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I .  Bacteriology of Rat Leprosy : Electron M icrographs 
of Rat Lepromas and Cultures with  Th ree Plates 

From the lnstituto Os waldo Cruz, Rio de Janeiro 
by H .  C .  de SouzA-ARAUJO, M .D . ,  D R . P . H .  

Professor of Leprology (1 936- 1 960) 
University of Rio de Janeiro 

I n  1 936 I started work ing  wi th  t h ree strai ns of lepromas of rats, 
Crom Berl i n ,  London and Paris, obtai ned respect ive ly t h . ough 
Professor Ficker, Professor Laid law and Professor Marchoux i .  
With them J t ri ed many t i mes t o  isolate and cul t ivate the  baci l l u s  
of  Stefansky; but  fai led .  

At t h e  t ime I s tudied t he t w o  s trai ns  o f  acidfast baci l l i  obtai ned 
in the U .S .A .  from rat leprosy, being  cu l tu re N . 367 ' Rat 2'  and 
cu l t u re N . 368 ' Rat M cCoy' , of the A merican Type Cu l tu re Col lec­
tion (ATCC) iso lated about 1 9 1 0  and 1 9 1 1 2 . 

I n  1 93 1  and 1 932 Dr .  Sch uzo Asami obtai ned, i n  Japan,  two 
strains of acidfast cu l t u res from rat leprosy, which he na'med 
Mycobacterium /eprae muris cremeum and Mycob. /eprae muris 
vitellinum3,  pathogenic for laboratory an i mals .  

On 1 2th  September, 1 947, Doctor Ro land Chauss inand k i nd ly  
furnished to  me,  i n  Paris, h i s  st rai n of rat- leproma of the I ns t i tu t  
Pasteu r. With this good s tra in  I made 'S '  lepromin and ant igen for 
immunological researches and inoculated whi te rats, laboratory­
bred, obtaining from t heir lesions in 1 948 two chromogenic strains 
(yellow, type smooth 'S' of pure acidfast baci l l i )  and in  1 949 obtained 
also from experi mental lesions of black mice, American race C-57, 
two other strains  wh ich were non-chromogenic (eugonic type ' R') .  
All four  of these cu l t u res were infective for rats and mice, always 
giving  posit ive retrocul t u res. I exhibited these fou r  cu l tures to the 
Vth I nternat ional  Congress for M icrobio logy, on 1 9th  A ugust ,  1 950, 
in Petropolis, completing  my report wi th  the fol lowing notes : 

" . . . these two non-chromogenic cult ures are more patho­
genic than the chromogenic ones. Recently Dr.  Laerte Andrade 
proved, by repeated tests, t hat the strains I and I I  (chromogenic) 
t reated by auramine are fluorescent ,  and negative to the D u bos 
cytochemical test for v i ru lence, while the s trains  I I I  and I V  (non­
chromogenic) are  posit ive for both 4" .  

I sent to  Dr .  R .  Chaussinand samples of a l l  four  original strains  
of ra t  leprosy, advis ing h im t hat probably h i s  rats were i n fected with 
an association  of two Mycobacteria ,  perhaps the  chromogen ic 
being a symbiotic. I sent a lso t hese fou r  cul tures for study to  
Professor Pierre Haudu roy, D i rector  of the  I nternational Cent re of  
Type Cult u res, Lausanne, Switzerland ; Professor Giuseppe Penso, 
Director, I n st i tu to  Superiore di Sanita, Rome, I ta ly ; Professor 
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Charles M. Carpenter, Med ical. School ,  U n iversi ty of Cal iforni a ,  
Los  Angeles, Ca l i f. ,  U . S .A . ; Dr. Frederick Eberson,  Ch ief Pat ho lo­
gist ,  Veterans Admin i s t rat ion ,  M emph is ,  Tennessee, and Dr.  F .  
J ohansen,  M ed ica l - i n -Charge, Nat iona l  Leprosari um ,  of Carv i l le ,  
Louis iana,  U .S .A .  

