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Micr'oscopic, Cultural and Serologic 

) 
Studies on Mycobacterium, leprae and other 

Mycobacteria Isolated from Leprosy Patients 

A. L. Olitzki , Dina Godinger, Zahava Olitzki and M. L. Dorfman3 

In a previous communication Olitzki and 
Godinger (4) reported the maintenance of 
Mycobacterium leprae in vitro. Uniformly 
stained bacteria were still present after 
nine passages on the medium described by 
Olitzki and Gershon (3), which, for short, 
will be called OG medium in the rest of 
this paper. The bacteria found after five 
months of incubation in the ninth passage 
were still uniformly stainable and did not 
show the bipolar staining described in de
generated bacteria by Rees and Valen
tine (5) . 

Since these experiments were carried out 
only with a strain originating from a pa
tient who had acquired his infection in 
India, it seemed worthwhile to examine the 
possibility of maintaining other strains also 
of M. leprae for a prolonged period on the 
OG medium. The patients hospitalized in 
the Hansen Hospital in Jerusalem have 
come from different parts of the world , 
and acquired their infections in those re
gions. Twenty-six patients chosen for these 
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examinations originated in the following 
countries: Afghanistan 1, Argentina 1, In
dia 4, Iran 1, Iraq 3, Libya 1, Morocco 7, 
Pales tine ( British Mandate TeITitory) 1, 
Russia 1, Turkey 1, ·and Yemen 5. Three 
other patients under ambulatory trea tment 
(Nos. 16, 17 and 22 ) were also chosen for 
these examinations, but did not appear on 
the dates for which the preparations for 
culturing were made. It seemed desirable 
first to detennine if the uniform stainability 
of M. leprae originating in different coun
tries is maintained equally well under the 
same in vitro conditions. Also, experiments 
were undertaken to determine whether 
strains originating from different countries 
are antigenically identical or whether anti
genic differences occur. 

MATERIALS AND METHODS 

Microscopic examination of specimens. 
Before inocul ation of the specimens. suit
able quantities were spread on glass slides, 
stained with hot carbolfuchsin, and ex
amined microscopially. Twe methods of 
counterstaining were employed simultane
ously, one with methylene blue and the 
other with 1 per cent p icric acid . When 
small tissue fragments were present, they 
became nontransJucent after staining with 
methylene blue. Counterstaining with pic-



·1.5, 2 Olil::.1.i & Garlinger: Studies on M. ]eprae 167 

ri c acid enahled easier recognition of bac
teria adherent to tissue fragments, which 
appeared as brilliant red rods on a yellow 
background. 

Cultivation of bacteria. Infected material 
was taken from the ear lobe tissue and 
from the nasa l mucosa of the patients and 
inocu lated into OG medium. Very small 
<J uantities were sufficient for the mainte
nance of a microscopicall y visible popula
tion. From the ear lobe traces of the in
fected fluid on the end of the scalpel 
sufficed to obtain posi tive results. Although 
the material from the ear lobe was taken 
under supposedly sterile conditions , it did 
not always prove to be sterile, and M. fep
rae was overgrown by saprophytic micro
organisms . It was more difficult to obtain 
M. leprae free from concomitant sapro
phytic microorganisms, from the nasal mu
cosa. After numerous preliminary experi
ments it was found that M. Zeprae could be 
obtained free from such microorganisms 
from the ear lobe if 0.01 per cent malachite 
green was added to the first culture. In 
order to secure M. Zeprae free from sapro
ph ytic bacteria from the nose a higher con
centration of malachite green (0.04%), and 
a more prolonged incubation period, were 
necessary. When these conditions were ful 
fill ed, M. Zeprae appeared in the second 
passage free from living saprophytic micro
organisms. This procedure, however, did 

. not exclude the growth of saprophytic 
mycobacteria. Four patients harbored sap
rophytic mycobacteria in the ear lobe skin, 
three of them without M. Zeprae, and one, 
as shown by repeated examinations, to
gether with it. 

