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The objective of thi s stud y was to deter­
mine the effecti veness of leprosy bacilli ha r­
vested from lepromas of infected a rmadillos 
when used as the a ntige n in the human lep­
romin test. This was d one by compa ring the 
delayed hyperse nsitivity s kin reac t io ns to 
two types of lepro min; tha t prepa red from 
leprosy bac ill i from lepromas of human lep­
rosy pa ti ent s a nd leprosy bac illi from lep­
romas of a rm a dill os infec ted with huma n 
leprosy bacilli . 

Since 1919 when Kensuke M itsuda devel­
oped the prototype of lepromin as it is usu­
a lly made, there has been no stand ardiza ti on 
of lepromin because of the d iffi culty in o b­
ta in ing s uffi cie nt quanti t ies of the leprosy 
bacilli (2). However, with the deve lopment 
of the nine-banded a rmadillo as the fi rst nat­
ura l anima l model to deve lop disseminated 
leprosy fo llowing injection with Mycobacte­
rium /eprae isola ted from human tissues (3) , 
a source o f suffi cient bac illi in la rge quan­
tities is now avai la ble fo r th is standa rdized 
le pro min . A to ta l of 1,255 gm o f le pro m as 
which conta ined a n estima ted 20 gm of lep­
rosy bac ill i was obta ined fro m the first 13 
infected a rmadillos a nd is indica tive of the 
la rge qua ntities now ava ila ble. It beco mes 
necessa ry then to d em o nstr a te th a t these 
bac illi can be effecti vely used in the lepro­
min test fo r huma ns and to establi sh some 
base line fi ndings of the type of skin reaction 
to ex pect. A co mpa rat ive s tud y of the reac­
tions to human a nd a rm a dillo lepromin in 
leprosy pat ients has been d one by Meyers 
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et a/4 in Za ire and the findings as presented 
in Sao Pa ul o , Braz il , Se pt e mbe r 1974 a re 
simila r to the res ults of th is study ( I ). 

MATERIALS AND METHODS 

Preparation of lepromin. A d ouble-blind 
study was used so that neither the investiga­
to rs nor the people being tested were aware 
of which type of lepromin was being used. 
Two via ls, each conta ining 30 cc of lepromin, 
were prepa red at the Na tiona l Institute of 
Dermatology in Caraca s, Venezuela. The 
via ls were coded " A" and "B" and the key 
to the code was unknown to the investiga­
to rs. At the termination of the project, it was 
revealed that " A" conta ined a bacteria l co n­
tent of 160 x 106 baci lli per ml obta ined from 
infected a rmadillos and via l " B" conta ined 
160 x 106 ba cilli per ml o bt a ined from hu­
man lepromas. The human le pro min was 
prepa red from cutaneous materia l obtained 
from Venezuela n cases of untreated lepro­
ma tous leprosy. The a rmadillo lepromin an­
tigen was obta ined from an a rmadillo (Dasy­
pus no vem cinctus) which is identified as 
Number 5 a nd is from Gulf South Research 
I nstitute, New I beria, Louisia na. This arma­
dillo 30 months befo re had been inoculated 
with ma ter ia l from a hum a n lepromatous 
case from Parama ribo, Surinam. Neither of 
these antigens conta ined preservatives . 

Patient population. On e hundred a nd 
twelve patients of the Ma ha ica Hospital , the 
gove rnment hospita l fo r leprosy pa tients of 
Guyana, South America vo lunteered to pa r­
ticipate in t he s tud y. As ba se d on the pre­
viously recorded c l i n ica I hi sto ries , the pa­
tient popula tion consisted of 5 borderline, I 
ind e te rmin a te, 67 lepromatous, and 39 tu­
berculo id cases. The patients ranged in ages 
from 19 to 99 yea rs. The distribution by age, 
sex a nd race is indica ted in Ta bles I and 2. 
The Morphologic a nd Bacteriologic Indices 
of the pa tients a re recorded in Table 3 a nd 
the dura tion of thei r di sease in Ta ble 4. 

