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FU MIO H AYASH I 1  cont in ued the work of KENSUKE M ITSIJ DA on 
sk in tests  w i th  human lepromin  in leprosy pat ients, and reported i n  
1 93 3  t hat the react ions  prod uced by boi led and unboi led lepromins ,  
wh ich he cal led vaccines, showed no d ifference .  In  a great n umber 
of leprosy pat ients I used l i v ing  or dead 'suspens ions of baci l l i  from 
human and rat  lepromas, and confirmed t he finding of HAYASH I .  

This  year I succeeded i n  obtain i ng  the  transmiss ion of i n fect ion 
by M .  leprae to black mice of American race, and produced 
subcutaneous nod u les wi th lepromatous struct ure, or abscessed 
les ions .  Such nodu les I tr i turated and d i l uted i n  sal ine ,  and used the 
unboi led suspens ion as t he ant igen for sk i n  tests, s imi larly to my 
previous  use of boi led and unboi led suspens ions of mur ine  and 
human lepromas, and cu l tures of M. tuberculosis. 

I n  the present  experiment I used 7 volun teers, of whom 3 were 
lepromatous cases and 4 neural . On 1 st Septem ber 1 959 I inoculated 
each pat ient  w i th  0. ] 5 to  0.2 ml. i n t radermal ly of t he said suspens ion ,  
t he s i te  be ing  the antero-Iateral aspect of the left thigh .  The pat ients 
were fol lowed up  over 70 days,  biopsies were taken of t he i r  les ions 
on  one or two occas ions for s tudy of bacteriology and h istology, 
and the bacteria were a lso stud ied in  the sk i n  sera and nasal mucosa 
for comparison . 

Material and Methods and Case Notes 
One out of 8 black mice i nocu lated 3 J u l y  1 959 with suspension of human 

leproma (derived from Edgard, case 7) and showing a large subcutaneous inguinal 
nodule,  was k i l led on 26th August at 53rd day after inoculat ion.  The sal ine 
d i l u t ion of t he triturated nod ule was examined microscopical ly  and kept for 
t he inocu lations and for electron micrographs. The i nocu lations were carried _ 
out as for t he lepromin reaqion.  

Case 1. L.c. white male,  aet . 70 years, leprosy patient  s ince 1 938,  h is  disease 
having completed the "parabolic curve" of M u ir,  from A, to .8. and A2 within 
40 years . He is  now a "burnt-out" case, with bi lateral high steppage gait ( Scheu be 
s ign) and claw hands.  There were innumerable bac i l l i  and globi in smears from 
both s ides of his nasal septum. This was on 29th A ugust 1 959, after he had taken 
Promi n  intravenously for 2 years without any improvement i n  h is neural 
symptoms. O n  1 st September 1 959 he was i noculated with 0. 1 5  m l .  of the 
inoculum from the black mice. On 5th September he had fever, and pain i n  the 
site, and an erythema 1 5  x J 5 cm. i n  size. On 9th September the erythema 
reduced and nod u lation began to form i n  its centre. On 24th September a biopsy 
of the lesion was taken at the third week . On 4th October four smears were taken 
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FJG. l 
Photomicrograph of a section of the leproma of Edgard B. used to infect the black 

mice on 3rd July, 1 959.  Stained by Z. N. 700 x.  

FIG. 2 

Photomicrograph of the smear of the suspension of the nodule of the black mouse 
killed on 26th A ugust and used as illoclllum for the skin tests. Suspension unboiled. 

Stained by Z.N. 700 x .  



FIG . 3 

Photograph of the lesion of patient 2 after 66 days incubation : crater of .1 . 5 x 1 . 5 
cm. IIpon an infiltration of 3 x 4 cm. 

FIG . 4 
Photograph of the lesion of patient 5 after 66 days incubation: deep crater of 

2 x 1 cm. upon an infiltration of 4 x 4 cm. 



M ITSUDA R EACTIONS FROM H U M A N  LEPROSY BACI L LI 93 

from the lesion and from the nasa l m ucosa . On 1 7 t
·
h October there was a smal l 

sca r with a crust on a nod u le I x I crn. On 24th October the nod u l e  was sma l l  
in.size, at the 54th day a fter inocu lat ion .  O n  5th November the lesion had s u bs ided , 
On 1 4th November the nod ule  was I x 2 c m . ,  but  no exacerbation of symptoms . 
a nd a smear was taken of the nasal m ucosa . 