Complement-fixation tests. After the har
ves t of sufficient quantities of bacteria from 
the second and third passages, complement
fixation tes ts were performed wi th patients' 
sera. The antigens were prepared as fol 
lows: The bacteria were washed by centri
fu ga tion three times and the sediment was 
resuspended in saline. The sediment was 
submitted to sonic disintegration for two 
minutes, and the entire product, containing 
a soluble extract and insoluble remnants 
of cell wa ll s, was employed as antigen. 
F ifty per cent 'Of the maximal non-anti 
complementary dose was used as antigen. 
Anticomplementary reactions due to any of 

the reagents were excluded by preliminary 
control experiments and suitable controls 
of the hemol ytic sys tem, the antigens, and 
the sera. The results were noted after all 
the control tubes had shown complete he
molysis. A second reading was made after 
the tubes were kept overnight in the refrig
erator; this procedure allowed complete 
sedimentation of the ervthrocvtes and rec
ognition of traces of h~molys; s. 

RESULTS 

The positive results obtained by re
peated examinations of the ear lobe skin 
are summarized in Table ] . All nine pa
tients showed the symptoms of lepromatous 
leprosy clinically. The majority were im
migrants from different countries, where 
they had acquired their infections, and in 
the majority of the examinations performed 
during recent years the microscopic find
ings were positive. In the microscopic ex
aminations preceding the culturing of the 
tissue material taken from the cutaneous 
tissues M. Zeprae was found in varying 
quantities. After a short cultivation of about 
two weeks, in several cases ( Nos. 20, 21 , 
27 and 29 ) more bacteria were found in 
the culture than by direct microscopic ex
amination of the specimen. Hanks (~) has 
explained such findings as due to the liber
ation of bacteria encased in intact cells 
a fter autolysis of the tissues. Not all bac
terial strains were maintained equally well 
on the OG medium. In the first experiment 
only seven out of nine strains yielded cell 
populations still staining well after 245 days 
on the first passage, with succeeding main
tenance in the second and third passages, 
whi le two strains ( from patients No. 20 
and 21 ) were no longer visible. When the 
experiment was repeated with cultures 
from eight patients, only six of them were 
maintained. This ability to persist for a 
long period on OG medium has to be 
ascribed partly to the density of the bac
terial population in the initial inoculum, 
which was very low in the specimens from 
patients No. 18, 20 and 21. 

Table 2 shows the results obtail ed from 
the nasal mucosa of nine patients. In five 
of them the microscopic findings and the 



TABLE 1. Results of combined microscopic and cultural examinations of ear lobe skin. 

Combined examinations 

. I 1st experiment 2nd experiment 
PrevIOus 

examination \ I C. C. 
M. only C. C. 3rd pas- C. 2nd pas-

1st passage 2nd passage sage in- 1st passage sage in-
P incubation incubation cubation incubation cubation 
. a- B' h P .. M (days) (days ) (days) ~r (days) (days ) 

tient lit oSltlve 1 . N . 

no. place Since results specimen 12 245 17 227 11.5 specimen 30 225 I 120 

10 India 1965 10/ 10 3 .3 2 2 2 2 2 2 1 1 
11 Morocco 1965 7/ 8 2 2 2 4 3 4 3 3 2 2 
13 Morocco 1964 15/ 16 3 4 2 3 2 ~1 4 4 2 3 
15 Morocco 196.3 7/ 11 3 4 2 4 3 2 2 4 1 1 
18 Morocco 1963 8/ 13 1 1 2 4 2 3 1 0 0 
20 Yemen 1951 7/ 7 1 .3 0 4 0 0 - - - I 
21 Iraq 1952 3/ 16 1 1 .3 0 3 0 0 1 0 0 
27 Argentina 1964 I 12/ 12 2 4 2 4 4 3 4 4 4 4 
29 Morocco 1965 9./ 11 2 4 4 4 4 3 4 4 3 3 
Incuba tion periods tjll transfer in the first ex periments: 1st passage-12 days, 2nd passage-55 days; in the second experim ent: 1st passage-105 days. 

M. = R esult of microscopic examination of the original specimen. C = Result of microscopic examin at ion of the cu lture. 
0= No microorganisms. 
I = One single microorganism in more than 10 fields. 
2 = 1-10 microorganisms / field. 
3 = 10·30 microorganisms / field. 
4 = Masses of microorganisms / field . - = Examinations not carried out. 

The nominators in the fourth column indicate the number of positive results and the rlenominators-the total number of examinations. 
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TABLE 2. Results of combined mic'roscopic and cultural examinations of the 1108a1 mucosa. 

Combined examinations 

1st experiment 2nd experiment 

Previous C. 
examination C. 2nd pas- C. 