4 T his issue IJ L. 43 : 2 18-225 . 
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TABLE I . Age, sex and race dislrihwion o/ Iepros.l' palienls. 

Sex Race 

T ype F M A I E 0 M Total 

B 2 3 2 I 2 5 
T 15 24 19 16 2 - 2 39 
L 22 45 41 20 2 2 2 67 
I I - - - - I I 

To tal 40 72 62 37 4 2 7 11 2 

Key: A = African . I = East Indian . E = European . 0 = Oriental. M = Mi xed . 

TABLE 2. Age of patient populalion 01 time of lepromin testing. 

Type Race 

Age B T L I A I E 0 M Total 
(yea rs) 

less than 30 I I 5 - 3 4 7 
31-39 I 4 7 - 5 5 2 12 
40-49 - 8 12 - 7 9 3 I 20 
50-59 2 8 16 15 8 I I I 26 
60-69 - II 15 - 18 7 I 26 
70-79 I 5 9 I 9 4 I 2 16 
>79 - 2 3 5 5 

Total 5 39 67 I 62 37 4 2 7 112 

Key: A = African. I = East Indian . E = European. 0 = Oriental. M = Mixed . 

TABLE 3. Bacteriologic and Morphologic Indices of patient population. 

BI MI 

Type Positive Negative Positive Negative 

B I 4 - 5 
T I 38 - 39 
L 30 37 5 62 
1 - I - I 

Total 32 80 5 107 

TABLE 4. Duration of disease before time of testing. 

Years B T L I Total 

< I - - - - -

1-5 I 6 7 
6-10 2 3 5 10 
11-20 I 9 12 22 
>2 1 I 27 44 I 73 

Total 5 39 67 I 112 
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Method used. Us ing a tuberculin sy ringc 
of I ml ca paci ty, 0. 1 ml o f lep ro min "A" was 
introduced intra derma lly int o the vo la r sur­
face o f the ri g ht fo rea rm , a nd a t the sa me 
sitting, 0. 1 ml o f lepro min " B" was likew ise 
injected intra derma ll y into the vo lar surface 
of the left fo rea rm o f the same pa tient. A 
sepa ra te sy rin ge a nd needle was used fo r 
each inj ec ti o n . The intr o du cti o n of both 
types o f lepro min into the sa me pa tient a uto­
mati ca ll y e lim ina t ed a ny va ri a bl es which 
could o th e rw ise in va lid a te the stud y. A ll 
co ntrols were essentia lly bio logica ll y inher­
ent within each pa tient. Fort y-e ight ho urs 
after injecti o n the Ferna ndez reacti o n was 
read fo r each a rm , a nd the Mitsud a reacti o n 
was rea d 21 to 28 d ays la t er. Photogra phs 
we re ta ken of the pos itive reacti o ns a nd bi­
o psies o bta ined fro m the intraderma I site o f 
reacti o n o f bo th lepro min "A" a nd lepro min 
" B" in five pa ti ent s. T hese seven millimeter 
punch bio psies we re read by D r. C. H. Bin­
ford, A rmed Forces Institut e o f Pa th o logy, 
Was hingto n, D .C. 

T he criteria fo r dete rm ini ng pos itivity of 
the lepro min reactio n was based o n th a t of 
th e WHO Re p o r t of Ex p e rt Co mmitt ee 
meeting in Ri o d e J a nei r o, 1953, a nd is as 
fo llows: 

Nega t ive (- ) lac k o f ev ident response o r 
s li g ht indura ti o n, with o ut 
d e finit e a ppea ra nce o f ac­
ti vity a nd less tha n 3 mm in 
di a mete r. 

D oubt ful (±) indura ti o n measuring 3 to 4 
mm in di a mete r. 

Positive (+) reactio ns w ith indura ti o n 
g rea ter tha n 4 mm a nd less 
tha n 7 mm in di a meter. 

(2+) reactio ns with indura ti o n 
grea te r tha n 7 mm a nd less 
tha n 10 mm in dia mete r. 