Case 2. A . B . A . ,  a white female; aet.  45 years, leprosy patient,  LJ type, s i nce 1 95 3 ,  
when she had a few nodu les on her legs a n d  pos i t ive nasal m ucosa. After a long 
period of standard t reat ment the skin les ions ( lepromas and macules) d isappeared 
and nerve signs started in both hands and feet .  I n  1 950 she was No and began 
with Prom in t reatment,  but t here was no improvement in the nerve signs.  On 
30th Apri l  1 95 7  she presented double c law hand, perforat ing p lantar. u l cers on 
both feet ,  and there were a few baci l l i  in  the nasa l m ucosa. On I st  September .1 959 
s he was i noculated with 0. 1 5  ml .  of the suspens ion derived from the b lack m ice . 
On 3 rd September she had fever, pain in the s i te ,  and erythema of 5 x 5 c m .  
loca l ly .  On 8 t h  September nod u l at ion i n  the s i te began.  On 1 0th a n d  1 5 th Sept· 
ember the erythema was less and the nodule I x I cm.  On 1 7th September there 
was infil trat ion of 3 x 3 cm.  On 24th September a bi opsy was taken of the lesion 
at the third wee k ,  and smears. On 1 0th October smears of the lesion were pos i t ive.  
On 24th October at  the 54th day after inocu lat ion the lesion was crateriform and 
bled eas i l y .  On 29th October the crater was 1 . 5 x 1 . 5 cm. i n  s ize, and smears 
were taken.  On 7th November the crater was s t i l l  open, and was photographed . 
There was no exacerbation of s k i n  symptoms and no lepra react ion at a l l .  

Case 3 .  R .C. R . ,  white male,  aet .  35 years. I n  1 95 7  h e  was L J · N , with lepromas 
o n  both el bows, erythematous spots on both legs, i m pai rment of sensat ion in 
arms, hands, and fee\ .  Smears from s k i n  and nose were pos i t i ve for baci l l i .  
H e  showed good improvement  after 9 0  i n t ravenous i nject ions of Prom i n .  
On 1 st September h e  was i njected with 0. 1 0  m l .  o f  black mouse i nocul u m .  O n  
3 rd September h e  had fever a n d  showed 1 0  x 1 0  c m .  l ocal erythema. On 5th 
September the erythema was regress ing and nod u lat ion had begun .  On 9th 
September there was a nod u l e  of 0 . 5  x 0 . 5  cm.  and this increased by 1 5 th Sept· 
ember.  O n  22nd September, 3 weeks  after inoculat ion,  biopsy and smears were 
taken.  On 29th September a crater had formed . On 1 st October 4 smears were 
taken of the lesion and the nasal m ucosa. On 27th October a t  57 days after 
inoculat ion,  there was a large crater with 2 cm . of detached s k i n  around it, and 
the pat ient complai ned of pai n .  On 29th October new smears were taken, at a 
t i me when the lesion was regress ing s lowly.  There was no exacerbat ion of s k i n  
lesions and no lepra react ion .  

Case 4. G . W. ,  white male ,  aet .  34 years, weight 1 26 kg.  H is father is  a case of 
L2 leprosy, and his  mother had early leprosy years ago.  On 20th Au·gust  1 959 he 
showed an erythemato us infil trat ion on left frontal region,  which was pos i t ive 
for baci l l i ,  as also the nasal m ucosa. He also had ax i l l ary and i.ngu inal  eczema 
marginatu m .  He was given Pro m i n  t reatment ,  with a good response. On 1 st 
September he was i njected with 0.2 m l .  of the b lack m ouse i nocu l u m .  On 
3rd September he had fever and pai n ,  an erythema of 10 x 10 cm., ar. d  swel l i ng 
of left inguinal  lymph glands which i m peded his wal k .  On 5th  September t here 
was less pain and the erythema had i ncreased to 20 x 20 c m . ,  w i thout a nod u le .  
On 1 0th September there was an i n fi l t rated swe l l i n g  t u r n i n g  to nod ulat ion.  
On 1 5 th to 22nd September there was a hard i n fi l t rat ion of l O x 10 cm.  On 24th 
September, the 54th day, the i n fi l t rat ion had d isappeared leavi n g  a smal l  scar 
with a s l ight secretion in i ts  centre. There was n o  exacerbation of s k i n  symptoms 
nor lepra react ion . A biopsy was taken of the experimental  les ion .  

