than in the other age groups. Both
tests were more frequently positive in con-
tacts of a businessman ora farmer than in
those without an occupation, in the spouse
than those with blood relation to the pa-
tient, in those with a BCG scar than those
without, and in those with a dermal sign or
symptom than without. However, the per-
centage of positive reactions in both tests
was not significantly different according to
the type ofleprosy of the patient. The FLA-
ABS test was less frequently positive in those

in whom the duration of contact was for 1
year or lcss than in those contacts with 6
years or more of contact. The lepromin test
was less frequently positive in those with
contact of 10 years or less than in those with
longer contact. Neural signs or symptoms
showed a significant correlation with the
FLA-ABS test, but no correlation with the
lepromin test. Loss of sensation showed a
significant correlation with the lepromin test.
No correlation was found between the two
tests themselves. Enlargement of the auricu-
lar or ulnar nerve or both was the most
frequent among the neural signs or symp-
toms. Ten cases with a plaque and 74 with
a macule of unknown origin were found,
apart from those with overt leprosy and
thosc with other skin diseases. However,
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TABLE 3. Percentage of positive FLA-ABS and lepromin reactions in the villagers elas-
sijied by their personal histol.), and physical findings.

Group No. as-
sayed

FLA-ABS

P
No. as -
sayed

Lepromin
PPosi-

tive
,y

°
Posi-
tive

Total 806 143 17.7 1016 121 11.9

Age 0-4 70 7 10.0 > 0.3 83 7 8.4 < 0.02
5-9 109 17 15.6 168 20 11.9

10-14 141 21 14.9 171 16 9.4
15-19 106 18 17.0 124 12 9.7
20-24 68 15 22. 1 72 9 12.5
-).5-29 64 13 20.3 78 11 14.1
30-34 47 11 23.4 57 8 14.0
35-39 55 9 16.4 65 11 16.9
40 and more 146 32 21.9 198 27 13.6

Sex Male 403 81 20.1 > 0.05 490 62 12.7 > 0.7
Female 403 62 15.4 525 57 10.9

Occupation Businessman 22 3 13.6 > 0.05 31 9 29.0 < 0.01
Farmer 576 110 19.1 679 109 16.1
Student 208 31 14.9 285 39 13.7
No occupation 154 17 11.0 175 15 8.6
Total 960 161 16.8 1170 172 14.7

Blood relation Child 31 6 19.4 > 0.9 37 2 5.4 > 0.8
to patient Grandchild 2 O 0.0 4 1 25.0

Other 26 3 11.5 31 7 22.6
Spouse 1 O O 3 O O
No relation 893 151 16.9 1088 161 14.8
Total 953 160 16.8 1163 171 14.7

Type of patient MBLa 14 3 21.4 > 0.2 21 5 23.8 > 0.3
PBLb 27 1 3.7 36 4 11.1
Unknown 17 4 23.5 17 1 5.9
Total 58 8 13.8 74 10 13.5

Duration of 5 and less 11 O 0.0 > 0.5 15 2 13.3 > 0.3
contact (yr) 6-10 30 4 13.3 34 2 5.9

11-15 13 1 7.7 15 2 13.3
16-20 1 O 0.0 1 O 0.0
> 20 4 . 1 25.0 5 3 60.0
Total 59 6 10.2 70 9 12.9

Neural sign/ No 863 117 13.6 < 0.001 1053 157 14.9 > 0.5
symptom Yes 98 44 44.9 117 15 12.8

Total 961 161 16.8 1170 172 14.7

Loss of sensation No 942 156 16.6 > 0.7 1148 165 14.4 > 0.3
Yes 13 4 30.8 15 4 26.7
Total 955 160 16.8 1163 169 14.5

Dermal sign/ No 943 156 16.5 >0.5 1146 170 14.8 >0.2
symptom Yes 16 4 25.0 22 1 4.5

Total 959 160 16.7 1168 171 14.6

Other skin No 786 128 16.3 > 0.5 965 147 15.2 > 0.2
diseases Yes 171 30 17.5 199 24 12.1

Total 957 158 16.5 1164 171 14.7
Lepromin test Negative 437 75 17.2 > 0.05 - - -

Doubtful 392 73 18.6 - - -
Positive 131 13 9.9 - - -
Total 960 161 16.8 - - -

MBL = multibacillary (lepromatous and borderline) leprosy.
b PBL = paucibacillary (tuberculoid and indeterminate) leprosy.
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TABLE 4. Frequency of neural and dermal signs and symptoms in household contacts
and villagers classified by their personal history and physical findings.