(3+) reactio ns with ul ce ra tio n, o r 
those with di a meters grea t­
er tha n 10 mm but witho ut 
ul ce ra tio n. 

All readings of both the Fe rn a nd ez a nd 
M it s ud a reactio ns we re d o ne by th e sa m e 
in vestiga to r. 

RESU LTS 

A ft e r decod ing we d es ig na t ed lepromin 
"A" fro m a rmadillo lepro min as A a nd lep­
ro min " B" from huma n as lepro min H. Ta ble 
5 summa ri zes the Mitsuda a nd Ferna nd ez 
reacti o ns fo r the to ta l stud y po pula tio n a nd 
d e m o ns t ra t"es tha t th e a rm a dill o a nti ge n 

TABLE 5. Reactions- total population. 

M it suda Fe rna ndez 

Right arm Left a rm Right arm Left a rm 
Reac tio n (armad illo) (huma n) (armad illo) (hu man) 

( ) Negative 34 (30 .5o/r ) 39 (34 .S%) 5 1 (45.5%) 72 (64.2%) 
(±) 3-4 mm 5 (44o/r ) 10 (S.9o/c ) 43 (3S.3%) 27 (24. 1%) 
1+ >4 and < 7 9 (S.O Cf[) 12 ( 10.79U 13 ( 11.6%) 5 (4.4%) 
2+ >7 and < 10 42 (37.5 Cf() 3 1 (27.6%) I (0.8%) I (0.8%) 
3+ > 10 or wi th ulcerations 22 ( 19.6 t;() 20 ( 17.8CfC) 4 (3.5 o/c ) 7 (6 . 2o/c ) 

To ta l 11 2 11 2 11 2 11 2 

TAHLE 6. Reactions in lepromatous cases. 

Mitsuda Fcrna ndez 

Righ t a rm Left a rm Rig ht arm Left a rm 
Reaction (armadi ll o) (huma n) (armad illo) (huma n) 

( ) Negativc 3 1 32 n 45 
(±) Doubtfu l (3-4 mm) .I 9 2S IS 
1+ >4 and < 7 4 5 3 
2+ > 7 and < 10 16 12 7 
3+ > 10 or wi th ulcer 13 9 I 

Total 67 67 67 67 
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gives a positive as we ll as a negative reac­
tion in the early Fernandez reading as we ll 
as in the delayed Mitsuda reac ti o n. There 
was o nly a 4.8% difference in the negat ive 
reacti on (Mitsuda test) as a tota l of 34 pa­
tients (30.3%) reacted negatively to the ar­
madillo lepromin as compared to 39 pat ients 
(34.8%) negative reactions to the human lep­
romin . The po si ti ve reaction showed only 
slight va ria nce for each degree of positivity: 
doubtful reaction (±), 5 pat ients; (I +) 3 pa­
tients; (2 +) II patients; (3 +) 2 patients. 

The reductio n of delayed hypersensit ivi ty 
type of immunity known to exist in patients 
with lepromatous leprosy a nd formerly dem­
onstrated by a negat ive Mit s ud a reaction 
using human bacilli, is compara bly demon­
strated by using armadillo bacilli as seen in 
Table 6; 32 lepromatous cases reacted com­
pletely negative to human lepromin, i. e., a b­
solutely no induration prese nt, as compared 
to 31 cases which reacted completely nega­
tive to a rmadillo lepromin. In no cases of 
negative or po siti ve reaction did the arma­
dillo lepromin cause a different reaction than 
that seen using the human lepromin. 

Ta ble 7 illustrates the delayed hypersensi­
tivity response known to exist in the Mitsuda 

FIG. I. Mitsuda reaction to ar madillo antigen 
(right a rm- left side of picture) and human lep­
rom in in a 63-year-o ld tub erc uloid leprosy pa­
tient. Note the induration and ulceration on both 
a rms. Armadillo lepromin response: induration 
22 mm, ulceration 8 mm. Human lepromin re­
sponse: indurati on 20 mm, ulceration 7 mm . 

TABLE 7. Reactions in tuberculoid cases. 