Test ing the  bacteriostat ic act ion  of Hydrazide Schering, I mixed 
one part of a sol u t ion  of t h i s  product wi th  anot her of rat l eproma, 
and i nocu lated batches of whi te  rats and black mice, proving that 
the c lassical rat leprosy les ions were prod uced normal ly .  From such 
experi menta l  lesions 1 obtai ned , by Loewenstein and Pet roff methods  
a mixed whi te  and yel low cu l t u re, which r was ab le  to  separate by 
successive t ransplants i n  Loewenste in medi u m .  These findings J 
com mun icated to  the  V I t h  I n ternat iona l  Congress for M icrobiology, 
held in Rome, l ta ly,  in September, 1 953 ,  fin i sh ing my paper w i th  
t he fol lowing notes : 

" Yellow strain : Dubos cytochemical test for v i ru lence, negat ive 
(a l though pathogenic for murines) .  F luoroscopy : positive, I -p lus .  
Stai ned by Zieh l -Neelsen : med ian  s ize baci l l i  strongly a .a .  fast ; 
by ' Fontes' : typical bac i l l i ,  most homogeneous with pale cytoplasm 
and dark-b l ue granu les. White strain : Test of Dubos, posit ive 2-plus .  
F luoroscopy posit ive 2-p l u s, very bright fl uorescence of baci l l i  and 
granu les, showing the aspects of fresh s uspens ion of rat leproma. 
Stai ned by Z-N :  mai n ly  coccobaci l la ry fo rms, strongly a.a. fast ; by 
Fontes : al l classical forms of M ycobacter ia .  These cul t u res seem to 
be the same previous ly i so lated , many t imes, from the same source . .  " 

Conclusions 

I .  H yd razide d id  not change the morphology and stain ing  
properties of t he Stefansky's baci l l i  and d id  not  cure leprous rats 
nor delay the progress of the d i sease. 

2. H ydrazide seems to  have faci l i tated the isolat ion  and cu lt ur ing  
of t he i noculated acidfast bac i l l i  or ig inat i ng  from ra t  leprosy5 . 

Some of the e lectronmicrographs of P lates I, and 3 are s im i lar 
to  those pub l ished by Bishop, Suhrland and Carpenter6 and others.  
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] L Bacteriology of Human Leprosy 

S i nce 1 928 J have been working in the bacterio logy of leprosy. 
From 1 930 t i l l  1 940 I made i n tens ive studies wi th t he fou rteen classical 
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s t ra i n s  of ' Baci l l u s  leprae' from t he Lister I ns t i t u te of London and 
s ix  others of t he ATCC, fro m t he N at iona l  I ns t i t u t e  of H ea l th  of 
Wash i ngto n .  Dur ing th i s  decade I t r ied many t i mes to iso late and 
cu l t ivate t he baci l l us of leprosy, from vari ous k i nds of h u man 
materia l ,  and fa i led . Only in October and N ovember of 1 94 1  I 
secured two abso l u te ly iden t i cal  st rai n s  of a chromogen ic  (golden­
yel l ow) cu l t u re of a permanent  acid-alcohol -fast baci l l us ,  fro m  close 
s k i n  lesions  of a seven-years-old boy (Jose F . )  coming  from t he 
N ort h of Braz i l  ( State of P iauhy) ,  son of leprous parents  and havi ng 
an elder s is ter also a lepromatous case and anot her w i th  pu l monary 
t ubercu los i s ,  who d ied wi t h i n  one year of res idence i n  R io .  

Such cu l t u re I bapt i sed as st rai n 'J ose I ' ,  wh ich was used to 
i n fect gu i nea pigs, rats and mice, from whose les ions I recovered the 
cu l t u re .  

