
11'1'1 FRNATIONAI. JO VRN /\L OF I ,F I'ROSY Volume 36. Number 1 
Pri"tea in U.S .A. 

INTERNATIONAL JOURNAL OF LEPROSY 
and Other Mycobacterial Diseases 

O~'FlCJAL ORGAN o .C' THY I STI':RX ATfOX AI, LEPIW:-iY .... \S~OCIATIO~ 
PUBLISHED WITH THE Am OF THI': 

LEON ARD VVOOD ?\fEl\IORIAL 

Publication Office: 1200 - 18th St., N.\V., vVashin gton, D. C. 

VOLUME 36, N UMBlm 1 

EDITORIALS 

Editorials are tGritten by members of the Editoral Board, and occasionally 
by guest editorial wl'itel's at the invitation of the Editor, and opinions expressed 
are those of the w riters. 

Immunologic Suppression in Leprosy and its Relation to 
Lepromatous Disease 

Research on the suppression of immunity 
in leprosy has recently led to several inter­
esting developments. Two general areas 
are involved: (a) attempts to produce an 
experimental disease that is more extensive 
and severe than the usual infection with 
Mycobacterium leprae in the foot pads of 
normal mice, and (b) attempts to explore 
the immunologic phenomena in leproma­
tous patients that lead to the absence of 
lepromin reactivity. 

Earlier attempts to enhance the foot pad 
infections in the mouse l were largely 
unsuccessful. Suramin, a compound 
that enhances growth of tubercle bacilli in 
the mouse, had no effect on M. lepme 
infections in the mouse.! Cortisone, 
which also promotes the multiplication of 
M. tuberculosis in the mouse, had only a' 
limited effect on the growth of M. leprae; it 
prevented some of the loss of hacterial 

' REES, R . J. W. Limiled lUUlliplicalion of ac id ­
fast bacilli in the foot -pads of mi ce inoculated 
with Mycobacterium ie/Jl'ae. British J. Exper. Path . 
45 (1964) 207 -218. 

viability that normally occurs in the plateau 
phase, but it did not increase the numbers 
of bacteria significantly. 2 Some other 
procedures that are capable of producing 
more pronounced immunologic deficit do 
not allow the mice to survive long enough 
for decisive experiments with M. leprae. 
Thus the radiomimetic drug cyclophos­
phamide (cytoxan), when used in doses 
needed to enhance other mycobacterial in­
fections , killed the mice in about one 
month.3 Also thymectomy of new-born 
mice usually causes "runting" and death in 
two to three months. The thymus is neces­
sary for the normal development of the 
lymphoid tissues in neonatal mice. 

In adult mice, thymectomy by itself does 
not have such a profound effect, but if the 

'51'IEPARD, C. C. and McRAE, D. H . MycobacteriwH 
ie/Jrae in mice: Minimal infectious dose, relation· 
ship between staining quality and infectivity. anel 
effect of cortisone. J. Bact. 89 (1965) 365·372. 

'SHEPARD, C. C. and REDUS, M. A. Effect of im ­
llIunosuppressive drugs on infeclion in mice by /'vi. 
lIIarinwn (balflel) . M. tuberculosis and M. leprae. 
Internat. J. Leprosy 35 (1967) 348-354. 
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thymectomy is followed by heavy x­
irradia tion lymphoid ti ssues do not regener­
a te and a profound immunologic depres­
sion develops:' Tn this procedure trans­
fusion of syngeneic bone marrow cells is 
given to protect the mice against the other­
wise fata l effects of irradia tion on the mye­
loid system; lymphocytic elements are 
present in the bone marrow transfu sion, but 
they are apparentl y unable to develop 
properly in the absence of a thymus. Some 
of these th ymectomized-irradiated mice die 
in the first few weeks, but th e survivors live 
for approximately normal life spans. The 
immunologic depression is mani fes ted by 
poor antibody response to many antigens 
and markedly delayed rejection of skin 
grafts from foreign lines of mice. 

Thymectomized-irradiated mice have 
now been employed to excellent advantage 
by Rees ~. G to study foot pad infections 
with M. leprae, and by Rees and co­
workers7 to study infections by other 
routes as well. Their findings after foot pad 
inoculations have been confirmed.s. 9 In 
thymectomized-irradiated mice inoculated 
in the foot pad, bacillary multiplication 
occurs at first at approximately the same 
rate as that in normal mice. However, at 
the time when the logarithmic phase of 
growth is terminated, at about 1 X 106 

bacilli per foot pad in normal mice, bacil­
lary multiplication continues in thymecto­
mized-irradiated mice. Although multipli-

' :'I ]I LI.EI{, .J. F. A. P ., DOAK, S. M. A. and CROSS, 
A. ;\1. R olc of the th ym us in rccove ry of the im ­
lI1unc mecha nism in the irradiated adult mouse. 
P roc. Soc. Exper. Bi oI. & Med. 112 (1963) 785 -792. 