Mitsuda Fernandez 

Right arm Left arm Right arm. Left arm 
Reacti on (a rmadi ll o) (human) (armadillo) (human) 

( ) Nega tive I 4 17 25 
(±) Doubtful (3-4 mm) I I 12 7 
1+ > 4and <7 3 3 6 I 
2+ >7 and < 10 8 10 - I 
3+ > 10 or with ulceration 26 21 4 5 

Total 39 39 39 39 

TABLE 8. Reactions in borderline cases. 

Mitsuda Fernandez 

Right a rm Left arm Right arm Left arm 
Reacti on (armadillo) (human) (armadi ll o) (human) 

( ) Negative 2 3 I 2 
(±) Doubtful (3-4 mm) I - 3 2 
1+ > 4 and <7 - - -
2+ > 7and < 10 - - I 
3+ > 10 or with ulceration 2 2 I -

Total 5 5 5 5 
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TABLE 9. Reactions in indeterminate cases . 

Mitsuda Fernandez 

Right a rm Left arm Right arm Left arm 
Reacti on (armadillo) (human) (armadillo) (human) 

( - ) Negative - - I -

(±) Doubtful (3-4 mm) I - - -

1+ >4 and <7 - I - I 
2+ >7 and < 10 - - - -

3+ > 10 or with ulceration - - - -

Total I I I I 

TABLE 10. Burning reaction at site of injection. 

Lepromatous Borderline Tuberculoid Indeterminate 

armadillo human armadillo huma n armadillo human armadillo human 

Fernandez Rx 
0 Yes II 7 0 

( 16.4%) ( 10.4%) 

I No 56 60 5 
(83.5%) (89.5%) (100%) 

Mitsuda Rx 
0 Yes I I 0 

( 1.4%) ( 1.4%) 

I No 66 66 5 
(98.5%) (98 .5%) ( 100%) 

reaction in the tuberculoid cases. Figure 1 
demonstrates the Mitsuda reaction to both 
the armadillo and the human lepromin. The 
negative response to the human lepromin in 
four patients and one doubtful reaction in 
another patient remained constant to both 
the armadillo and the human lepromin. The 
positive reactions in the remaining tubercu­
loid cases showed marked consistency, as 
five patients showed a (1 +) response to both 
types of lepromin; only two patients differed 
in a (2+) response and five patients differed 
in the (3+) response. 

The reactions of the five borderline cases 
and the one indeterminate case are illus­
trated in Tables 8 and 9, respectively. 

Sixteen percent of lepromatous patients 
reported a burning sensation at the site of 
injection of the armadillo lepromin as com­
pared to [0% of lepromatous patients expe­
riencing the same reaction to the human lep­
romin (Table 10). Seventeen percent of 
tuberculoid patients had a similar reaction 
to the armadillo lepromin as compared to 
20% of tuberculoid patients having a burning 
reaction to the human lepromin. This burn-

0 7 8 0 0 
(17 .9%) (20.5%) 

5 32 31 I I 
(100%) (82.0%) (79.4%) ( 100%) ( 100%) 

0 0 0 0 0 

5 39 39 I I 
( 100%) (100%) (100%) (100%) (100%) 

ing reaction was noted only at the time of 
the Fernandez reading, whereas only one 
patient of the total [12 patients complained 
of the reaction at the time of the Mitsuda 
reading. The borderline and indeterminate 
cases did not experience a burning sensation. 

As illustrated in Table 11 , 43% of lepro­
matous patients showed absolutely no differ­
ence in the measurement of the induration 
reaction to the armadillo and the human lep­
romin, whereas 49% showed a larger indura­
tion in the Mitsuda reaction to the armadillo 
antigen. Six cases (8%) had a 6 mm smaller 
Mitsuda reaction to the armadillo lepromin. 

Of the tuberculin cases (Table II) six 
cases (15%) had no difference in the meas­
urement of the induration reaction to the 
armadillo and human Mitsuda tests; 23 pa­
tients (58%) had a larger induration response 
to the armadillo lepromin, whereas 10 cases 
(27%) had a smaller induration reaction to 
the armadillo lepromin. 