Case 5. M . R . ,  a whi te female, aet .  66 years, who had leprosy for 30 years as  
La case. She became c l i n ical ly cured b u t  relapsed and is i ntolerant to sui  phone. 
Now she is  lo-N2 w i th widespread large e levated spots and perforat ing plantar 
u lcers in both feet ,  and skin and nose bacterial ly pos i t i ve .  On 1 st September she 
was i njected with  0.2 m! .  of t he black mouse i nocul u m .  O n  5th September she had 
fever and local pain and showed 5 x 5 cm. of erythematous i n fi ltrat ion.  On 
1 9t h  September there was an abscessed lesi o n  of 5 x 5 cm. on the thigh.  On 22nd 
September the t h i rd-week biopsy was taken, also smears . On 29th September pus 
was col lected for bacteriology. O n  6th October fou r  smears were taken.  On 
1 7th October t he lesion was better and t he i nfiltration almost gone. On 3rd 
N ovember smears were taken of s k i n  and nasal m ucosa. On 7th N ovember, at 
the 67th day, the lesion was photographed . The u lceration was 2 x 2 cm. She 
complained of pains and the skin lesions were exacerbated. 
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Case 6 .  N . A . ,  a female mu latto,  !let .  34 years, L 3  case for 9 years. On 1 st Sept ­
ember she was i njected w i t h  0 . 2 111 1 .  of the black mouse inocu l u m .  On 1 3 t h  
October s h e  compla i ned o f  fever a n d  h a d  i ncreased general p a i n s  for the last 
2 weeks, with exacerbat ion of s k i n  lesions. As she s u ffers constan t ly from lepra 
react ion it is d i fficu l t  to accept that  t he s i t uat ion is due to t he inocu l u m .  B iopsy 
was taken . Smears of biopsy at the margin of the lesion were s trongly posit ive 
for acid-fast bac i l l i  w h ich is  not  important because she is  a case of d i ffuse leprosy . 
On 1 4th  November a 2 x 2 cm.  b lack scar remai ned i n  the l es i o n .  The scar was 
opened w i t h  the galvanic need le  and compressed to obtain secret ion for c u l t u re 
and bac i l l oscopy. 

Case 7. Edgard B., w h i te male, aet . 3 7  years, who i n  1 2  years had taken about 
1 5  l i t res of s u l phones, most ly  i n t ravenous Prom i n .  After a period of good 
improvement ,  for 2 years he has suffered periodic lepra react ion . Now he is a 
L.- N ,  case, covered w i t h  p laq ues and large and sma l l  lepromas, and the nasa l 
m ucosa strongly pos i t i ve for acid-fast baci l l i  and g lobi .  About  6 months ago he 
started on 6 to 8 tablets of Ciba 1 906, wi thout  change in the pos i t iv i ty  of the 
nasal m ucosa but  with considerable change i n  the morphology of M. leprae 
from the s k i n .  On 1 st September he was i njected w i t h  0 . 2  m l .  of the black mouse 
i nocu l u m  ( t he b l ack mouse was infected on 3 rd J u ly 1 959 w i t h  the patient's  
own leproma suspension).  On 1 0th  September t here was nod u l at ion of 2 x 2 cm. 
increasing to 3 x 3 cm.  on 1 5 th September. On 29th September i n  the 4th week 
after inoc u lat ion biopsy of the lesion was taken, and the secret ion sown in c u l ture 
med ia,  and smears were taken.  On 6th  October the lesion was much bet ter, with 
a crater of I x 1 cm.  Fou r  smears were taken.  On 5th  N ovember the crater was 
red uced in s ize ; smears were taken of the secret ion of t he lesion and nasal mucosa. 
On 7th N ovember new biopsies were taken, and s k i n  emuls ion and nasal m ucosal 
secret ion inoculated in 1 5  b lack m ice. Though t h i s  patient was an Ls case h e  had 
st ronger general and sk i n  react ions with the i noculat ions.  

Bacilloscopy 

Smears taken from the les ion at  3 week s  were surpri s ingly poor 
i n  acid-fast baci l l i ,  and most ly showed free nodules .  The nasal 
mucosa was posit ive i n  only 2 out of 7 pat ients .  The scars, or 
e l iminat ing foci , were poor i n  purulent secretion and i n  phagocytised 
elements .  