M. only 1st passage sage in- 1st passage 

M. 
incubation cubation 

M. 
incubation 

Patient Birth Positive speci-
( days) (days) 

speci-
(days) 

no. place Since results men 9 45 105 225 135 men 32 92 
- ---------

8 Yemen 1951 0/ 5 0 0 0 0 () - 0 0 0 
9 Iran 1952 0/ 32 0 0 0 0 0 - 0 0 0 

13 \10rocco 1964 15/ 16 1 4 4 4 2 3 1 4 4 
15 \1orocco 1964 8/ 13 ° 0 0 0 0 -
18 \llorocco 1964 3/ 13 0 0 0 0 0 -
19 \ llorocco 1963 1/ 6 ° ° 0 0 0 - 0 0 0 
21 Iraq 1953 2/ 16 1 1 2 2 2 2 I 3 3 
27 Argentina 1964 10/ 12 3 3 3 3 3 4 

I 
3 3 3 

29 I \10rocco 1965 8/ 11 I 3 3 3 
-

Incubation periods till transfer in the first experiment: 1st passage 105 days; ill the second experiment; 1st passage-92 days. 
Remarks and abbreviations as in Table 1. 
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TABLl:: 3. Negative results obtained in examinations of the earlobe skin. 
--- -- -- ---

Previous examinations 
Combined experi --

ment 
Patient no. Birth place Since Positive resu lts 

I 
C. + M. 

1 Russia 1961 OJ? 0 
2 Libya 1964 5/ 12 0 
3 Morocco ] 962 0/ 6 0 
4 Yemen 1959 0/ 10 0 
5 Afghan istan 1954 0/ 24 0 
7 Palestine 1957 0/ 15 0 

14 Yemen 1952 0/ 31 0 
16 Yemen 1957 0/ 1.3 0 
23 Iraq 1957 0/ 1.3 0 
24 Iraq 1954 0/ 19 0 
25 India 195.3 

I 

0/ 26 ° 26 Turkey 1960 0/ 10 0 
28 India 1961 0/ 8 0 

Remarks and a bbreViatIon s as in Table I . 

TABLE 4. Saprophytic mycobacteria isolated from the ear lobes of four patients. 

Previous examinations 

Patient Birth-

I 
Ear 

no. place Since lobe Nose 

8 Yemen 1951 1/5 0/ 5 
9 Iran 1952 0/ 32 0/ 32 

12 India 1965 8/ 8 7/ 8 
19 Morocco 1963 1/6 1/ 6 

Remarks and abbreviations as in T able J. 

results of the culture were negative. In 
four patients positive results were obtained 
microscopically and by culture as well. In 
two patients ( Nos. 13 and 21 ), although 
only sporadic bacteria were found in the 
original specimen, dense bacterial popu
lations appeared repeatedly in the culture. 
These findings were similar to those ob 
tained in two instances with the bacteria 
from the ear lobe skin. 

Table 3 shows the negative results ob
tained repeatedly on examination of the 
ear lobe skin of 13 pa tients. All of them, 
with the exception of No. 2, had been un
der treatment for many years, and the re
sults of their microscopic examina tions were 
consistently negative. Clinically, the ma
jority of the pa tients showed the symptoms 
of lepromatous leprosy. Patients No.3, 26 
and 28 exhibited an indeterminate type of 

I 

! 

I 

-
Primary culture on Growth after 

Microscopic OG medium transfer to 
examination Peizer or 

before 1st Dubos 
culturing Direct su bculture medium 

--

0 3 3 4 
0 1 4 4 
3 4 4 4 

° 3 4 4 

the disease, No. 4 the tuberculoid type, 
and No.5 the neural type. 

If we summarize the observations of th e 
combined microscopic and cultural exami
nations , the followin g conclusions can be 
drawn: 

( 1 ) In all cases where bacteria were 
found microscopically, the initial cultures 
were positive and in some instances even 
showed higher population densities than 
the original specimens. 

(2) Prolonged maintenance of sta inable 
bacteria in subcultures was possible in on ly 
13 out of 17 examinations of the ear lobe 
skin and in seven examinations of the 
microscopically positive nasal mucosa. 

(3 ) In no case were positive cultures 
obtained from microscopically negative 
specimens. 
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Table 4 shows th e results obtained in 
four cases in which atypical mycobacteria 
were isolated from the ear lobes. In three 
patients repeated microscopic examinations 
were negative. In one pa tient ( No. 12 ) . 
however, repeated microscopic examina
tions were positive. When additional cul
tures were mad e, mycobacteria appeared 
again , which were not cultivable on con
ventional media. That is to say, M . Zeprae 
was present without concomitant acid-fas t 
microorganisms. Mycobacteria that are not 
identical with M. Teprae have been isola ted 
repeatedly from leprosy patients . Hanks e) 
reported that M. Teprae and rapidly grow
ing mycohacteria were present a t the same 
time in different nodules of the same pa
tients. Similar results w ere puhlished b y 
Fraser and Fle tcher ( 1 ) . 