"R EI'S, R . J. ' -Y. R ecent bacter iologic. immun ologic 
and pathologic studies on experimental hum a n 
Icprosy in the mouse foot pad. Inte rnat. J. L eprosy 
33 (1965) 6-16-655. 
, "R EES, R . J. , V. Enhanced sllsceptibility of th y­

mectomized and irradiated mice to infection with 
M yco bacle1'illm ie/nae. )Jatme (London) 211 
(1966) 657 -658, 

7R EES, R. J, , ,y., WATERS, M . F. R ., ' ,VEDDELL, 
A. C. M. and P AUIER, E. Experimental lepro­
matous leprosy, ;\'a lurc (London) 215 (1967) 
599-602. 

' CAUCAS, J. M. Effect of X -irradiat ion and th y­
mectomy 011 the dc \ dopmellt of iIIyrobflrle l i/lll/ 
ielJl'ae infection in Illicc. Bri tish J. Expel'. Pat h . 
48 (1967) 417-422, 

·SHEPARD, C. e. and Cor-:c.Dm" e. C. Increased 
g-rowth of M ycobacterium ie/Hoe in t hymectomizcd ­
irrad iated mice a[tcr foot pad inocu lat ion. T o be 
tJUbiished . 

cation graduall y slows, the population 
eventuall y reaches a level of 107 to 1O~ 
bacilli, or about 10 to 100 times tha t in 
normal mi ce. F urthermore, solidly staining, 
presumallly viable, baci lli continue to be 
present. Late in the course of these infec­
tions bacill ary in vas ion of nerves becomes 
frequent, and there is an interes ting spread 
to the other peripheral sites, that is, uninoc­
ulated feet, ears, and nose, and invasion of 
lymph nodes and bone malTow as well. 

The immunologic story seems to be that 
th e normal mouse reacts to the presence of 
M. leprae in the foot pad when it reaches a 
level of about 1 X lOG baCilli , and most of 
the bacilli are then killed . Presumably the 
reaction is mediated by the infiltrate of 
lymphocytes and macrophages that ap­
pears at about this time. (Mice that have 
been well vaccinated with BeG are able to 
react to a lower number of M. lepra.e and 
thereby impose a lower plateau,10) Thy­
mectomized-irradiated mice respond only 
imperfectly at this time, merely slowing the 
multiplication rather than stopping it. The 
continued multiplication of bacteria leads 
to invas ion of nerves, and . eventually 
enough bacteria enter the local lymphatic 
and vascular pathways to seed the other 
peripheral sites effectively. 

When thymectomized-inadia ted mice 
are inoculated intravenously with large 
numbers of M. leprae, the infection gener­
alizes much more quickly.7 Approxi­
mately 1010 M. leprae can be harvested 
from one mouse 19 months after infection, 
about 95 per cent of the yield coming from 
ears, nose, and foot pads. Significantly, the 
histopathologic findings in these in­
travenously inoculated mice resemble very 
much those seen in human lepromatous 
disease.:! In the heavily infected foot 
pads foam (Virchow ) cells are frequent, 
and bacilli are often found in perineurial 
and Schwann cells of nerves. The involve­
ment of skin may be comparable in all 
respects to that in human disease, and 
there may even be marked epidermal flat­
tening and a "clear zone" where bacilli are 

'"SHEPARD, C. C. Va cc ination ag~inst human lep­
ras\' ha cillils in fec t io ns of mice: Protection by nee 
g i\'cn during the in cubation period. J. ImmunQI. 
96 (1966) 279-283. 
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very few. Micro-colonies of bacilli in the 
volllntary muscle fibers are a prominent 
fea ture. The muco-perichondrium of the 
nose may be heavil y infected and bacilli 
shed into the mu cus. 

