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Introduction 

The morphology of M. leprae as revealed by classical optics was 
described by F.  L6hn i s  I after a review of the l i terature from 1 838 
to 1 9 1 8 , and completed i n  1 923 by A .  Paldrock2, but  electron and 
phase contrast microscopy brought considerable progress. This  paper 
is  a confirmation of that presented to the VI I nternational Congress 
of Leprology in October, 1 9533• 

Materials and Methods 

For th is  study we used serum obtained from the skin of various 
lesions of erythema nodosum leprosum ( here inafter called ENL) of 
a female patient of white race, of 44 years of age, who was clinical ly 
L2N2 type and whi le on sulphone treatment had twice a year lepra 
reactions of EN L type which were d ifficult to control . We also used 
fresh suspensions in steri le d is t i l led water of tri turated lepromas of 
human and m urine orig in ,  as also human lepromin and lepromas 
kept in 40 % glycerin in  water for a few days. For phase contrast 
m icroscopy we used two drops of fresh suspens ions of lepromas 
between common glasco sl ides covered with thin s l ides of the k ind 
used for sections .  For electron microscopy we used the same 
suspensions after they had been centrifuged twice and fil tered 
through sterile gauze : they were then placed on collodium fi lm on a 
metal l ic grid (a mesh of stainless steel wire) and dried i n  an i ncubator 
at 40° c., and then placed in the electron m icroscope, wh ich was 
RCA, type EM U-2C, 50,000 volts. The electron m icrographs were 
taken at a magnification of 4,000 to 7,800 X. 

Structure of M. leprae 

See Plates I to 4. (The electron micrographs of Plate 1 were made 
by Dr. Penna Franca, and those of Plates 2,  3 ,  and 4 by Dr. Hans 
Muth, Chief of the Physical Research Laboratory of the Instituto 
Oswaldo Cruz. The author is greatly indebted to these two colleagues) .  

PLATE I 
Three electron micrographs of a fresh suspension of leproma from a F. aet. 16 

years, before any ami-leprosy treatment was gi ven. No. 1 shows a compact mass of 
bacilli surrounded by a well-defined sheet of gloea, and two free granules. No. 2 
shows two bundles of bacilli in palisade, also surrounded by gloea. No.3 shows t wo 
bacilli, one of which is homogeneous, with a clear sheet of gloea double the usual 
size. All the bacilli were carbonized by the electron beam, and hence became opaque 
and appear as compact black masses, and the gloea became white, coagulated by 
the. electron bombardmellt. All three figures suggest the fusion of the gloea of each 
bacillus. 

Magnification 22,500 x 



Plare I Morphology oj Mycobacterium leprae. Magnijicalioll 22,500 x. 



Plate 2 
Leproma in 40% glycerin-water. Shaded. 



P/ate 3 

Stefansky 



Plate 4 

Hllmall Lepromin 

Magnification 3,900 to 4,720 x 
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PLATE 2 
Nine electron-micrographs of 4,700 to 7,800 x, of a fresh suspension of human 

leproma kept in 40% glycerin and water for ten days. After being put on collodium 
film on the stainless steel wire mesh the material was dried in incubation at 40° C. 
and shaded by jets of chromium vapour. All bacilli look damaged . The membrane 
of No. 4 appears well separated from the cytoplasm but fringed. The gloea belonging 
to Figs. 8 to II looks as If dissolved, and is irregularly spread. Figs. 5 and 9 look 
like a fusion. There are widespread granular particles (microspares ?) . 

Magnification 4,700 to 7,800 x .  

PLATE 3 
Seven electron micrographs of a suspension from an inguinal tumour of M us 

musculus niger at 16 days after inoculation with rat leprosy bacilli. The preparation 
was shaded with chromium and shows aspects of the Stefansky bacillus, 
of which the morphology (Figs. 12 to 1 8) is similar to that of the Hansen bacillus. 
All bacilli show their membranes but none their gloea. For this suspension the Nadi 
Test was negative, as triphenol tetrazolium was not reduced, pro ving that the 
bacillus is pathogenic. Fig. 19 shows a compact mass of six or more bacilli from a 
leproma from a white rat (at magnification 6,300 x).  These bacilli look black, 
unshadowed, with a surrounding white gloea as of the Hansen bacillus of Plate I .  