Histopathology 

B iopsies of the les ions were made from a l l  7 patients ,  4 being i n  
t he 3rd week after inoculat ion ,  I i n  the 4th, J i n  the 6th, a n d  1 i n  the 
8th. The reports of Prof. C. B .  MAGARI NES TOR R ES (Chief of t he Div .  
of Anatomopathology of t he Oswaldo Cruz I nst i tute) . Reports 
Nos. 2 1 ,6 1 6  to 2 1 ,62 1 say "Moderate and d i scont in ued i nfi l tration 
by large monon uclear cel ls  and lymphocytes around t he superficia l 
plexus of t he subpapi llary' layer, and absence i n  a l l  6 specimens of 
nodules with tuberculoid structure" .  The material from one case 
(No . 6) was u nsuitabie for histological examination . 

Comments 

The dose of the inoculum was about 0 .2  ml . ,  which is the dose 
needed to infect mice of 20 g. weight. This dose was given to patients 
of an average we'ight of 60 kg. and i t  could be 3,000 times greater. 
The m ice support 0.2 mt. of fresh emuls ion of human leproma 
without ulceration of t he sk in (except i n  passage). The leprosy 
patients, whether their d i sease was active or qu iescent, suffered a 
heavy local reaction ,  with crater format ion , last ing for more than 
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2 mon ths ,  and t he fi na l  state i s  as yet un known .  Two hypotheses are 
under cons iderat ion ,  one of the great increase of vi rulence of 
M. leprae cu l t ivated i n  the bod ies of these murines, and t he other of 
t he hypersens i t i v i ty of the leprosy subjects .  It i s  not easy to obta in  
vol un teers for such experiments ,  but ] sha l l  t ry to repeat the test 
with boi led i nocu lum.  

Conclusions 

I .  M y  impress ion is t hat M. leprae mul t ip l i ed exuberant ly  i n  the 
black mice, increas ing great ly  in v i ru lence,  and t h i s  shou ld be 
tested . 

2. The l iv ing i nocu lum used caused strong local react ion i n  a l l  
7 pat ients ,  w hich react ion d iffered cl i n ica l ly  and  h i stopatho logica l l y  
from t hat of the  M i t suda sk i n  test .  

3 .  These experiments s hould be repeated with boi led ident ical 
i nocu lum to a l low of a defin i te concl us ion .  

4. The inocu lated pat ients ,  save one, d id not s how t he classical 
lepra react ion ,  but t hey wil l  be observed further. 

5 .  The les ions obtai ned i n  these 7 pat ients were comparable 
with t hose obtai ned with l iv ing cu l tures of acid-fast baci l l i  i solated 
from leprosy pat ients .  

Addendum on later work with boiled inoculum 

Fol low ing up t he 3rd conc lus ion above, I prepared boiled 
antigen from a s k i n  les ion of another  b lack mouse of the same batch, 
and gave a dose of 0 .2 ml .  by i n t radermal inject ion i n  I I  adu l t  
persons ,  being 10  leprosy pat ients and 1 contact with the following 
resul ts  :-

Case 1. L . e . ,  male aet·. 70 years ( t he same as N o .  I of the previous experiment) . 
On 24th December he was i noculated in both th ighs.  On 26th Decembe r  t here 
was an early react ion and on 3 1  st December regression . After 2nd and 3 rd weeks 
both sides react ive and pos i t ive for bac i l l i .  

Case 2. A . B.e. ,  female aet.  46 years ( the same hs No. 2 of t h e  previous experi­
ment).  On 3 rd December she was i n ocu lated with 0 . 1 5  m l .  below the previous 
crater, which was s t i l l  open.  There was a strong react ion.  By 1 4t h  January t he 
crater reduced to 2 sq.  cm.  The lesion was posi t i ve for baci l l i  and the nasal 
m ucosa negat ive .  

Case 3. E.B. ,  male  aet . 37  years (the same as N o . 7 of the p revious experiment) .  
On 5 t h  December he was inocu lated i n  h i s  left t h igh, 1 5  cm.  above the previous 
les ion,  which was sti l l  open, excret ing abaci l lary pus. On 7th December at  48 
hours t here was a strong reaction,  with  erythema and i n fi l t ration af 5 sq. cm. 
On 1 2t h  Decem ber the infiltration had reduced to 3 sq . cm . On 7th January in 
the 4th week infil tration had red uced to 2 sq.  c m .  On 1 2t h  Jant'lary t here was 
abscess format ion and pos i t ive smears for baci l l i ,  also i (1 nasal mucosa, + . 
( I n N ovember 7 was + + .) . '  

