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DIXL\ s JouRNAi. 3,173-182 (1960)

Imin unological Relationship between Leprosy and
Murine Leprosy

I. Antigenicity of Leprosy Bacillus and Murine
Leprosy Bacillus in the Skin Reaction in Guinea Pigs

SHINJI NISHiMURA. KENJI 1<0sAKA AND TADAO YAsuKAWA

DEI, or1, ,1,711 of Lepror),, Resentc/I lit, 1:1:11e for Microbih! Direnrer, Qink"
Uni, 873ity, and D e#"71m, ,It of DC1'mat0!o9', Ore!:" Un, '"errit, ,

Medical School. Osaka

Studies were conducted on the 11nmtinological relationship between leprosy and niuiiii. .
leprosy. This I)Tobicm is inIPOrtant in appraising results of experiments using the in urine
leprosy bacillus

Guinea 131gs were sensitized with leprosy I, acillus, in urine leprosy bacillus anti BCG. and
the I, CDromin. Murine Lei, Tomii, and Tuber cullit reactions examined Cross 11nmunizaiioii

was 10nnd to occur showing the presence of an InIruunologica1 11Tterrelationship betwcei, thusu
Ihr. . Iy!i's. T'Ile innrine leprosy sensitized ;tnd BCG sensitized animals gave the stronrrcsi
reaction towards Ih, horno}ogous antigen, antl lentomin ga\, c values closer to Ihc inurint.
ICproinin thai. to inner culln

(R, cei, ed for pubticntion, 124"e 16,1960)

IN'I'RODUCTION

Thc pionlcin of whethcr immunity towards Iepiosy is .aincd by inoculation
or BCG has become important in relation to thc prcvention or ICprosy. Most ire-
vious reports deal with clinical and 11nmunolo:, ical problems an <1 theIC are re\\.
basic studies in animals.

Murinc ICpi'OSy has becn usec1 101' the most pail in model expel'linents on
immunity in animals and Mair and }lendei. son (1927) reported that BCG \\ as
ineffective 11T preventing in urine leprosy. Azulay (1954) howevei. , ICportcd the
successful prevention of the onset or marine leprosy by inoculation of BCG sub-
cutaneously o1' intraperitoneally into I'ats. Hadler and Ziti (1954), on the othei.
hand, reportecl that oral or intiamuscular administration of BCG failed to prevent
infection, and suggestcd that there \\. as ITo alteration in the antibacterial activity
of the macrophages against the in unnc leprosy bacillus in the rat.

Nishimura <0ne of the present authoi's), Kon0.1<. 0dama, Yanagisa\\'a and
Nojima (1956) have shown that intraperitoneal injection or BCG into the rat has
a greater effect than the subcutaneous injection in suppressing the onset of leprosy.
Nishimura and Kodama <1957a, 1957b) obtained similar results in the mouse, and
it \\, as shown that blockage or the reticuloendothelial system \\ith Indian ink
reduced the jinmunological action. Xishimura, OShima and Vanauisa\\, a (1958)
have shown that the immunity against in urine leprosy by BCG lasts for a con-
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siderable length of time. This production of immunity by BCG strongly suggests
an Immunological relationship between in urine leprosy and tuberculosis. Ka\\, a-
guchi (1955) Ilas conducted cross resistence studies in the mouse on the tubercle
bacillus and the in urine leprosy bacillus aiTd IOUncl that animals sensitized with
a virulent tubercle bacillus show a sirono resistence against the challenqc \\, ith a
virulent in urine leprosy bacillus. Animals sensitized witl} the in urine leprosy
I)acillus showed a weak resistence against tuberculosis infection.

There are as yet no reports on the jinmunolouical relationship between leprosy
and in urine leprosy. 11 a relation could be found bctween the two, the signifi-
can CG of experiments on In urine leprosy would be gi eater. TIT the prescnt paper,
the antigenicity of the leprosy bacillus and in unnc Iepi. OSy bacillus was studied in
animals by the skin reaction.

Rodriguez (1938) studied the Iepromin reaction in animals and reported that
there \\, as no reaction in the cat, monkey, fowl, pig or rat but a considerable
reaction \vas obtained in the rabbit, kicl and Full grown dog. Tanimura (1952)
has also reported no reaction in the rat \\, ith in urine leprosy and Convit at a!.
(1955) stated that the hamster was unsuitable for. Iepromin reaction experiments.
Recently, \'ariagisa\va and Asami (1958) ITave sensitized the eruinea I)Ig, the an I-
in al which is most suitable for allergy experiments, with human leprosy bacillus
collected by the Trypsin-digestion niethod and found that a Iepromin reaction
was induced. Asami at a/. <1959a, 1959b) have studied the skin reaction in the
guinea pig further using various antigen fractions from acid-fast bacilli. The
authors, therefore, selected the guinea pig for. use in the present experiments.