Magnification 6,300 x .  

PLATE 4 
Twelve electron micrographs of fresh human lepromin prepared by the Mitsuda­

Hayashi method ( 1933), showing pleomorphic elements, most of them disintegrated 
by the heat of boiling and eleclronic bombardment, and without shadowing. Fig. 20 
shows two normal bipolar bacilli, without gloea, destroyed by boiling. Fig. 29 shows 
twelve well-defined free granules at magnification 4,780 x. Most of the figs. show 
remnants of bacilli and granules. Such a lepromin, stained by Ziehl-Neelsen method 
and examined by ordinary microscope shows few normal bacilli, with disintegrated 
globi and acidfast filaments and granules of different sizes, fuchsinophil dust and 
dark-blue nuclear detritus. 

Magnification 3,900 to 4,780 x .  

(a) The Cell Membrane. It  is by phase contrast microscopy that 
that we see most clearly the cel l  membrane of M. leprae. In the 

bacillary form of M. leprae the membrane circumscribes the cyto­
plasm, which seems l iquid, with granules in constant movement. In 

electron micrographs the aspect of the membrane changes according 

to whether the material was shadowed by chromium or not .  
(b) Gloea. This vitrous mucous material described by Unna and 

Lutz in 1886 was considered by Ieanselme as characteristic of the 
bacillus of leprosy. It cannot be stained by the ordinary methods and 

by phase contrast appears as a clear halo around the human or 
murine leprosy bacilli . By electron micrography of unshadowed 

material the gloea appears as a white sheet enclosing the bacilli ,  
whether isolated or in masses. Ieanselme says" . . .  les substances 

grasses de la couche profonde de la glee sont des corps isotropes, 
homogenes, lipoides".4 

(c) Metachromatic granules. Since 1 953 the mycobacterial meta­
chromatic granules are being called mitochondria (Mudd et at.), 
which means "thread granules" according to Stedman's medical 

dictionary, synonymous with "coccothrix", the name given by 
A. Lutz in 18865 for lepra and tuberculosis bacilli .  The chemical· 

constitution of the metachromatic granules is still undecided .  

F. Scanga6 says that they represent a carbohydrate reserve and are 

different 
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especial ly present in spore-bearing baci l l i : from the biological point  
of view the glycogen granules are perhaps to be cons idered as a 
source of energy which the cel l uses at special .t imes.  A .  Paldrock7 
says " . . .  I'acide nucl<�ique l ibre (selon toute probabi l ite analogue 
a la volut ive) se trouve dans les granulat ions, tandis q ue, dans les 
substances qui les enveloppent et qui constituent les baton nets, 
predominent les nucleides et les n ucleo-proteides". Max and Woith 
say that such granules are the reservoi r  of l i fe energy and of the 
v i rulence of bacteria, and I myself th inkS, as I said in 1 943 ,  that they 
are the <?riginal elements of mycobacteria, the cause of tuberculoid 
leprosy, and the cause of many relapses in  pat ients who had reached 
cl inical arrest of the d i sease. I n  tuberculoid leprosy, when we find 
granules in sk in  lesions, or later on masses or morulae of granules, 
there i s  a l iabi l ity to the mutat ion i nto lepromatous leprosy. 

(d) M. leprae by ord inary m icroscopy is best stud ied in the 
contents of the intracutaneous nodules of the ENL les ions rather 
than in  the suspensions of lepromatous t issue, and the stain ing is 
by Ziehl-Neelsen or Fontes methods. The smear stained by Ziehl­
Neelsen method shows a formidable quantity of acid fast baci l l i  
ly ing i n  big masses, globi ,  and dubs intra- or extracel lu larly. The 
dense masses of baci l l i  stain wel l at the periphery and centrally there 
are pale rose filaments or detri tus of baci l l i .  There are sometimes 
bacil lary bal l s  which are 10 to 1 5  t imes larger than the common 
globi , and have a dense peripheral sheet of baci l l i ,  the centre being 
empty, or containing remnants of segmented bacil l i . By the Fontes 
staining method the isolated bacil l i  show beautiful  dark-stained 
granules of various size and posit ion inside the bac i l l i .  In general 
the central granules are larger than the terminal ones, and from 
these larger granules gem mules or branching may develop. 

