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Fate of Mycobacterium Zeprae In Macrophages of 
Patients with Lepromatous or Tube rculoid Leprosy 

To TlIE EOToH: 
Barbicri and Corrca (2) and Beiguclman 

(3 , 4) have reportcd that blood-derived 
macrophagcs from Mitsuda nega ti ve, un­
like Mitsuda positive individuals, with or 
without leprosy, lack the ability to lyse or 
digest killed Mycobacterium leprae in tis­
sue culture. This deficiency appeared to be 
specific to M. Teprae since macrophages of 
Mitsuda negative individuals were able to 
lyse killed M. lepraemuriwn and M. tuber­
culosis. Mycobacterial lysis was complete in 
lO to 16 days, by which tim e no bacilli 
stained with carbol-fuchsin by the Ziehl­
Neelsen method. Our attempts to repeat 
these findings have been unsuccessful. 

Blood was collected from fi ve pairs of 
patients-one lepromatous and one tuber­
culoid on each occasion. The type of lepro­
sy was based on cl inical and histologic 
assessments according to the Ridley-Jopling 
scale (J1). All the lepromatous patients 
(LL-LI ) were Mitsuda negative, while all 
the tuberculoid patients (TT-BT ) were 
Mitsuda positive, four giving a +++ reac­
tion, the fifth a ++ reaction. 

After defibrination the white cells were 
separated by addition of 3 per cent dextran 
( MW 250,000; BDH-one volume dextran 
to two volumes blood) . The red cells were 
allowed to sediment at room temperature 
for 30 to 60 minutes. The leukocytes were 
washed once and made up to a concentra­
tion of 4-6 x 106 cells/ mI. in Eagle's medi­
um containing a 1..37 gm./ 1 NaHCO:{ (one. 
half of the usual concentration ), 20 per 
cent autologous serum, O.lmg./ml. L-gluta­
min e and 100 units/ml. penicillin. The ma­
crophages were cultured on coverslips in 
Leighton tubes. One ml. of the cell suspen­
sion was added to each tube, gassed in 5 
per cent CO2/ air and incubated at 37°C. 

In order to remove most of the lympho­
cytes before M. Teprae was added, the 
medium was changed and the cells washed 
on thc second day of cultivation. On the 
third day, M. leprae prepared from Mit­
snda-type lepromin analogous to the meth­
od of Barbieri and Correa, was added to 
the cells in medium containing 20 per cent 
norm al human serum (T.G. or R.J.vV.R. ) . 
The macrophages were infccted by adding 
to the cultmes either 2.5 x lor; bacilli, 
counted by the method of Hart and Rees 
( S ), and incubating for three days or by 
adding 1 x 106 bacilli for two hours. The 
cells, after changing the medium, were 
then incubated for 10 days. 

Changes in the macrophage population 
and the fate of M. Zeprae within these cells 
was assessed by comparing Ziehl-Neelsen 
stained (1) covers lips immediately follow­
ing infcction with coverslip preparations 
after incubation for 10 days. The number of 
bacilli taken up per cell was on average 1.8 
in the lepromatous group and 1.5 in the 
tuberculoid group. The total number of 
cells in each culture did not change signifi­
cantly during this period of incubation. 
Because it was apparent from preliminary 
assessments that acid-fast bacilli persisted 
within macrophages from all the patients 
throughout the culture period, more precise 
comparisons were made of the morphologic 
appearances of the bacilli within the cells 
before and after incubation. These assess­
ments were made first by T.G. and then by 
R.J .W.R., on coded cover slips. Similar re­
sults wcre obtained by the two observers. 
Bacilli were grouped into those that stained 
uniformly and brightly with carbol fuchsin 
and those that stained irregulady or faintly. 
The latter were considered to represent 
degenerative changes clue to the loss of 

439 



440 Intemational loumal of Leprosy 1970 

cytoplasmic materia l from the organisms 
( 10 ). In the baselin e preparations the aver­
age percentage of such uegenerate bacilli 
was 40 in the lep'romatous and 44 in the 
tuberculoid group. After 10 days the corre­
sponding ngures were 64.4 per cent and 66 
per cent. Thus, as shown in Figure 1, there 
was a similar overall increase in percentage 
of degenerate bacilli in the two groups of 
patients and , moreover, the proportion of 
bacilli showin g the most advanced forms of 
irregular staining was also similar in both 
groups of patients. Furthermore, parallel 
investigations with M. lepraemuriwn anu 
M. tuberculosis in four out of the five pairs 
(Fig. 1) indicate that there are no major 
differences in the ability of macrophages 
from the two groups of patients to lyse or 
digest these strains of mycobacteria and 
that little or no lysis occurred within the 
period of obscrvation. 