In summary, 36 cases (32.3%) of the total 
I [2 cases demonstrated no difference in the 
induration stimulated by the armadillo anti­
gen and the human antigen. Fifty-nine cases 
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TABLE II . Differences in induration measurements- armadillo vs human lepromin. 

M itsuda Reaction 

No. cases 

Lepromatous cases 
28 
7 
8 
5 
6 
6 
I 

6 

Tuberculoid cases 
6 
2 
6 
3 
2 
6 
I 
3 

I 
3 
4 
2 

Borderline cases 
2 
2 
I 

1 ndeterminate cases 
I 

Diameter of induration 
in armadi llo reaction 

no difference 
I mm larger 
2 " 
3 " 
4 " 
5 
8 " 

6 " smaller 

no difference 
I mm larger 
2 " 
3 " 
4 " 
5 " 
6 " 
8 

I " smaller 
2 " 
3 " 
4 " 

no difference 
2 mm larger 
5 

0. 1 mm sma ller 

(52.7%) showed a larger induration from the 
armadillo antigen, whereas 17 cases (15%) 
showed a smaller reaction . 

Biopsy results. The biopsy specimens were 
evaluated using hematoxylin-eosin and Fite­
Faraco stained sections. The histologic ex­
amination of the positive lepromin reaction 
to armadillo antigen revealed intensive infil­
tration by lymphocytes and histiocytes with 
epithelioid cells and giant cells . No bacilli 
were observed (Fig. 2). The reaction on the 
other arm of the same patient , where human 
lepromin had been given intradermally was 

No. cases 

19 
II 
II 
5 
3 
I 
I 

6 
5 
I 
3 
I 

13 
5 
7 
4 
I 
I 
I 

I 
I 
I 
2 
I 
I 

I 
2 
I 
I 

Fernandez Reaction 

Diameter of induration 
in armadillo reaction 

no difference 
I mm larger 
2 " 
3 " 
4 " 
5 " 
6 " 

I " sma ller 
2 " 
3 " 
4 " 

14 " 

no difference 
I mm larger 
2 " 
3 " 
4 " 
5 " 
6 " 

I " smaller 
2 " 
3 " 
8 " 

14 " 
30 " 

no difference 
I mm larger 
3 " 
8 " 

18 mm smaller 

similar. The biopsy readings of three other 
positive lepromin readings showed cytolog­
ically similar reactions but in each instance 
the armadillo antigen stimulated a more se­
vere reaction (Fig. 3) . In each case, no bacilli 
were observed . 

The histologic appearance of the negative 
lepromin reaction was marked by foamy his­
tiocytes and, in several fields, well defined 
bacilli in phagocytes. The appearance of the 
biopsy specimens from the armadillo and the 
human lepromin tests were similar. 
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FIG . 2. M itsuda reaction to human antigen in 
a 42-year-old European male tuberculoid patient. 
Observe the lymphocytic and hi st iocytic infiltra­
tion a nd the gia nt ce ll reaction . H& E stai n, X160. 
AFIP Photo No . 75-764. 

F IG. 3. M itsuda reaction to armad ill o a ntige n in 
same patient as Fig ure 2. No te the increased 
severity of lymph ocytic a nd histiocytic reaction 
and the area of nec ros is. H& E stain , X160. AFIP 
Photo No. 75-763. 

DISCUSSION 

The over-alI results of this study indicate 
that in each patient tested the lepromin pre­
pared from the les ions of infected armadillos 
stimulate a delayed hypersensitivity reaction 
similar to that initiated by lepromin pre­
pared from the lesions of infected patients. 
Only three tuberculoid and two lepromatous 
patients responded to the one type of antigen 
and not to the other type. The probability of 
technical error must be considered when one 
evaluates this difference. 

As previously indicated, in 32.3% of pa­
tients tested there was no difference in the 

size of the induration reaction but in 52.7% 
there was a larger reaction to the armad illo 
lepromin . T hi s would lead o ne to a ntic ipa te 
a large induration resulting from the arma­
dill o lepromin if it beco mes commercially 
available. However, it must be remembered 
that 15% of the cases actually had a smaller 
reaction to the armadillo lepromin. 