Case 4. A S . ,  male aet .  67 years. H e  was L3, now w i t h  only residual dark spot�.  
The nasal m ucosa is  negative.  Long ago he had reFleatedly negat ive M itsuda 
Tes t .  On 3 rd December he was inoculated with 0.2 ml.  i n  the left thigh. On 
5th December at 48 hours he showed infil trat ion of 3 sq. cm. and it so con t in ued 
during 3 weeks. There was no pain.  On 7 t h  January the nod ule ulcerated 
spontaneolls !y. The M itsllda Test was strongly pos i t i ve cl inica l ly .  
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Case 5. R . R . C . ,  black male,  a e l .  47 years. W a s  La for m a n y  yea rs a n d  is  n o w  N a .  
On 7th  December h e  was i nocu lated i n  h i s  left fo rearm w i t h  0 . 2  m l .  On 9 t h  
December at  48 hours i t  was negat ive, a n d  after 2 n d  week pos i t ive + + . After 
3 rd week + + + . On 7 t h  J a n uary the nod u l e  u lcerated, smears pos i t ive + , and 
nasal m ucosa nega t i ve.  

Case 6. M . N .C . ,  female aet .  25 years . She was La case,  now bacte r i a l l y  negat ive .  
On 5 t h  December was i nocu l ated w i t h  0 . 1 5  ml .  i n  left th igh.  O n  7 t h  December 
at  48 h o u rs t here was an erythema u pon a hard i n fi l t rat ion of 1 0  sq. cm . On 
3 1 st December t here was a large nodule and i ncis ion and aspi ra t i o n  were carried 
o u t .  Bac i l loscopy + + . On 7th J anuary t here was a scar of 0.5 sq. cm. On 
1 4t h  J anuary t here was s l ight  u l cerat ion of 0.5 sq . cm. 

Case 7. J . A . ,  female of 45 years . L 1 -N , case . The previous M i tsuda Test was 
s l ight  . + . On 3rd Decem ber she was i nocu lated i n  the left th i g h  w i t h  0.2 m l .  
On 5 t h  December a t  4 8  hours was negat ive.  After t he 4t h week there was eryt hema 
and i n fi l t ra t i o n .  On 5th J a n uary the nod u l e  opened . Baci l l oscopy + + . On 
1 2t h  J a n uary there was suppurat i o n .  On 1 4t h  January appeara nce of a good 
pos i t i ve M itsuda.  

Case 8. E . R . ,  whi te  fe male of 65 years.  L,  case . On 7th  December was i nocu lated 
w i t h  0 . 2  m l .  in left t h ig h .  After I week t here was erythema of 3 sq . cm. On 29t h 
December erythema was reduced . On 5 t h  J a n ua ry t he i n fi l t rat ion was reduced . 
On 1 2t h  J anuary no nodule formed . 

Case 9. H .  L . ,  w h i te male, 58 years . La case . On I I  th N ovember 1 959 t h e  M i tsuda 
test  was nega t i ve ( Prof. H.  Portuga l ) .  On 3 rd December he was i nocu l ated with 
0.2 m I . ' i n  each t h i g h .  On 5th December a t  48 hours, nega t i ve and remained so 
u p  to  1 4th J a n uary. 

Case 1 0. A . G . ,  white female,  L 2  case 2 years ago, s i nce I year becom ing a neura l 
case w i t h  great e n l a rgement of the  left cubi ta l  nerve and neura lg ia  in the r ight  
foot .  Bac i l l oscopy of the cubital  nerve + + . Nasal  m ucosa + on bot h  s ides . 
On 24t h December She was i nocu l ated wi th  0 . 2  m l .  in her left t h i g h .  On 26th 
December a t  48 hours,  negat ive, and u p  to 1 4t h  J a n uary negat ive .  
Case 1 t .  H .G . ,  w h i te m a l e  of 3 5  years, husband of above case N o .  1 0. On 24th 
December was inoculated w i t h  0 . 2  m l .  in left t h i g h .  On 26t h December at  
48 hours, doubtful pos i t ive.  On 1 4t h  Jan uary,  + . After 3 weeks  became M i tsuda 
-pos i t i ve . 

Comments 

Five out  of 1 0  leprosy cases, N2 and N3 type, gave a posIt tVe 
+ test .  Two L cases i n  frank  regression gave one + , suspicious .  
Three L2 and Ls  cases gave completely negat ive test and I ad ult  
contact of act ive leprosy gave m i ld posi t ive + test .  

Conclusion 

The boi led leprotic ant igen derived from the black mouse gave 
resu l t s  not d ifferent from the classical M i tsuda Test .  The pat ients 
wi l l  be observed further  for some t ime i n  order to a l low of definite 
assessment .  
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