NISHIMURA, KOSAKA A\D YASUKAWA

Expel'linent"! animalr

Female albino guinea pigs, weighing 350-*Dog, bred in the Shizuoka prefecture, were
tested with an intracutaneous injection of 0.1 nil of a I : 100 solution of old tLiberctilin and
only those giving a negative response were used

Spit, 1:11zing antigen

a ) Heat-killed-!iqttid paraffin $11Jpenrions o1 lei, 70$y bacillus
Leproma, excised from patients, was heated for 10 minutes at 100'C, homogenized in

physiological saline, and collected in pure form by the Trypsin-digestion-ultracentrifugation
method. loing of tlie wet bacilli were suspended in 0.5 inI of liquid paraffin

b ) Heat-kingd-dried-!iqttid paraffin Juspcn$10nJ of IeproJy b@6:11"5
Bacilli collected as above were dried in a dessicator, ground Ihorou"hly in an agate in or-

tar and loing of the powder suspended in 0.5 inI of liquid paramn
c ) Line bacterial $14$pension$ of marrine lapro, y baci!!tt$
Fresh Ieproma, produced by subcutaneous injection of the Kiimamoto strain into rats,

was excised, finely ground in a mortar, and homogenized in Iihysiological saline. The bacteria
were co!Iected by centrifugation and loing suspended in 0.5 inI of saline

dI Heat-killed-dried-!iqttid paraffin Juspe, !, 1'0n$ of "IUTine Iepr0$7 bacillus
'Fhe above bacteria was heated for 10 minutes at 100'C, dried in a dessicator, and ground

thoroughly in an agate mortar. They were suspended in liquid paraffin at a concentration
of loing per 0.5 inI

,i BCG

BCG, serialIy maintained in Calmett mediiim (con\. animg trlycerin ok bile-potato

\IATERIALS AND A{ET}{ODS

OX
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med!tim) from the Department of Tuberculosis Research was cultivated in 2 er co t
KHgP04--Ogawa nledium for 3 weeks. A hornogenous sus ension in stern d' t'11 d t .
.*,,!runed by carefully grinding the cells in an agate mortar and a SIISpension containing I
ing/0.5 inI was prepared.

A, /Eiho(! o1 rensi!isat ion

The method used is shown in Table I

Table I. Method of Sensitization

E"P ' ' "" " ' ~~~ ~ ~~"~~ ~ ~'~ , '~I ingroup I
I ^ I ro I in' ""am am, ,,,,,, ro .,,

^^^

I , ,,.,.,,,,*,_,, re, .Ij, "id I in in "'''"'I B 10 I poroHin suspension of inurine loing/o. 5mj I ''g'inal; leprosy bacillus U cu on.

' I '' ' Suspension of BCG I loing/05ml ID 10 Unlreoled conirol :
---~^^- .---

11

6

G

H

I Heal-killed-liquid paraffin
suspension of leprosy

^ bacillus

Heal-killed-dried-liquid
paroRin suspension of

; in urine leprosy bacillus
Suspension of BCG

Unlreoled conirol

6

6

6

,91. in I'errction tintige"

a) Lepromi"
200 y/inI of Iepromin prepared at the National institute for. 1.0prosy and tested at the

National Institute of Health was diluted with 0.5 per cent henol in h siol i I I'
Suspension containing 25710.125 inI, 10710. I inI and 47/01 inI were prepared.

b ) Marring lapromin
The dried, killed bacteria collected by tlle method described above were sus ended in

0.5 per cent phenol in physiological saline and 3 concentrations (25710. I inI, 10710. I inI and
47/01 inl) Prepared by the 2.5-fold dilution method.

c) Tuberculin

Old tuberculin prepared at the National Institute of Health was diluted 100-f Id, 250-
101cl and 625-fold with 0.5 per cent phenol in physiological saline and 0.1 inI an uots d.
Intrttcttta"eous injection method

Two clay, s before the injection the hair of the back and side of the animal was all , a,

6

K

Heal-killed-dried-liquid
^ paraffin suspension of
I leprosy bacillus

Heal-killed-dried-liquid
I paraffin suspension of
I in urine leprosy bacillus

Suspension of BCG

Unlreoled conlrol

6

I loing/o. 5ml

6

6

I I Omg/0 .5ml

I loing/0.5ml

Femoral
intromuscul.

I Omg/0 . Sinl

Abdominal
s ubcuian.