Group

Household contacts Villagers

No. as-
sayed

Neural
sign/

symptom

Dermal
sign/

symptom
No. as-
sayed

Neural
sign/

symptom

Dermal
sign/

symptom

No. % No. % No. % No.^%

Total 3014 287 9.5 81 2.7 1171 117 10.0 22^1.9

Age 0-9 1079 60 5.6' 31 2.9 252 13 5.2 5^2.0
10-19 1210 140 11.6 29 2.4 294 35 11.9 8^2.7
20-29 408 53 13.0 10 2.5 151 22 14.6 3^2.0
30-39 171 30 17.5' 6 3.5 122 15 12.3 3^2.5
40 and more 146 14 9.6 5 3.4 198 20 10.1 1^0.5
Unknown O O O O O 154 12 7.8 2^1.3

Sex Male 1422 219 15.4' 28 2.0 491 84 17.1 11^2.2
Female 1592 68 4.3 53 3.3" 526 20 3.8 11^2.1
Unknown O O O O O 154 13 8.4 O^0.0

Occupation Businessman 162 22 13.6 3 1.9 31 7 22.6" O^0.0
Farmer 899 115 12.8' 24 2.7 680 74 10.9 13^1.9
Student 1467 142 9.7 40 2.7 285 27 9.5 6^2.1
No occupation 486 8 1.7' 14 2.9 175 9 5.1 b 3^1.7
Unknown O O O O O O O O O^O

Blood relation Child 2112 221 10.5 62 2.9 36 3 8.3 O^O
to patient Grandchild 362 15 4.1' 4 1.1 4 1 25.0 O^O

Other 166 16 9.6 4 2.4 35 6 17.1 2^5.7
Spouse 204 15 7.4 5 2.5 3 1 33.3 O^O
No relation 170 20 11.8 6 3.5 1088 106 9.7 20^1.8
Unknown O O O O O 5 O O O^O

Type of patient MBL` 1786 180 10.1 52 2.9 21 5 23.8 2^9.5
PBLd 1209 104 8.6 29 2.4 36 5 13.9 O^O
Unknown 19 3 15.8 O O 1114 107 9.6 20^1.8

Duration of 5 and less 692 28 4.0' 22 3.2 15 1 6.7 O^O
contact (yr) 6-10 755 81 10.7 17 2.3 34 3 8.8 1^2.9

11-15 746 79 10.6 24 3.2 15 3 20.0 1^6.7
16-20 435 55 12.6 5 1.2 1 O O O^O
>20 384 44 11.5 13 3.4 14 1 7.1 O^O
Unknown 2 O O O O 1103 109 9.9 20^1.8

Dermal sign/ No 2933 275 9.4 - - 1149 111 9.7 -^-
symptom Yes 81 12 14.8 - - 22 6 27.2' -^-

Unknown O O O - - O O O -^-

Level of significance < 0.01.
b Level of significance < 0.05.

MBL = multibacillary (lepromatous and borderline) leprosy.
d PBL = paucibacillary (tuberculoid and indeterminate) leprosy.

neither the FLA-ABS test nor the lepromin
test was influenced significantly by the dif-
ferent localizations or different types of these
suspicious signs and symptoms.

