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FOREWORD 

A n impo rta nt element of research progress as we know it today is the resea rch 
confere nce, especia lly o ne that is not too big or too fo rma l. T here is ra pid commu
nicati on a nd info rmed di scuss ion, both for mal a nd info rma l. Moreove r, in these 
days of increased joint a uth orship , much co ll a borati ve work is pla nned . 

T he past j o int U.S.-J a pa n leprosy resea rch co nfe rences have been ve ry useful 
in these ways, a nd thi s year's confere nce was no except ion. There was importa nt 
progress reported in the three principa l a reas of leprosy research- cultivation and 
transmiss ion, chemothera py a nd pha rmacology, a nd immun ology. We were es pe
cia lly pleased with the increased parti cipatio n by immun ologists, a nd we ho pe to 
see thi s parti cipa ti on grow in the future. 

The costs of trave l restri ct interna ti ona l participati o n, but we ho pe by publi shing 
these abstracts to ma ke the essentia l info rma ti on more wid ely ava ila ble. 

C HARLES C. S H EPARD, Chairman 
u. s. Leprosy Panel 
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Program of Leprosy Conference 

Feldman, Roger A. Leprosy in Lo uisia na, 
1855- 1970. Epid emi ologic study of long
term trends. 

A well-known foc us of leprosy in Lo uisi
a na was studied fro m 1855-1970. A decrease 
in incid ence was observed which bega n be
fo re the use of chemotherapy. Many of the 
cases had o nset in a limited area of Louisi
a na, French Lo ui sia na , a nd in thi s area there 
was a high incidence of mult iple fa mily 
cases. Overa ll a tt ack ra tes were fo und to be 
decreas ing for eac h cohort of birth, a nd with
in cohort s after 1920, the hi ghest att ac k rates 
were in the age gro up 10- 19. A high a tt ack 
ra te was fo und for cases diagnosed in the 
yea rs 1900- 1929, pro ba bly a res ult of better 
reporting. Alth ough persistent for a long 
peri od, the foc us remained lim ited in geo
graphic extent , a nd seems to be d isa ppea r
Ing. 

Hanks, J. H. and Dhople, A. M. Energeti cs 
of host grown micro bes. Phys io logic in
vestigati ons with M. lepraemurium as a n 
interim model fo r M . leprae. 

A TP provides a bio logica lly signi fica nt 
tool fo r qua ntitating either fun cti ona l bi o
mass or growth potentia l. Ultrasensitive de
tecti on of AT P plus a novel ex tracti o n of 
mi crobia l AT P have dec reased the hitherto 
required number of bacteri a l ce ll s 60-fold . 
A nonenzymatic, 400 time safety fac tor elim
inates host A T P. T hus, it is now poss ible to 
invest igate the energetics of host-dependent 
mi crobes. S pecifica ti ons of the A T P system, 
a nd the sensiti vi ty required for work with 
M. leprae will be given. 

The va lidity of A TP data from nonculti
va ted myco bacteri a was confirmed by mea ns 
of mi croscopica lly co unted M. lepraemurium 
ce ll s a nd pla te counted M. phlei cell s under 
identica l conditi o ns, which incl uded ce lls 
stressed a nd co nserved as will be outlined 
in the phys iologic studies below. One study 
a lone demo nstra ted so me 100 close re la tion 
ships betwee n AT P per a liquot and the num
ber of via ble ce ll s (functio na l bi omass) a nd 
co nsistent yields of A T P per cell (index of 
growt h potent ia I). 

M. lepraemurium. the least penetra ble of 
the pathoge nic myco bacteria, was used as a 

model while invest iga t ing two of the pri mary 
questions pertaining to host grown microbes. 
na mely the fo llowi ng: 

I. Whether a ll int racellul a r bacte ria a re 
lea ky. T he leaching ra tes of "in vivo-ty pe" 
and "in vitro-t y pe" ce ll mem branes was 
compa red , using M . lepraem urium a nd M. 
phlei cells de-energized a t 0.5 0 du ri ng t he 
diluti on steps in a procedure tha t pu rifies 
M . lepraemurium ce ll s. T he M . lepraemu
rium membra nes leached A T P ten times 
more ra pidly that those of M. phlei and re
ta ined o nly 66% of the initia l AT P. T his de
notes a di sast rous loss of smaller cofactors 
a nd meta bolites. 