I ' 0"910.5"'
loing/0 . Sinl

Femoral
inframuscul

Abdominal
subcuian



^ 76

dcpilatcd \\. ith depilating cream and the area covered with vaseline to protect the skin. 0.1
inI of each of the 3 types of antigen (0.125 inI in the case of the 25*. Iepromin), serialIy
dilutec1 2.5-fold, that is, 9 antigen solutions were injected Intracuianeously Into the hairless
area. They were injected at distances of 1.5 cm from each other. The reaction might be
affcctcd by the site of The injection so care was taken that the sanJe antigen was not
alwa}. s injected into the same site

EUul!milon of the reaction

Antigen was injected 4 weeks and 6 wceks afIer sensitization and the diameter of the in-
duration and red area measured witlT the micronTetcr 2-1- anc1 48 hours after the injection
The average for eac}I group was then calculated

NISHIMURA. KOSAKA AND YASUKAWA

RESULTS

The strongest rcaction \\. as observcd in Exps. I, H anc1 111 6 \\, eeks after
sensitization and the 24 I}OUTS reactioi\ was strongcr than the 4811ours one'

a) lulliiii, 1,111 Dry hn, 11/11J fellJi!I:,,/ giOii/

The reactions 10\\'ard the various antigcns of animals scnsitized \\, itIT the Ilcal
treated in urine ICpros*., bacillus liquid paramn emulsions ai'c shown in Table 2
In Exps. I, 11 anc1 111, the greatest reaction was observcd 2+ hours after the

bot11 4 wecks and 6 weeks artcr sensitization, \\, It I\ Ihc in urine Iepromin.In ICclioil,

There \\. as a significant difference from the Iepromin ancl tuberculin reactions.
reactioiT than tuberculin. 'The more concentrated theLcpiomiit gave a stronger

anti;:eiT the sti'origest was Ihc reaction and witlt all three antigcns the reaction
\vas stronger than 11T the untreated controls (Table 6). T'able 3 shows the reac-
tioiT aaainst the vai'IOUs antigens 11T animals sensitized with live in urine ICprosy
bacillus in Exp. I. The red area \\, as about the same size as in the group treated
witlT 1</11cd bacillus liquid paramn suspension. 'The reaction \\. as stronger \\. Ith all
thrcc antigens thail In the control group.

b) Gion/i re!1,111. :,, I rilli fiftyie!!'10/1 of killed I'llio, ^ hanll!!r ill Iiqi!!/ lidi'wini
The reaction against thc \, arious antigens are shown 11T 'Tablc 4. A reaction

in IJroportion to the conccntratioil of the antigen \\, as observed 24 hours after the
injection, both 4 and 6 \VCcks after sensitization. The avcrage reaction decreased
as the injection deci eased <25 y, 10 y and 4 y injections).

In Exp. 11, the in urine ICpromin gave thc strongest reaction, Iepromin the
next strongest and tubcrculin the \-\, eakest rcaction. In Exp. 111, the reaction was
strongest against Iepi'omin, moderately strong against in urine Iepromin and \\, eak

the con-a, ,ainst tuberculin. The strength of the reaction was in ploportioit to
centralion of antigen. The weak reaction in the case of tubei'culln was signifi-
cantly areater than that of the control. it is understandable that the reactioil in
the leprosy bacillus sensitized animal is strongest against Iepromin but in Exp.
11, 11Te reaction against Ihc inurinc ICpromii, is stronger than that against Iepro-
min. The cause for' this is not clear but in 11Te leprosy bacillus sensitized animal,
the reactions against Iepromiil and ITiurine IepromiiT are quite similar \\, hile the
reaction against tuberculin is weak. The reaction is weak 48 Ilours after the in-
Iectioil in all cascs.
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178 NISHl\, IURA, KOSAKA AND YASUKA\\, A

Table 3. Skin Reaction of Murine Leprosy Bacillus Sensitized

Guinea Pigs to Live Bacteria Suspension jinm)
IAfter 6 Weeksj

Experiment

Concentration

,. ,i antigen_ ~
Dilution of

Tuberculin
Antigen ---,- -

Lepromin

Time one'

in Ie clion

Murine Iepromin

I G, ."p A <10 .. jin. 10

257 107 47

x 100 X 250 X 625

24 hrs

c) BCG fellJitic, d groin

As can be seen in Table 5, the tuberculin reaction was the strongcst 24 hours
after the injection in Exps. I, H and 111. and there was a marked difference
compared to the other antigens. The valuc however, is smaller than that or the
reaction in the in urine leprosy sensitized animal. The I. eaction against Iepromin
and in urine Iepromin is much \\, eaker than the tuberculin reaction but the reac-
tion against inurine Iepromin is greatcr than against Iepromin. The reaction was
again in proportion to the concentration of antigen.

d) Unfitdled foil/101J

As can be seen in Table 6, the I. eaction against the various antigens is \\'eak-
or in Exp. I thaiT in Exps. U and 111. The fact that there was little difference
in reaction bet weeil the various antigens or \vith various concentrations of antigen
is note worthy. it \\, as also round that the rcddenin, , had almost disappcared 48
hours after the injection.