The results of these tests in the villagers
are shown in Table 3. The FLA-ABS test
showed a significant correlation with neural
signs or symptoms only, while the lepromin
test showed some differences according to
age and occupation. The frequencies of the
neural and dermal signs and symptoms were

compared between houschold contacts and
the villagers classified by their personal his-
tory and physical findings (Table 4). (The
chi-squared value is omitted from the table
and only a significantly higher or lower per-
centage is pointed out, as explained in the
footnote.) The frequency of neural signs or
symptoms in the household contacts showed
a significant difference according to age, sex,
occupation, blood relation to the patient,
and duration of the contact. A different fre-



Tuberculin test^Lepromin test
Positive (Yo^Negative

Total

BCG
vaccination

Yes

No

Tuberculin test
Positive

Positive 487
Non-positive 154
Positive 117
Non-positive 90

Total 848

Lepromin test

46.7
15.6
40.2
14.3
28.7^2105^2953

Non-positive

556
836
174
539

Total

1043
990
291
629

< 0.001

< 0.001
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TABLE 5. Relationship among immunological tests.

FLA-ABS test

Positive^Positive^304^49.3^313^617^> 0.7
Non-positive^359^48.4^382^741

Non-positive^Positive^126^50.2^125^251^> 0.2
Non-positive^653^46.5^752^1405
Total^1442^47.8^1572^3014

quency of neural signs or symptoms was
also found in the occupation of the villagers.
On the other hand, derma! signs or symp-
toms of household contacts were more fre-
quent in females than in males.

Tables 5-7 show the results of three-di-
mensional analyses on the household con-
tacts. The nonpositive includes doubtful and
negative reactions. The percentages of pos-
itive FLA-ABS tests were not significantly
different according to the lepromin and tu-
berculin reactivities. However, the percent-
ages of the positive lepromin tests were sig-
nificantly higher in the tuberculin-positive
responders compared with the nonpositive
responders, irrespective of BCG vaccina-
tion. The ncural signs or symptoms did not
correlate with the lepromin test, although
they did with the FLA-ABS test (Tables 2
and 7).

The household contacts in each leprosy
colony were divided into four groups ac-
cording to the results of the immunological
tests (Tablc 8). The percentages of these
groups were significantly different among the
colonies. For example, group III was more
frequent and groups II and IV were less fre-
quent in the AJ colony than in the other
colonies. Nearly half of the contacts in group
II were treatcd with dapsone (DDS); those
in group III, by BCG vaccination. The re-
mainders in ali of the groups were used as

controls without treatment. Ali ofthem were
followed up yearly, with a physical exami-
nation for symptoms and signs of leprosy,
and lepromin and tuberculin tests; only in
group II and group III was the FLA-ABS
test repeated annually. The result of this
follow-up study will be reported separately.

DISCUSSION
Although seven leprosy colonies and one

leprosarium in different provinces of Thai-
land were under the leprosy control project,
their populations and modes of living were
not uniform and their cultural exchange with
general society was relatively infrequent.
These conditions made possible a broad ep-
idemiological survey as well as longitudinal
physical and immunological observations
of the household contacts in each place.
However, it was difficult to visit each place
twicc or more each year because the survey
was conducted by investigators from two
institutes in Thailand and Japan. Therefore,
reading ofMitsuda's late reaction in the lep-
romin test had to bc omitted. Dharmendra
lepromin was also used becausc ofits adapt-
ability for reading the Fernandez reaction
and its weak immunizing effect on the host
after repeated testing (35'36).

The age distribution in the household
contacts was significantly different from
those in the villagers as the control groups.

TABLE 6. Eflect of BCG on tuberculin and lepromin tests.



FLA-ABS test^Lepromin test
Neural sign or symptom

Total

Positive

Negative
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TABLE 7. Relationship between immunological tests and neural sign or symptonz.

Yes^ No

Positive^50
Non-positive^144
Positive
Non-positive^67

Total^287

^

11.6^380

^

14.2^868

^

5.9^412

^

5.9^1067

^

9.5^2727

430^>0.1
1012
438^> 0.9

1134

3014

This difference must bc taken into account
in interpreting the results of the FLA-ABS
and lepromin tests, because the infants were
found less responsive to both tests than were
the older children and aduas. In spite of
this, the percentage of positive reactions in
the total household contacts was signifi-
cantly higher than that in the villagers.
Moreover, the reactivity of both tests in the
household contacts showed a significant
correlation with their occupation and blood
relation to the patient. These facts suggest
that the immune responses to M. leprae are
more strongly influenced by the physiolog-
ical and living conditions than by the con-
sanguinity with the patient. However, the
type of leprosy in the patient did not cor-
relate with the reactivity of either test. This
result was in disagreement with the findings
of other investigators (4. 12, 13, 37, 38, 43,,) al-
though the reason is not clear.