All four strains isolated from the patients 
No. 8, 9, 12 and 19 ,ve re rapid growers . 
The intact bacteria and their cell walls 
were agglutinated by an anti-M . fortuittlm
immune serum, strain 9 up to the end of 
the titer ( 1:3, 250 ) and strains 8, 12, and 
19 up to 1: 625. Amidase reactions showed 
a pattern similar to tha t of M. fortHitllm . 
The question arose whether the presence 
of these strains was due to accidental con
tamination b y a laboratory strain or 
whe ther each patient ha rbored his own 
mycobacterium individually. Examination 
of the resistance of these strains showcd 
tha t differences existed in their sensitivity 
to a group of antibiotics, a fact apparently 
justifying the conclusion that these strains 
orig inated from different sources. 

T able 5 shows the behavior of these 

TABLE .5. Th e sensitivity of four rapidly growing mycobacterial strains isolated from 
leprosy patien.ts to nine antihiotics. 

I Antibiotic 
Action of antibiotics 

I 
no. 

Strain concentration 
No. (,ugm./ml. ) 1 2 3 4 5 

----------
8 100.0 St St Bcd 0 

(Yemen) 10.0 0 0 St 0 
1.0 0 0 0 0 

9 100.0 St St a St 
(Iran ) 10.0 0 0 0 0 

1.0 0 0 0 0 
0.2 0 0 0 0 

12 100.0 St St St 0 
(India ) I 10.0 St 0 St 0 

i 1.0 D 0 0' 0 
I 0.2 D 0 0 0 

0.05 0 0 0 0 

19 100.0 11 cd TId Bcd 0 
( Morocco) 10.0 D 0 Bcd 0 

I 1.0 0 0 0 a 
-

BCD = Bac ten cld a l action , no growth a ft er tran sfer to a new medium . 
St = Bacteriosta ti c action, g rowth aft er transfer 
D = T emporary delay. 
o = No effect. 
Nam es of antibioti cs: I = Lin comyci n h yd rochl orid e. 

2 = Novobi ocin sodium . 
3 = Streptova ricin C (dalacin C) . 
4 = Streptozotoc in . 
5 = Spectin om ycin sulfa te. 
6 = Celes tice tin sa licyla le . 
7 = l'lu ensom ycill. 
8 = Ami cetin . 
9 ;::::; Streptovari cill complex (dalaLill). 

St 
0 
0 

St 
St 
St 
0 

St 
D 
D 
D 
0 

Bcd 
0 
0 

I 6 
--

St 
0 
0 

St 
D 
St I 0 

St 
St 
St 

0 
0 

Bcd 
St 
0 

7 8 9 
- - ----

Bcd Bcd St 
St Bcd 0 
0 0 0 

St St I St 
St 0 I 0 
St 0 0 
0 0 0 

St St Bcd 
St St 0 
St St 0 
0 D 0 
0 0 0 

Bcd St Bcd 
0 St St 
0 0 0 
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strains in sensitivity tes ts. The tab le shows 
that the sensitivity of strain No. 19 is the 
highes t of all four strains. At 100 JLgm./ml. 
concentration with seven antibiotics, a com
plete bactericidal effect was observed. 
Strain No.8 was inactivated completely by 
only three, and strain No. 12 b y one anti
biotic. None of the nine antibiotics could 
inactivate the bacteria of strain No.9 com
pletely. 

Complement-fixation tes ts w ith the bac
terial antigens obtained from the second 
and third passages of M. leprae on OG me
dium showed that marked differences 
existed in the antibody concentra tions of 
the patients' sera. There was no correla tion 
with the bacteriologic finding: e.g., a strong 
reaction took place with the serum of pa
tient No.2, who was bacteriologically nega
tive, and of patient No. 13 who was bac
teriologicall y positive. Also the presence of 
atypical mycobacteria alone or together 
with M. leprae did not correla te w ith the 
intensity of the serologic reaction, as shown 
in Table 6. 