The armadillo lepromin was consistent in 
producing a pos itive Mitsuda reaction in tu­

berculo id cases exce pt in two pa ti e nt s as 
co mpa red to five tubercul o id pati e nt s in 
whom the human lepromin produced a neg­
a ti ve Mitsuda . The classification of these 
pa ti e nt s was ba sed on the prev iou sly re­
corded hi storie s and clinical typing of the 
pati e nt s, and not on the judgment of the 
investigato rs. 

SUMMARY 

The Mitsuda and Fernandez reactions to 
bacilli prepared from lesions of human pa­
tients and bacilli from infec ted armadillos 
were studied in 112 leprosy patients. 

It was observed that there is no substan­
tia l difference when armadillo lepromin is 
used instead of hu.man lepromin except that 
a larger induration occurs with the use of the 
armadillo lepromin in a majority of cases. 
The number of those reporting a burning 
sensation at the armadillo lepromin injection 
site was slightly higher in lepromatous pa­
tients; whereas the burning sensation was 
observed at the human lepromin injection 
site by the tuberculoid cases. 

With the significant information compiled 
in thi s study, it is concluded that lepromin 
prepared from bacilIi obtained from infected 
armadillos is as effective as that prepared 
from bacilli obtained from the lesions of lep­
rosy patients. 

RESUMEN 

Se estudia ro n las reacciones de M it sud a y de 
Fernandez a bac il os prepa rados de lesio nes de 
pacie ntes huma nos y bac il os o btenid os de arma­
dillos infectados, en 112 pacie ntes con lepra. 

Se observo que no ha bla diferencias impor­
ta ntes cuando se utiliza ba lepro mina de a rmadill o 
en vez de lepro mina huma na , excepto que se ob­
servaba una induracion mayo r con la lepro min a 
de armadillo en la mayorla de los casos. EI m{me­
ro de pacientes que info rma ro n sentir una se nsa­
cion de quemadura fue ligerame nte mayo r en 
el siti o de inyeccion de leprom ina d e armad ill o 
en pacientes lepromatosos: mientras que la sensa­
cion de quemadura fue o bservada en el si ti o de 
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inyeccidn de la le pro mina humana en los pa c ien­
tes tube rcu lo ides. 

Co n la info rmac id n signifi ca ti va que hemos ob­
tenid o a traves de es te es tudi o , se eo nc lu ye que 
la lepromina prepa rada co n baei los o btenidos de 
armadillos infectados es ta n efectiva com o la pre­
parada con bae ilos o btenid os de les iones de pa­
cientes con lepra . 

Chez 112 malad es de la lepre, o n a compare des 
reactions de Mit sud a et de Fernandez it des pre­
parations bacilla ires o bte nues it partir de les io ns 
humaines o u d'armadill os infec tes. 

I I n' a pas ete o b se r ve de differe nces notables 
entre des reactions o bt e nues pa r la lepromine 
d'a rm adillos et pa r la lepro mine humaine, si ce 
n'est qu'une indura ti on de plus g ra nd e dimension 
est observee it la suite de I'utilisa tion des lepro­
mines d 'armadillos dan s la maj orite des cas. Le 
nombre des malades rapportant une sensation de 
brulure it l' e ndroit d'inj ecti on d e la lepromine 
d'armadill o etait lege re m e nt plus e leve chez 
les malades lepromateux. Pa r co ntre, cette sen­
sation de brulure a e te o b se rv ee it I'e ndroit 
d'injecti o n de Icpromine humaine chez les mala­
des tuberculo·id es. L'information fort significati ve 
recueillie it la suit e de cette etude pe rmet de 
conclure que la lepromine preparee a pa rtir de 
bacilles obtenus d'a rmadillos infe c tes est aussi 
effective qu e celIe que I'on obtient en utilisant des 
bacilles recueilli s dans des lesions de lepre humaine. 
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