The percentages of positive FLA-ABS and
lepromin tcsts in the villagers in the non-

endemic arca were 14.8% and 17.2%, re-
spectively. Since they had no history of con-
tact with leprosy, these positive reactions
might be induced by either infection with

leprae through the environment (30. 31)

or any species of other mycobacteria having
antigenic similarity. Tuberculosis infection
might be more frequent in these villagers
than in the household contacts, as suggested
by a different reactivity to PPD and its sig-
nificant correlation with the lepromin test.
Moreover, BCG vaccination had an accel-
erating effect on the reactivity of both the
FLA-ABS and lepromin tests. In any case,
the specificities of these tests were consid-
ered too low for diagnostic use. On the other
hand, the overdiagnosis of subclinical lep-
rosy infection is a relatively small problem
for the longitudinal observation of these in-
dividuals and for their treatment to prevent
the disease. The sensitivity of these tests is
more important than their specificity for
these purposcs. The pereentages of positive

TABLE 8. Frequency of immuzzologically classified group of household contacts in re-
spective leprosy colozzies.

Group
FLA-ABS
Lepromin
Tuberculin

I
+
+
- - +

II
+
- or
+

4"

III
+
- or ±
- or +

IV
-
- -
- -

+
+

Total

No. %

No. % No. % No. % No. %

Colony and AJ 83 15.1 8 1.5' 253 46.2 204 37.2' 548 100
leprosarium ML 125 16.4 116 15.2' 95 12.5' 426 55.9 762 100

NSc 82 10.2' 97 12.0 148 18.4' 478 59.4' 805 100
BH 13 16.5 9 11.4 5 6.3' 52 65.8 79 100
SP 28 22.8" 16 13.0 17 13.3 62 50.4 123 100
BK 14 13.3 21 20.0" 32 30.5 38 36.2" 105 100
PK 62 17.6 50 14.2 42 11.9' 199 56.4 353 100
PH 25 10.5 42 17.6" 59 24.7 113 47.3 239 100

Total 432 14.3 359 11.9 651 21.6 1572 52.2 3014 100

Level of significance < 0.01.
b Level of significance < 0.05.
NS is the leprosarium.
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FLA-ABS tests in the household contacts
showed a sufficient sensitivity and were
comparable to those of the other tests (40, 43)

although significantly lowcr than those of
the same test in a prcvious report (4). The
percentages of positive lepromin tests in the
household contacts were far lower than these
values. Therefore, this test alone is useless
for detecting subclinical infection with AI.
leprae.

A significant increase in the percentage of
positive reactions with a) increasing age un-
til adulthood and b) with the duration of
contact < 20 years, occurred earlier in the
FLA-ABS test than in the lepromin test. A
similar finding was obtained in India (13).
These results suggest an earlier induction of
a humoral immune response to M. leprae
than that of CMI after infection. A signifi-
cant correlation between the FLA-ABS test
and a neural sign or symptom such as the
enlargement of the peripheral nerve without
sensory loss was also found in a previous
study (6). The lepromin test showed no cor-
relation with the neural sign or symptom.
It is therefore conceivable that the sign or
symptom may be caused by the htimoral
immune response to AI. leprae antigen re-
leased possibly from Schwann cens. An au-
toimmune response to nerve tissue antigen
may also participate in the pathogenesis.
These hypotheses may be proved by im-
munohistopathological studies if biopsy
material can be obtained. On the other hand,
dermal signs or symptoms such as an
defmed plaque or a macule with or without
sensory loss showed a significant correlation
with both the FLA-ABS and lepromin tests.
The dermal signs or symptoms may, there-
fore, be caused by both humoral and CMI
responses, or predominantly the latter, in
response to M. leprae in the skin. This pos-
sibility was endorsed by the independence
of these tests from the other skin diseases.