The origi na l  s tra in was  used i n  Apri l ,  1 943 to prepare a k i nd of  
leprol i n ( LeproH na  'Souza-Araujo ' ,  S t ra i n  J ose, 1 94 1 ) , s im i lar to  
tha t  prepared i n  Burma, i n  1 904, by  M ajor  Dr .  E.  R .  Ros t ,  u s i ng  
h is origi nal  acid-fast cu l t u re of leprosy baci l l u s .  My Jepro l i n  i s  bei ng 
employed i n  t he  t reat ment of leprosy and of some neuro logica l 
d iseases, and also i n  immunological s tud ies .  

From 1 94 1  to 1 958 [ secured about fifteen new st rai ns of acid­
fast baci l l i  from h u man and rat leprosy l esi ons ,  most of t hem 
a l ready publ ished . 

I n  th i s  art ic le [ wi l l  report on ly  the electron microscopy of a few 
bacter ia of said cu L tu res. The complete materiaL w i l l  be used i n  
another fut u re article, en t i t l ed : 'A rev iew of  30  years work i n  
bacterio logy o f  leprosy ' .  

The electron m icrographs of th i s  paper, i n  many occasions from 
fieLds selected by myself, were k i nd ly  made by Professor Dr .  M.  G .  
M alfatt i ,  Un iversity o f  B uenos Ai res, and  Drs .  H ans  M uth and 
Penna  Franca, of the I ns t i t u to Oswaldo Cruz, Rio de J anei ro,  to  
whom I am m ost gratefu l .  

Nota Bene : A ll electrolllllicrographs 0/ Professor Mal/alti were taken a t  3 ,700x 
alld enlarged as convenient .  The morphology 0/ bacilli is different according to 
solid or liquid state 0/ the culture media. 

Rio de J anei ro, 28 th  Apr i l ,  1 960, I ns t i t u to  Oswaldo Cruz .  
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PLATE I 
FIG. I .  Stef. 1 and Stef. n yel low cu l tures, 's' type, isolated from white rat 
i noculated wi th  I nst i tut  Pasteu r  strain i n  1 948 ; Stef. I I I  and Stef. IV non-chromo­
gen ic, isolated in 1 949 from b lack mice, type 'R ' .  
FIG .  2 .  A and B cu l tures i n  Loewenstein of strains I I J  and I V, type ' R ', cremeum, 
isolated from experimental I�sion i n  b lack mice . 
FIG. 3 .  (a) Yel low 'S' cu l ture isolated from white rat inocu lated with a mixture 
of suspension of rat leproma and solut ion of Hydrazide, after s ix months of 
incubat ion.  (b) White cu l ture isolated from wh ite rat lesion prod uced by the above 
mixture of Hydrazide and rat leproma. 
FIG. 4. (c) the original  yellow cu l ture from rat, 1 948, in Loewenste in .  (d) Yel low 
's' cul ture obtained from lesion of pectoral sk in  of a rhesus monkey infected 
with rat ' leproma. (f) The same above cu l ture recovered from the pel l icle 
produced in  Dubos medium : yel lowish, granu lated, mutating to eugonic ' R' type. 

( Photos: Jose Mello) 

PLATE 2. Electron M icrographs 
FIG. I .  Fresh suspension of rat leproma, I nst .  Pasteur  stra in ,  showing normal 
baci l l i  with bipolar condensations, or centra l ,  of the metachromatic granules. 
I ncreased from 3 ,700x . (Malfatt i) .  
FIG. 2.  Rat leproma suspension shaded by chromium vapour .  ( H .  M uth) .  
FIG. 3 .  Emulsion of rat leproma : bac i l l i  i n  mass circumscribed by neat gloea. 
1 9,OOOx. (Penna Franca). 
FIG. 4.  Three Stefansky bac i l l i  with their condensed metachromatic granules 
and gloea. 1 4,OOOx . (Penna Franca). 
FIG. 5 .  G roup of Stefansky baci l l i  from lesion of b lack mouse infected with 
leproma of a rhesus infected with rat leproma ; with fringed large gloea. l 8 ,OOOx. 
( Penna Franca). 