2. Whether the leak iness of in t racellula r 
bacteria ca n be compensa ted by provid ing 
externa l supplies of micro bia l cofacto rs a nd 
meta bolites to equilib rate their meta bolic 
pools. Refr ige ra ti o n of M. lepraemurium for 
eight mo nths in a mi xture of mem brane sta
bili ze rs a nd mi crobia l cofacto rs co nserved 
93% of the origina l AT P per ce ll. Cells fro
ze n at - 760 reta ined 37%. Projected decay 
rates sugges t ed tha t the eq uil ibrat io n of 
meta bo lic pools may be superio r to freez ing 
during the first five yea rs of sto rage. 

A T P data have substa ntia ted reports by 
Rightsel a nd Wiygul a nd Ito a nd Kishi that 
M. lepraemurium is ca pa ble of slow cellula r 
growth when encased in di ffusion chambers 
incubated in the peritonea l cavities of mice. 
T his indicates that in vitro culti vation of M. 
lepraemurium should be feas ible as a n in
terim step in defining the physico-chemica l 
pa ra meters to be ma intai ned d uring similar 
investigati o ns with M. leprae. T he use of 
A TP data to define the functio na l biomass 
and growth potent ia l of M. leprae during 
the progress ion, regression a nd thera py of 
leprosy will be di scussed . - [T his invest iga
tion was suppo rted by the U.S .-J apa n Co
operati ve Med ica l Scie nce Program, admin
istered by the Nati ona l Institute of Allergy 
and Infecti ous Diseases of the Na tio na l In
stitutes of Health , Depa rt ment of Health , 
Education and Welfare, Gra nt A l-08866] 

v Broman, R. L. , Keele, B. B., Jr. and Tepper, 
( 

B. S . Enzymatic evidence fo r a n aerobic A 
meta bolism in M . lepraem urium. f¥ 

A majo r problem in the cult ivati on of M. 
lepraemurium a nd M. leprae has been to de-
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termi ne whether these orga ni sms are aero- in the presence of substrat e was measured) , 
bic or anaerobic. The probability of an ae ro- o r by the spectro photometric procedure 
bic metabolism for M. te/Jraem uriull1 was (where absorbance maxima of the quinones 
sup po rted by the reports of Mori et at [In- formed were determined) . S ince these meth
ternat. J. Leprosy 39 '( 197 1) 796J tha t ce ll- ods require large amounts of organisms 
free extracts co nta in b l and a r type cyto- which a re not readily available, more sens i
chromes. Mori et at [Interna t. J. Leprosy 39 ti ve technics had to be developed . 
( 197 1) 8 13J detected ma ny of t he enzymes I n the present st ud y, M. teprae was sep
associated with the tri ca rboxylic acid cycle a rated from leprous human spleen (removed 
in ex tracts of M. tepraell1urium, however, at a ut opsy), a nd from ti ss ues of armadillos 
these investigators, and late r Donowa ef at (which develo ped the spreading form of the 
(Leprosy Scie ntifi c Memoranda, Sept. 1972), infecti on, subseq ue nt to inoculation with the 
cou ld not detect pyr u vate dehydrogenase leprosy ba ci lli). The organisms were di s
and a -ketoglutarate dehydrogenase acti vi ty, rupt ed by ultras onic oscillation and the pa r
both enzymes esse ntia l for a n opera ti ve tri- ti cu late fraction was co ll ected by ultrace n
carboxylic acid cycle. In o ur studies of M. trifuga ti o n. The phen oloxidase activity was 
tepraemurium ex trac ts we have found bo th firmly bou nd to particulat e elements in the 
pyruvate dehydrogenase and a-ketogluta- bacteria l ce ll. In some ex periments, the en
rate dehydrogenase activi ty. These results, zyme was released into the superna tant frac
together with our radi o iso tope tracer studies ti on by trea ting the particles with the anionic 
[Tepper and Varma . .I . Gen. Microbiol. 73 detergent , sodium dodecyl sulfate. Tritiated 
(1972) 143J provid e evid ence of car bon flow DL-DOPA was used as substrate for assay 
from glyco lyti c pathways through acetyl- of o-diphenoloxidase of M. leprae and also 
CoA int o a co mplete tri ca rboxylic acid cycle. of mammalian a nd plant tyrosinases. In this 