Tuberculin

48 hrs

24 hrs

I' 5.3
i"j'<0 .91 )

37

(101)

10.7

(059)

6.8

(071)

5.4

(081)

3.6

(043)

Dojo. t Mean

ticd= ) : 510ndord Deviation of Sample

48 hrs

24 hrs

4.8

(074)
3.4

(078)

9.2

(084)
6.1

(037)
4.9

(030)
2.9

(104)
48 hrs

4.2

(076)
2.9

(094)

7.9

(080)
50

(044)

2.7

(051)
2.8

(040)

DISCUSSION

F1'0m the results in Exps. I. 11 and 111, it cal} I)c seen that the inurine Iep-
rosy bacillus sensitized animals dive the strongest reaction to in urine Iepromin
and BCG sensitized animals react most strongly to tuberculin. The reaction in
the leprosy IJacillus sensitized animals was weak compared to the other t\^o
groups but greater than the reaction in the controls, antl the reaction \\, as sti. origer
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Experimeni I

Table 6. Skin Reaction in the Untreated Control Guinea Pigs jinmj

16 Weeks offer Sensitization, 24 Hours offer injection)

. ,\ Concentralion

^I^91
* Dilution of

Tuberculin
An jigen

Lepromin

I Group D
<10 animals)

257

Murine Iepromin

x 100

2.7 2.3 2.3 3.5 30 2.5

_ ____ <0 .61 )__Co . 61 ) <0 .52) <0.77) Co . 32) <0.32)

101

'I' 2.8 2.4 23 ^ 4.3 3.4 3.0

TKO. 18) <0.86) <0.33);<0.24) <0.37) <0.32)

3.5 3.3 2.7 I 4.3 3.9 3.6

x 250

against Iepromiil and in urine Iepromin than against tuberculin. Examination of
the interrelationship betwecn the antigens shows that the leprosy bacillus senbi-
Iized animals give a stronger reactioi} against in urine Iepromin than against
tuberculin, the in urine leprosy bacillus sensitized animals give a somewhat strong-
er reaction against Iepromin than against tuberculin and the BCG sensitized
animals give a similar reactioiT against both Iepromin and in urine Iepromin. These
findings suggest that there is a common antigenic factor in the leprosy bacillus,
marine leprosy bacillus and BCG and that the relation between the leprosy
bacillus and inurine leprosy bacillus is closer than their relation witl} BCG. Sta-
tistically the to. o5 values for 4.8 and 18 degrees OF freedom are 3.2-8.97,4-. 8-9.7
and 6.8-15 respectively.

According to Asami at a1. <1959a, 1959b), who analyzed the antigens of van.
ous acid-fast bacilli, the marine leprosy bacillus reacts well with Johne's bacillus
and avian and bovine types of tubercle bacillus. Hadler and Ziti (1953) inoculated
leprosy and in urine leprosy bacilli, collected with chloroform (Dharmendra's me-
thod), Intraperitoneally into the guinea 1.1g and examined the tuberculin reaction.
The results were compared to those obtained in a BCG inoculated group. it was
found that a hypersensitivity to tuberculin was induced in the in urine leprosy,
bacillus sensitized and leprosy bacillus sensitized aninTal. The reaction in the
in urine leprosy bacillus sensitized an 11tIal was greater and close to the results seen
in the BCG inoculated animal. It is interesting that Hadler at al. obtained results
similar to ours even though the animals were sensitized with bacilli isolated by
Dharmendra's method, a method by which a large part of the lipid of the bac-
tenal cell is lost.

Finally, it should be noted that the relatively low hypersensitivity
these experiments could be increased by using Freund's incomplete adjuvant in-
stead of a single dose of liquid paraffin.

47 ! 257

<0.56) <0.90) <0.96)'<0.50) <0.58) (048)

11 Group H
<5 animals)

X625 XiOO X250 x625

Data: I Mean
t'I' <r= ) . 510ndord Deviaiion of Sample
48 after injection: There was no reaction

107 47

111 Group L
<3 animals>

257

XiOO x250 x625

4.3 3.7 3.3

(077) (102) (064)

5.7 4.7 4.0

107'

(096) (114) (0)

5.3 5.3 4.0

(071) (071) (077)

seen in
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