PLATE 3 
FIG. I .  Fresh suspension of rat leproma, 5 months i ncubation, showing the 
association of two mycobacteria.  Two short ones with gloea. 1 8 ,OOOx.  (Penna 
Franca). 
FIG. 2 .  A nother photo of the same suspension above confirming the association 
of two mycobacteria : one large bac i l l us with 3 nodu les in its ends and 2 bars of 
condensations and membrane. 22,OOOx. ( Penna Franca). 
FIG. 3. A nother photo of t he same suspension showing a large mas of short 
baci l l i ,  with neat gloea. 1 9,OOOx. (Penna Franca). 

. 

FIG. 4. Photo of Stef. I I  cul ture, chromogen ic, s imi lar to one of the 3 above 
made by Penna Franca. 3 ,700x. (Ma lfatt i) .  
FIG . 5 .  Suspension i n  steri l i sed dist i l led water of cu l ture stra in  Stef. I l l :  large 
baci l l i ,  some massive, some granulated. ( Malfatti) .  
FIG. 6.  Culture Stef. HI deposit  of glycerine broth cul ture, suspended i n  d ist i l led 
water : short trapus baci l l i  with gloea. 1 8,OOOx. (Penna Franca). 
FIG . 7 .  Suspension of cu l ture of tumour of black mouse infected with material 
from ski n  lesion of a rhesus infected with rat leproma. Short and large baci l l i  
w i th  condensed nodules or  bars, s imi lar to those of F ig .  6. 

N.B.-Fig. 5 is similar 10 Fig. I of Plate 2 .  

PLATE 4. Bacteriology of H uman Leprosy 
FIG. 1 .  Suspension of strain 'Chaves I ' , isolated from leprous kin .  Bac i l l i  
shaded by  a lumini um. (Malfatti) 
FIG. 2 .  Same strain 'CI ' recovered from experimental lesion produced in the 
same patient .  (Malfatt i)  
FIG. 3 .  Same strain  'Cl' recovered from M itsuda test of patient's wife (Maria D.) ,  
also a case of leprosy. (Malfatti) 
FIG. 4. Same strain 'cr recovered from experimental lesion produced i n  the 
patient 'Je�us',  a case of suspected leprosy : large granu lated and short homo­
geneous baci l l i .  (Ma lfatt i)  
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FIG .  5 .  The same stra in  above, from 'Jesus' : shaded . ( M alfatt i )  
F IG.  6. The or ig inal  strain 'Cr ' :  large bac i l l us with c lear spaces s imulat ing 
vacuoles and many condensed bars .  ( M alfatt i)  
FIG.  7 .  The same stra in  'C J '  cu l tured in glycerine-broth, a large beaut ifu l  
baci l l us  with many condensed granu les, sample recovered from 'Adel ina' ,  a 
female leprosy patient .  20,OOOx. ( Penna Franca) 
FIG. 8.  The same stra in  'cr cul ture in  Loewenstein,  sample recovered from 
' Loure iro',  a male leprosy patient. Large baci l lus  with 4 condensed bars and 
clear cytoplasma. 30,000x. (Penna Franca) 
FIG. 9 .  The same stra in  'C I '  in pure cul ture after passage in a series of three 
rhesus monkeys. 22,OOOx. ( Penna Franca) 