The other area of research has involved 
tests of the lepromatous patient's immuno­
logic capacity. As is well known, leproma­
tous patients fail to react to lepromin, hu t 
they react normally to suspensions of many 
other mycobacteria, including tubercle 
baci lli ( reviewed in 11). However, care­
fully controlled studies indica te that lep­
romatous pa tients have decreased sensi­
tivity to tuberculin .l:: The tuberculin re­
action is, of course, the classic example of 
delayed-type hypersensiti vity, and two 
studies have now been made of the lep­
romatous patient's ability to develop de­
layed-type sensitivity to chemicals. Normal 
p ersons are not sensitive to these sub­
stances, but they may be sensitized easily 
by exposure through the skin . It "vas found 
that lepromatous patients were markedly 
defi cient in their ability to develop sensi­
tivity to picric acid la and dinitrochloro­
benzene. H Apparently the situa tion is 
similar to tha t seen in other diseases with 
immunologic deficits; the ability to develop 
a new sensitivity is definitely impaired, 
even though the ability to manifest a preex­
isting sensitivity may persist. 

Lymphocyte transform ation in cultures 
in vitro from peripheral blood is a closely 
related phenomenon. 'When antigens to 
which the patients are sensitive (e.g., tu­
berculin ) are added to cultures of white 
cell s, a limited percentage of the small 
lymphocytes transform into large blast-like 
cells that are capable of mitosis. Another 
class of substances, such as phytohemagglu­
tinin ( PHA ) and streptolysin 0 (SLO ), 

" SI'IEPARD, C. C. a nd GU INTO. R . S. Immun ologi­
ca l id entifi ca ti o n of foo t-pad iso la tes as M ycobac­
laiul/l. lep rae by lepro min reacti vity in leprosy pa­
tie nts. J. E xpe r. Med . 118 (1963) 195-204. 

"GUINTO, R . S. a nd \I AII,\ LAV, M. C. A n ote o n 
th e 1I1be rculin reacti o n in leprosy. Inte rnat. J. Le p ­
rosy 30 ( 1962) 278 - 28~1. 

I'I B ULLOCK, W . E. Depress io n o f the d e layed -t ype 
all e rg ic res po nse b y leprosy. C lin . R es. 14 (1966) 
:137 (onl y) _ 

" \VA LDORF, D. S., SII EAC, REN, J. N. , T RAUTMAN , 
J. R . a nd B LOCK, J. B . Im pa ired de layed h yper­
sensiti vi ty in p a ti en ts with lep rom a to ilS leprosy_ 
La nce t 2 ( 1966) 773 -775. 

causes a large frac tion of the cells of nor­
mal persons to transform in a similar proc­
ess. It has now been reported tha t most 
patients with lepromatous leprosy have 
markedl y impaired lymphocyte transforma­
tion to PHA t:; and to SLO. t G Defec­
tive lymphocyte transformation has p revi­
ously hcen observed in chronic lympha tic 
leukemia, Hodgkin's disease, primary ac­
quired aga tnmaglobulinemia, and in ataxia 
telangectasia (see l fi and Ii for refer­
ences). These conditions are also marked 
by other immunologic defi ciences, includ­
ing impaired ability to develop delayed 
sensitivity. More recently depressed lym­
phocyte transformation to PHA has been 
observed in infants with congenital rubel­
b .n At first sight congenital rubella ap­
pears to be a more obvious parallel to 
lepromatous leprosy, because it also is an 
infec tious disease characterized by some of 
the fea tures of immunologic tolerance. 
IIo\vever, it is now sugges ted that the 
action of rubella virus is a direct one, since 
it can cause impaired lymphocyte trans­
formation when added directly to cultures 
of normal cells.ls Lymphocyte transfor­
mation in leprosy continues under inves­
tigation and a better notion of the mecha­
nism involved should be gained soon, since 
the procedure is relatively simple and 
rapid . 

Clarification of these immunologic 
phenomena is obviously important for the 
understanding of lepromatous disease. The 
very long persistence of leprosy bacilli after 
they have been killed by effective drugs 

-seems to be a related phenomenon. Ridley 
suggests that in treated lepromatous pa­
tients those with borderline fea tures rid 

"'DIERKS, R . E. a nd SI'IU 'j\ RD, C . C. Effect o f ph yto ­
he m agglilt inin and va rio liS m ycobac te ri a l a nti gens 
o n lymphocy te cultllres fro m lep rosy pa ti ents. })roc. 
Soc. Expe l'. Bio I. & Med . I n 1ness. 

lOSII EM.REN, J. N., BLOCK, J. 13 ., TRAUT~IA N, J. R. 
a nd W OLFF, S. i\L 1 mmuno logic reac tivity in le p ­
rosy. C lin . R es. 15 ( 1967) 300. 