Based on these considerations, the house-
bold contacts were divided into four groups
with different immunological states. Group
I is the contacts who have acquired both the
humoral and CMI responses to AI. leprae
and therefore are at low risk of developing
clinical leprosy. Group IV is those who have
not been infected yet or have been infected
with other mycobacteria or, although rarely,
are unresponsive to AI. leprae because of

undeveloped or suppressed immunity.
Groups II and III are those who have been
infected with AI. leprae without acquisition
of CMI to this pathogen and, therefore, are
at high risk of developing clinical leprosy.
In fact, two cases with leprosy were found
in these groups in Japanese contacts, and
33 out of 38 cases with leprosy belonged to
one of these two groups in Indian contacts
('°). Fourteen cases with leprosy were also
found in our present study; their exact types
of leprosy will be reported scparately. It is
therefore reasonable and rather desirable to
treat the individuais in these two groups
prophylactically. Since a killed M. leprae
vaccine was not available at the time, BCG
alone was used for the vaccination of half
of those in group III. For a chemoprophy-
lactic study, DDS was administered to half
of those in group II who were tuberculin-
positive responders. The results of these
trials will be reported and discussed in the
future.

SUMMARY
Three-thousand-fourteen leprosy house-

hold contacts in Thailand were surveyed by
their personal history, physical examina-
tion, and immunological tests. The results
were compared with those obtained from
villagers in leprosy-endemic and nonen-
demic arcas. The percentages of young peo-
ple, students, children and grandchildren of
the patient, the contacts of multibacillary
leprosy cases, long duration ofcontact, BCG
vaccination, FLA-ABS and Dharmendra's
lepromin-positive responders were signifi-
cantly higher in the household contacts than
those in the villagers. The percentages of
neural and dermal symptoms were not sig-
nificantly different between the household
contacts and the villagers in the endemic
arca, but the percentages werc higher than
those of the villagers in the nonendemic arca.
A PPD skin test was more frequently neg-
ative in the former two groups than in the
latter. Both FLA-ABS and lepromin tests
showed a significant correlation with the age
of the contacts, their occupations, blood re-
lation to the patient, the duration ofcontact,
BCG vaccination, dermal signs such as an
ill-defined plaque or macule with or without
sensory loss, but did not correlate with sex,
typc of lcprosy in the patient, or other skin
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diseases. The FLA-ABS test in the house-
hold contacts and the villagers in an endem-
ic arca showed a significant correlation with
the neural signs, such as enlargement of the
peripheral nerve without sensory loss. These
suspicious dermal and neural signs and
symptoms were therefore considered signs
of Alycobacterium leprae infection. The
FLA-ABS test was sufficiently sensitive for
detecting this infection and did not correlate
with the lepromin or PPD skin tests. FLA-
ABS-positive but lepromin-negative re-
sponders were found in 33.5% of the house-
hold contacts. They were considered to be
a high-risk group who may develop clinicai
leprosy. Nearly half of them were treated
with dapsone or BCG according to the re-
sults of the PPD skin test. Follow up ofthese
contacts, together with the remaining con-
tacts without treatment, is in progress.

RESUMEN
Se luzo un estudio de la historia personal, un examen

físico y diversas pruebas inmunológicas, en 3014 con-
tactos familiares de pacientes con lepra en Tailandia.
Los resultados se compararon con los obtenidos en
individuos habitantes de áreas endémicas y no endé-
micas. Los porcentajes de jóvenes, de estudiantcs, de
hijos y nietos de los pacientes, los contactos de casos
de lepra multibacilar, cl largo periodo de duración dei
contacto, la vacunación con BCG, y los respondedores
positivos al FLA-ABS y a la lepromina de Dharamen-
dra, fueron significativamente más altos en los con-
tactos familiares que cn la población no conviviente.
Los porcentajes de sintomas neurales y dérmicos no
fueron significativamente diferentes entre los convi-
vientes y los no convivientes del área endémica pero
fucron más altos que los encontrados cn los habitantes
del área no endémica. La reactividad dérmica ai PPD
fue más frecuentemente negativa en los primeros dos
grupos que en cl Ultimo. Tanto la prueba FLA-ABS
como la prueba de la lepromina, mostraron una sig-
nificante correlación con la edad de los contactos, sus
ocupaciones, su relación sanguínea con los pacientes,
la duración del contacto, la vacunación con BCG, y
con signos dérmicos tales como placas o máculas mal
definidas con o sin pérdida sensorial, pero no corre-
lacionaron con cl sexo, con el tipo de lepra en el pa-
ciente, o con otra enfermedad de la piei. La prueba
FLA-ABS en los contactos convivientes y en los ha-
bitantes dei área endémica mostraron una significante
correlación con signos neurales tales como engrosa-
miento de los nervios periféricos sin perdida sensorial.
Estos sigos dérmicos y neurales sospechosos fucron
considerados como signos de la infección con Miro-
bacterium leprae. La prueba FLA-ABS fue surficien-