PLATE 5 
FIG.  I .  Stra in  ' Emi l ia'  .obtained from leprous sk in ,  bac i l l i  wi th nodu les. 
( M alfatt i )  
F IG.  2 .  The same stra in  'E'  recovered from sk in  lesion of Rhesus 'Sofia', after 
95 days incubation.  1 9 ,000x. (Penna Franca) 
FIG.  3. The same Rhesus sample with large baci l lus  wi th  six metachromatic 
condensations. 22,000x. ( Penna Franca) 
FiG. 4.  The strain ' Emi l ia '  recovered from abscess of M i tsuda test in patient 
1 6  of Pernambuco. 28,000x . ( Penna Franca) 
FIG. 5 .  Stra in  ' H ecke', non-chromogenic, in glycerine-agar : Baci l l i  with defined 
granu les and one with many smal l  scattered granu les. 2 1  ,OOOx. ( Penna Franca) 
F IG .  6.  Another aspect of the same ' H ecke' stra in  i n  5 % glycerine-broth :  
baci l l i  with condensed bars and th in  gloea. 26,000x . (Penn:! Franca) 
FIG . 7. Stra in  chromogenic from nasal m ucus of the leprosy patient ' M aria 
N ascimento', i n  Loewenstei n  medium : homogeneous bac i l l i .  (Ma l fatt i)  
FIG. 8 .  Strain chromogenic from nasal mucus of the !:;:prosy patient ' Dalva' ,  in 
Loewenste in : M ass of baci l l i  showing a neat gloea, s imi lar to material of human 
leproma : one large and another short baci l l us with condensed bars and clear 
cytoplasma. 22,OOOx. ( Penna Franca) 

PLATE 6 
FIG.  1 .  Photo of stra in  'C J ' ,  chromogenic, in Loewenstein medium,  obtai ned 
in September 1 949 from sk in  lesion (7th b iopsy) of J ose Chaves. 
FIG. 2 .  Photo of stra in  ' Maria D. ' ,  chromogenic (sub-stra in  of C I )  recovered 
from biopsy of abscess on scar of M itsuda test of left arm, in January 1 950. 
M aria D.  is the wife of Chaves, above. She was i noculated with her h usband's 
stra in 'C t ' .  
FIG.  3 .  Photo o f  strain ' H ', non-chromogen ic, i n  Loewenste in  medium, obtained 
from biopsy of sk in  lesion of patient Hecke, in September 1 949. 
FIG.  4. Photo of stra in  'E '  chromogenic, in  Loewenstein medium,  obtained 
from leproma of left k nee of patient Emil ia ,  i n  M arch 1 950. 
FIG . 5 .  Photo of stra in  'E' i n  Loewenste in  (sub-stra in  recovered from abscess 
in scar of M itsuda test in patient n . 2 1  of Pernambuco, i nocu lated with the 
original stra in  'E') .  
FIG.  6. Photomicrograph of smear of left ear leproma of patient Chaves, b iopsy 
of 24th J une, 1 949, sta ined by Z-N .  I ,OOOx .  
F IG .  7 .  Photomicrograph of smear of the  original stra in  'C I '  obtained from 
skin les ion of t he above Chaves ( Fig. 6) stained by ' Fontes' method, I ,OOOx. 
The morphology of bacil l i  of Fig. 6 and Fig. 7 is absol utely equal .  
F IG .  8 .  Photo of Rhesus t i noculated with cul ture i n  glycerin-broth of strain 
'cr ( Fig. I ) , after 14 days incubation. 
FIG, 9. Photomicrograph of section of the facial nodule of Macaca mll/atta 
above, showing characterist ic experimental leproma. 1 50x. 
FIG. 1 0. Photomicrograph of section of facia nodule of a '" Cebus /atllelllls 
monkey infected with stra in  'CI ' .  Leproma structu re with many acid-fast baci l l i .  
I ,OOOx. Stained by Z-N . 

PLATE 7 
FIG . 1 .  Culture of stra in  'Ct'  in 1 00 ml of broth with 5 % glycerine, 20 days 
incubation at 37° C. : veil and deposit yellow. Culture ready for preparation of 
Lepro l in  for immunological studies and t reatment of leprosy. 
FIG. 2 .  Cul ture of stra in  ' H ', non-chromogenic, recovered from rat, i n  100 ml 
of broth with 5 % glycerine, after 1 2  days incubation at  37° C. The 100 ml of 
t h is cu l ture gave 1 l i t re of good Leprol in .  