" OLSON, G. B .. SOUTH, M . A. a nd GOOD, R. A. 
I'h ytohaem agglutinin unresponsiven ess o f lympho ­
cytes fro m ba bies with congenita l rllbella. Na lllre 
(Lo ndon) 214 ( 1067) 6!Hi -696. 

18MoNTCO~ I ER \" J. R. , SOUTII, M . A., R AWLS, \V. E .. 
M EI. NICK, J. L., OI.SON, C. 13., D ENT, P . B . a nd 
GOOD, R . A. Vira l inhibition o f lymphocy t.e respo n se 
to ph yto he m aggilitinin. Science 157 ( 1967) 1068-
1070_ 
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themselves of bacilli more rapidly than do 
those with pure lepromatous disease.1n 

Perhaps unrelated is the well-known ohsf' r­
vation tha t erythema nodosum leprosum is 
much more frequent in pat ients with pure 
lepromatous disease. 

These two areas of immunologic research 
in l eprosy~O are, of course, related. The 
mice have been shown to develop leproma-

'"RIDI.EY, D . S. A logari thmi c illd ex of ha ci ll i ill 
hiopsies. 2. Eva ill a tion. In termit. J. Leprosy 35 
(1967) 1 87 · 1 9~ . 

""Tl;le two areas were rev iewed and discussed ill 
Silver Spring. Maryla nd on 19 Octobe r 1967, in a 
Workshop on Immun ology o f Leprosy spon sored 
h y the U. S. l.e prosy Pa ll e l of t he IJ. S.·J apan Co ­
operative Medi ca l Sciellce P rogra m . Copies o f the 
a hst ra cts and bi bliogra ph ies from t h e Workshop a re 
a\ a ilab le from the Office of Inte rnational R esea rch . 
:-':ational Inst iltlt es o f H ea lth , Be thesd a , M a rY);lIld , 
( I.S.A . 200 1~ . 

tOlls-type infeclions \Vhen they arC" trea ted 
by a procedure ( thymectomy and irradi <l ' 
tion ) that prod1lces a profound and 10n)2: 
las ting immunologic depression, and the 
immunologic depress ion in lepromatous pa­
tients has been mOre clearly delineated by 
\Veil-known immunologic procedures. 

-Cn ABLES C. SHEPAHD, M.D. 

National Communicable Disease Center 
Bureau of Disease Prevention and Env iron-

mental Control 
Public Health Service 
U. S. Department of lIealth , Education , 
a nd W elfare 
Atlanta, Georgia 30333 
6 Feb1'llaf!} 1968 

Leprosy and Tuberculosis 

Analogies between leprosy and tubercu­
losis have been cited often, but are impor­
tant enough to warrant repetition for em­
phasis in the interest of progress in each 
fi eld. Differences between the two will 
probably prove of equal significance, and in 
the long nm knowledge of these may be 
more effective in promoting advances in 
understanding. 

The current issue of THE JOURNAL points 
up a number of elements in common in 
tuberculosis and leprosy, particularly in the 
fi elds of immunology, epidemiology and 
chemotherapy. Similarities in mycobacteri­
al etiology and to some extent in a granulo­
matous type of pathologic ti ssue response' 
are familiar facts , and a great deal of 
attention is given to immunologi c features 
as reRected in the tuberculin , lepromin and 
leprolin reactions, and cross reactions that 
occur throughout the mycobac terial fi eld in 
skin sensitivity and induced serum anti­
body response. 

Analogies in epidemi ologic in ves tigation 
are likewise familar. Studies of contact 

infection are basic in each field. Sharma's 
paper on household infection in the current 
issue of THE JOURNAL is a noteworthy ex­
ample. In practice the methods developed 
in surveys for leprosy are the ones first used 
with corresponding objectives in tubercu­
losis. This is not because of any fundamen· 
tal priority in thinking in tuberculosis, but 
rather because the tools used in tubercu­
losis surveys, particularly the tuberculin test 
and x-ray examination, are more readi ly 
applied, and more effective in diagnosis in 
the early stages of tuberculosis, than the 
procedures availab le in leprosy. 

The therapeutic and socially important 
product of epidemiologic and casefinding 
surveys, viz., separation of the infected 
from the well, for the protection of the 
latter, is well exemplified in each disease, 
but it is notable that the recognition of 
contagion and practice of quarantine in 
leprosy far antedated practice in tubercll­
los is. The leprosaria of antiquity and the 
Middle Ages came hundreds of years be­
fore the sanatoria for tuberculosis, which 