The original observations of Barbieri , 
Correa and Beiguelman showed that ma­
crophages from tuberculoid patients, or 
from Mitsuda positive individuals, so com­
pletely lysed or digested phagocytosed 
heat-killed M. leprae that no acid-fast 
bacilli remained after 10 to 16 days of 
incubation and, moreover, the lytic effect of 
these maerophages was specinc only for M . 
leprae (3, 4) , Therefore our studies failed 
completely to confirm their observations. 
We introduced more renned assessments in 
an attempt to detect interm ed iate degrees 
of lysis, but even these failed to confirm 
any such tendency. Because of the consid­
erable variations between the individual 
cell-lines and the small number of patients 
included in our own study, small but sig­
nifiean t differences bet'vveen the two types 
of leprosy may still have been missed. 
However, they could not account for the 
complete failure of our study to confirm the 
results of Barbieri et al. 

In attempting to explain the discrepant 
results obtained by Barbieri et al., and 
ourselves, consideration of a possible 
mechanIsm for the phenomenon seemed to 
be appropriate. The two most likely 
mechanisms were that maerophages from 
lepromatous patients and Mitsuda negative 
individuals: (1) fai led to digest M. leprae 
because they lack the appropriate enzym e 

systems (poss ibJy Jysosomal in origin and a 
genetically determined deficiency) and 
therefore comparable to the situation in 
ehildren \-vith chronic granulomatous dis­
ease (5) or, (2) a cell-mediated immune 
deficiency in such patients and individuals 
affecting either the antigen-processing 
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FIC. 1. Difference between percentages of 
degenerate bacilli before and after 10 days of 
cultivation in macrophages; degeneracy in­
creases during activation. Horizontal lin es 
mean of each group; + = 

Illcrease 
--------- X 100. 
Degeneracy at b:lse line 

LL = macrophages from lepromatous. TT 
= macro phages from tuberculoid patients. ML 
= M. leprae. MLM = M. lepraeHlllrilln1 . MT 
= M. tuberculosis. 
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mechanism of the macrophages or thc im­
mune capacity of their lymphocytes , again 
possibly a geneti cally determined d eficicn­
cy. If the first mechanism was relevant, 
then the methods for collccting p eripheral­
blood monocytes to the exclusion of lym­
phocytes arc unimportant, but clearly there 
could be important gcneti c differences be­
twccn the population studied by Barbi eri 
et al. in Braz il , compared with our patients 
who, with the exception of one from Fiji , 
werc all Indian or Anglo-Indian. On the 
othcr hand, if therc is an immunologic 
mechanism then the results of recent 
studies would indicate the importance of 
technical de tail s in the preparation of mon­
ocytes to the excl usion of significant num­
bers of lymphocytes in order to distinguish 
between the role of these two cell typ es. 
For example, our own studies on p eripher­
al-blood macrophages from lepromatous 
and tuberc uloid p ati ents ( .. ) indicate the 
essential role of lymphocytes from the tu ­
b erculoid compared to the lepromatous p a­
tients in inhibitin g the multiplication of 
mycobacteria in vUro within these macro­
phages. The role of immune lymphocytes 
in determining the multiplication of M. 
tu.berculosis in mouse peritoneal macro­
phages from immunized and nonimmu­
nized an imals has also b een established 
(9) . These recent results unde rline the 
necess ity for futher detailcd studi es b ascd 
on methods des igned for carefully exclud­
ing lymphocytes a t thc time of incubati on 
of blood-derived macrophages with M. Ze­
prae or other mycobacteria. 

The clear-cut inability of peripheral­
blood macrophages from lepromatous pa­
tients or Mitsuda negative individuals to 
spec ifically digest or lyse heat-killed M. 
leprae has not been confirm ed by our own 
studies using, apparently, identical meth-

. ods. ~10re recently, another group (6) , 
u sin rt apparently similar conditions, has 
also fa il ed to confirm the original observa-. 
tion by Barbieri et al. The latter studies 
were unde rtaken in San Francisco, and 
thcrefore like our own patients are likely to 
be from diffe rent raccs than those studied 
first in Brazil. On the b asis of these racial 
differences and thc other possible differ­
ences di sc ll ssed h ere, furth er studies must 

be unde rtaken before the relcvance of this 
phenomenon in determining the outcome 
of leprosy in man can be adequately as­
sessed. 

-T. CODAL 

-R. J. W. REES 
Laboratory for Leprosy and 

Mycobacterial Research 
National In stitute for Medical Research 
Mill lTill, London, N.W.7. , Eng7and 
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