Simultaneously with the complement
fixation tests with M. leprae antigen, tests 
were performed with the antigen prepared 

from the a typical mycobacterium isolated 
from patient No. 12 ( India) . Complete 
inhibition of hemolysis was observed with 
0.4 and 0.2 ml. of sera No.2, 10, 13 and 
27. Serum No. 12, the serum of the patient 
who carried strain No. 12 in his earlobe 
(Table 4) , reacted with strain No. 12 only 
when 0.4 ml. were present. At 0.2 ml. no 
inhibition of hemolys is was observed . The 
other sera, which were negative or gave 
weak reactions with M. leprae (Nos. 8, 9, 
18, 19 and 21), also reacted negatively 
with antigen from strain No. 12. From the 
positive sera we have chosen the most ac
tive ones and tes ted them aga inst three 
different antigens that were ava ilable in 
sufficient quantities. The results are sum
marized in Table 7. Although from all 
antigens used half the nonanticomplemen
tary amounts were employed, marked dif
ferences in the ir in vitro activity were 
observed . The most active antigens were 
No. 10 ( India) and No. 13 ( Morocco) , 
which gave posi tive reactions even with 
0.02 ml. of serum No. 13 (Morocco) and 
serum No. 27 (Argentina ). The activity of 
antigen No. 27 (Argentina) was somewhat 
lower. It gave positive reactions in the 

TABLE 6. Complement fixation with antigen trom India-stra in No. 10. 

-

Patient Birth 
no. country 

2 Libya 
8 Yemen 

9 Ira.n 

10 India 
12 India 

13 Morocco 
18 Morocco 
19 Morocco 

21 Iraq 
27 Argentina 

4 = No hemolys Is. 
,! = Traces of hemolysis. 
2 = r,O% he molysis. 
I = 7:; % he mol ys is. 
U = Comple le hemolys is. 

Bacillary 
findings 

Negative 
Atypical 
mycobacteria 
Atypical 
mycobacteria 
M. Teprae 
M. leprae 
and 
atypical 
mvcobacteria 
M. Teprae 
M. Teprae 
Atypical 
mycobacteria 
M. leprae 
M. TeTJ/'{/e 

-

Intensity of infection at serum quantity (ml.) 

0.4 0.2 0.1 0.05 

4 4 3 3 
, 

0 0 0 0 

4 0 0 0 
4 2 1 0 

1 0 0 0 
4 4 4 4 
3 0 0 0 

0 0 0 0 
0 0 0 0 
4 4 1 0 
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T ABLE 7. Complement fixation of three different patient sera with foul' different an tigens. 

Quantities of patient sera (Ill\. ) 

No. 27 (Argentina ) No. 10 (India) No. 1.3 (Morocco) 

Antigen 10.4 0.2 0.1 0.05 0.02 0.4 

No. 27 
(Argentina) 4 4 3 1 0 4 

No. 10 
(India) 4 4 3 3 3 4 

No. 13 
(Morocco) 4 4 3 .3 3 4 

No. 29 
( Morocco) 4 1 0 0 0 4 

presence of 0.05 ml. of either serum No. 
27 or serum No. 13. Antigen No. 29 
( Morocco) was a weak one. It reacted with 
all immune sera only when at leas t 0.2 ml. 
of serum were added. The strong sera No. 
13 ( Morocco) and No. 27 (Argentina ) 
reacted equally with all four antigens. The 
intensity of the serum reaction was deter
mined by the potency of the antigen only. 
The weak serum, No. 10 ( India), showed 
some strain specificity. It still reacted with 
its homologous antigen in the presence of 
0.1 ml. serum, and with the two strong 
antigens, No. 13 ( Morocco) and No. 27 
(Argentina), only when 0.4 ml. serum were 
present. 

Summarizing these results, we concluded 
that cross reactions occur between strains 
of M. leprae from widely separate parts of 
the world and their corresponding patient 
sera. A definite answer cannot be given as 
to whether there is complete antigenic 
identity or whether qualitative or quantita
tive differences occur in the antigenic struc
ture of the different strains. 