temente sensible para detectar la infección pero no
correlacionó con las pruebas dérmicas de la lepromina
o PPD. Entre los contactos convivientes, cl 33.5% de
eitos fueron positivos para FLA-ABS pero negativos a
la lepromina. Estos individuos se consideraron un gru-
po de alto riesgo que puede desarrollar la enfermedad
clinica. Casi la mitad de ellos fueron tratados con dap-
sona o BCG de acuerdo a los resultados en la prueba
dérmica con PPD. El seguimiento de estos contactos
y de aquellos sin tratamicnto es un estudio en desa-
rrollo.

RÉSUNIE

On a étudié en Thailande 3.040 contacts domici-
liaires de lepre, en procédant à un interrogatoire
conccrnant leur antécédents personnels, accompagné
d'un examen physique et d'épreuves immunologiques.
Les résultats ont été compares avec ceux obtenus chez
dcs villageois tant dans des régions endémiques pour
la lèpre, que dans des régions non-endémiques. Par
rapport aux villageois, les contacts domiciliaires,
comprenaient une proportion plus élevée de personnes
jeunes, d'étudiants, d'enfants et de petits-enfants de
maladcs, de contacts de cas multibacillaires, et de cas
de longue durée. La proportion des personnes vacci-
nées par le BCG et de réponses positives aux épreuves
d'anticorps fluorescents (FLA-ABS) et à la lépromine
de Dharmendra était également significativement plus
élevée chez les contacts que chez les villageois. La pro-
portion de symptômes nerveux ou dermiques ne pré-
sentait pas de différence significative entre les contacts
domiciliaires et villageois des zones endémiques, mais
les pourcentages étaient cependant plus élevés que ceux
des villageois habitant les régions non-endémiques.
L'épreuve cutanée au PPD était plus fréquemment né-
gative dans les deux groupes précédents que dans le
dernier. Les épreuvcs à la lépromine de mêmes que
celles au FLA-A13S, ont démontré une corrélation sig-
nificative avec l'âge des contacts, leur occupation, leur
relation de consanguinité avec le malade, la durée des
contacts, la vaccination au BCG, les signes dermato-
logiques mal définis tels que plaques et macules avec
ou sans perte de la sensibilité; il n'y avait cependant
pas de corrélation avec le sexe, le type de lepre ou la
présence d'autres maladies cutanées. Les épreuves FLA-
ABS chez les contacts domiciliaires de villageois ont
montré une corrélation significative avec les signes
neurologiques, comme les épaississements des nerfs
périphériques sans perte de la sensibilité. Ces symp-
tômes dermatologiques et neurologiques suspects ont
été dès lors considérés comme des manifestations d'une
infection par Mycobacteriuni leprae. L'épreuve FLA-
ABS était suffisamment sensible pour déceler cette in-
fection; elle ne présentait toutefois pas de corrélation
avec les épreuves cutanées à la lépromine ou au
Chez 33,5% des contacts domiciliaires, on a observé
une réponse négative à la lépromine. Ceux-ci ont dès
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lors été considérés comme un groupe à haut risque,
susceptible de développer une lepre clinique. Environ
la moitié d'entre eux ont soit été traités par la dapsone,
ou bien ont reçu du IICG, selon les résultats de l'épreuve
cutanée au PPD. On continue le suivi de ces contacts,
de mame que celui des témoins laissés sans traitment.
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