Repeated exami nat ions by electron microscopy have confirmed 
for us what we described before3, that M. leprae shows a membrane, 
and the halo of gloea which becomes more visible when it  surrounds 
the globi or  palisades of baci11i; there are also free granules of various 
s izes and external granules bound up  with the membrane and some­
times forming branches or gem m ules .  I n  phase contrast microscopy 
at 400 X the leprosy baci l lus shows free granules which have an 
intense rotatory movement, and there are granular baci l l i  which 
have a screwing, sk ipping, or stroke motion, which produces a slow 
progression .  All the baci l l i  are surrounded by membrane and gloea, 
and the cytoplasm seems to be l iquid or sem i-l iquid, because the 
internal granules change places, from one end to another. Sometimes 
the bacil l i  form into a bal l .  Sometimes the larger granule in a bacil lus 
prolapses as a gemmule or  branch, and finally detaches itself and 
progresses with a very rapid rotatory movement : later on i t  acqui res 
a p�duncle and grows unti l  i t  takes the form of a comet or  musical 
note and finally becomes a new baci l lus .  Not all the granules produce 
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new baci l l i ; most of them are steri le as are most of the seeds of any 
plant. 

(e) The Stefansky bacillus. 1 have shown that the laboratory 
an imal most sensi t ive to the Stefan sky bac i l l us i� the black mouse9• 
A suspension of nodular material or abscess from this  mouse, taken 
a few weeks after the i nocu lation of the infect ion,  and stained either 
by Zieh l -Neelsen or Fontes methods, shows that the Stefan sky 
baci l lus i s  th inner than M. /eprae and its granules smaller and more 
regular.  The globi are somet imes enormous. 

Electron microscopy of fresh rat leproma shows their baci l l i ,  a 
few homogeneous and the most granular, and the granules are 
smaller and more regular than those of M. /eprae. The baci l l i  also 
show the membrane and the halo of gloea i n  unshadowed materia l . 
Owing to the electron bom bardment both the Hansen and Stefansky 
baci l l i  are m uch al tered in  structure, so t hat centra l ly  and terminal ly 
black bars or  gran ules of chromat i n  condensation or carbonized 
globulin appear. 

By phase contrast the Stefansky bacil l i  show as rods with one, 
two (bipo lar), three, or  more in ternal small granules, which show 
the same movements as the granu les in  M. leprae. The globi do not 
move, but the free bacil l i  around them indulge in normal movement .  
At 1000 X magnification the examination i s  less satisfactory than 
at 400 X. The addit ion of formol solut ion to the preparation 
s uppresses al l  movements and the material becomes more su i table 
for the study of the static morphology. 

Discussion 

Electron and phase contrast microscopy have greatly advanced 
our  knowledge of the morphology of M. /eprae but  we sti l l  have much 
to learn . More studies are needed of material from al l  types and 
groups of leprosy, and especial ly from dimorphous  or borderl ine 
cases, and thin sections of florid lepromatous lesions, and lesions 
of ENL. 

Summary 

Both phase contrast and electron m icroscopy have been used by 
the author to study the bacil lary morphology in human and rat 
l eprosy. Phase contrast was best for revealing the cel l  membrane, 
the apparently l iquid cytoplasmic contents, and t he presence of 
gran ules in constant movement :  a l so the gloea appears as a clear 
halo .  The metachromatic granules are considered to be viable and 
the means of perpetuating the l ife history of the bacil lus .  By phase 
contrast also the granular baci l l i  were seen to have a slow progressive 
motion, and sometimes a larger granule prolapsed and extruded 
and progressed with a rapid rotatory movement, and acquired a 
peduncle and later a comet form and finally became a new bacil lus. 
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Electron microscopy confirms the membrane, gloea, and gran u les, 
both internal and free, and in gemmule form. The Stefansky bacillus 

is thinner than M. leprae and its granules are smaller and more 

regular, and membrane and gloea are also clearly seen . By phase 
contrast the granules and the bacill i  are also seen to have movements 

similar to M. leprae. 
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