DISCUSSION 

The experiments described above show 
that, b y the aid of the OG medium with 
addition of a suitable concentration of 
malachite-green, it is possible to obtain 
suspensions of M. leprae from the nasal 
mucosa and the ear lobe skin of leprosy 

0.2 0.1 0.05 0.4 0.2 0.1 0.05 0.02 

0 0 0 4 3 3 1 0 

2 1 () 4 4 4 4 4 

0 0 () 4 4 3 2 1 

1 0 0 4 1 0 0 0 

patients, which retain their normal stain
ability after further transfer on OG medium 
without malachite-green. The media em
ployed acted also as selective media for 
other mycobacteria, which were present in 
three instances in the original specimens 
alone and in one instance together with 
M. leprae. Although the role of these rapid 
growing mycob acteria as causative agents 
has to be determined, we cannot exclude 
the possibility that some may. act as growth
promoters for bacteria-dependent myco
bacteria. This possibility has to be investi
gated by in vitro and in vivo tests . If there 
is a symbiosis between saprophytic orga
nisms and bacteria-dependent strains, 
chemotherapeutic measures should not be 
concentrated solely on the causative agent, 
but also on those microorganisms that may 
act as producers of chelating substances, 
e.g., mycobactins, or as providers of basic 
nutrients or higher molecules that may be 
utilized b y the host- or the bacteria-de
pendent pathogens. The serologic exami
nations showed that antigenic cross-reac
tions occur between M. leprae and the 
saprophytic strain No. 12. All the patient 
sera that gave positive reactions with M. 
leprae reacted also with strain No. 12. This 
antigenic relationship is only an expression 
of the fact that a similarity or even identity 
of chemical groups exists, which is com
mon to pathogenic and saprophytic myco
bacteria as well. 
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SUMMARY 

A selective medium has been described, 
which enabled the isolation and mainte
nance of uniformly stainable suspensions 
of M. leprae and other mycobacteria. Com
plement-fixation reactions between antigens 
prepared from strains of M. leprae origi
nating from widely separated countries and 
the corresponding homologous and heter
ologous sera from patients, showed that 
strong cross-reactions occur between pa
tient sera and M. leprae antigens originat
ing in different parts of the world. Final 
conclusions, however, on the antigenic 
identity of all strains of M. leprae could 
not he drawn. 

RESUMEN 

Un medio selectivo ha sido descrito que 
permitio el aislamiento y mantenci6n de sus
pensiones uniformemente teiiidas de M. lep
rae y otras mycobacterias. Las reacciones de 
fijacion del complemento entre los antigenos 
preparados de cepas de M. leprae origin arias 
de paises geograficamente alejados y los cor
respondientes hom610gos y heter61ogos del 
suero de los enfermos, mostraron que fuertes 
reacciones cruzadas ocurren entre el suero del 
paciente y antigenos de M. leprae originario 
de diferentes partes del mundo. Conclusiones 
finales, sin embargo, sobre las caracteristicas 
antigenicas de todas las cepas de M. leprae 
no pueden establecerse. 

R£SUM£ 
On a decrit ici un milieu selectif qui permet 

l'isolement et la persistance de suspensions de 
M. leprae et d'autres mycobacteries colorables 

de fa90n uniforme. Les reactions de fixation 
du complement entre les antigenes prepares 
a partir de souches de M. leprae proven ant 
de pays separes par des distances considerables, 
et les serums homologues et heterologues cor
respondants obtenus chez les malades, ont 
montre que des reactions croisees intenses 
survenaient entre les serums du malade et les 
antigenes de M . leprae provenant de differ
entes parties du monde. II n'est toutefois pas 
possible de tirer des conclusions finales quant 
a l'identite antigenique de toutes les souches 
de M. leprae. 

Acknowledgment. We acknowledge grate
fully a supply of antibiotics provided by Dr. 
George M. Savage, The Upjohn Company, 
Kalamazoo, Michigan. 

REFERENCES 
1. FRASER, H. and FLETCHER, W. The culti

vation of the leprosy bacillus. Ann. Trop. 
Med. Parasitol. 9 (1915) 381-382. 

2. HANKS, J. H. Bacteriology of leprosy. Ann. _ 
New York Acad. · Sci. 54 (1951) 12-19. 

3. OLITZK!, A. L. and GERSHON, Z. Main
tenance of cytopathic activity of Myco
bacterium leprae in Eagle's medium sup
plemented by mycobacterial extracts. Israel 
J. Med. Sci. 1 (1965) 1004-1008. 

4. OLITZK!, A. L. and GODINGER, D. Studies 
on Mycobacterium leprae in media en
riched by mycobacterial extracts. Internat. 
J. Leprosy 35 (1967) 154-165. 

5. REES, R. J. W. and VALENTINE, R. C. The 
appearance of dead leprosy bacilli by light 
and electron microscopy. Internat. J. Lep
rosy 30 (1962) 1-9. 