Further evide nce of an aero bic metabo- procedure, the enzyme was incubated with 
li sm in M. lepraemurium is provided by our the 3H-labeled substra te. Oxidation of the 
demonstrati on of superoxide di smutase ac- triti a ted diphenol results in the formation 
ti vi ty. This enzyme a ppea rs to be vital to of radioactive water and quinone. Radio
microorga ni sms th at metabolize oxygen and, activity of the water was determined in a 
with catalase, has been found in all organ- Beckman LS-250 liquid scintillation counter. 
isms t hat contain cytochrome systems. The The results showed that the leprosy bacilli 
primary physio logica l function of superoxide readily oxidized tritium-labeled DOPA. The 
di smutase has been postulated to be the pro- radioisotope tracer technic being highly sen
tecti on of oxyge n metaboli zing organisms sitive, metabolic activities of M. leprae can 
aga inst the detrimental effects of the biolog- be studied , using sma ll amounts of material. 
ically produced superox ide free radical [Mc- The organisms obtained from leprous hu
Cord, Keele a nd Fridovich. Proc. Nat. Acad. man ti ssues, armadillo tissues and from 
Sci. 68 (1971) 1024]. Superoxide dismutase mouse foot pads oxidized D-DOPA, indicat
activity in M. lepraemurium is a t least four ing that the enzyme is distinct from tyrosi
times greater than the activities of the aero- nase present in mammalian melanocytes, 
bic organisms tha t have been tested and which is relatively specific for L-DOPA. 
twelve times the activit y found in M. phlei. / 

Mori, Tatsuo. Cultivation of M. lepraemu-
J Prabhakaran, K., Harris, E. B. and Kirch- rium on Ogawa's yo lk medium and prop-

heimer, W. F. Radio isotope assay of 0 - erti es of the cultivated M. lepraemurium. 
diphenoloxidase in M. leprae. 

Mycobacterium leprae separated from 
infected human skin , spleen and testes was 
shown to possess a characteristic enzyme 
which converted several phenolic substrates 
to quinones in vitro. No other mycobacteria 
tested so far showed o-diphenoloxidase ac
tivit y. The phenol oxidase in M. leprae was 
demonstrated by the Warburg manometric 
method (w here oxygen-uptake of the bacilli 

I. Primary iso lation of M. lepraemurium 
was highl y successful on Ogawa's medium 
under condition of low temperature and a 
long incubation . 

2. Five bacilli of cultivated M. lepraemu
r(um gave ri se to a leproma in the subcuta
neous ti ssue of the mouse. 

3. Result s of amidase test of cultivated 
M. lepraemurium were as follows: urease 
(- ), nicotinamidase (+), pyradinamidase (+). 
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4. Q0 2 of c ulti va t ed M. lepraemurium 
was 1. 7J.Ll j mg hou r. 

S. G lyce rin a nd sodium gluta mate were 
not ox idi zed with culti va ted M. lepraemu
rium by Wa rburg ma nometri c meth od . 

Dr. Ogawa reported the culti vati on of M. 
lepraemurium o n O gawa's yo lk m edium , 
however, the iso lati on coeffi cient is very lo w. 
As the growth of M. lepraemurium d oes not 
change at 37° Cor 33° C a nd the culture me
dium will be more sta ble a t 33° C tha n 37° 
C, we tri ed a prima ry iso la ti o n of M. leprae
murium a t 33° C. Ma int ena nce in low tem
pera ture may be adequa te to prevent a de
gradati on of culture medium fro m long-time 
in c ub a ti o n; fairly goo d res ult s we re o b
ta ined . Prima ry iso la ti on of M. lepraemu
rium was pos iti ve in ma teri a ls from nine of 
ten mice bearing subcuta neous murine lep
romas. The nega ti ve mo use a ppea rs positive 
now but I have not yet identified it. 

When culti vated M. lepraem uriul11 , pas
saged II generati ons, was inoculated into 
the subcuti s of mice, more tha n 104 bacilli 
were recove red fr o m a s ub cut a n eo us le p
roma. When the sa me bacilli were impla nted 
in the mouse peritoneal cavity in a millipo re 
fi lter chamber t ogether with mouse perito
neal cell s, a growth of M. lepraemurium was 
found in the diffusion cha mber. These M. 
lepraemurium grown in cell culture induced 
a subcuta neo us leproma with the inocula ti on 
of only fi ve bacilli . S ince the minima l infec
ti ve dose of a nimal passaged M. leprael11u
rium was fi ve bacilli , it is concluded that the 
passaged acid-fa st bacillus may be M. lep
raemuriUI11. 

The result s o f a midase test of the culti 
vated M. lepraemurium d esc ri bed in the 
summa ry was similar to tha t of M. avium. 
C ultivated M. lepraemurium did not ox idize 
glycerin and sodium gluta mate by the War
burg ma nometri c meth od; the result was the 
same in the case of in vivo grown M. leprae
murium. The Q0 2 of 1.7 J.Ll j mg hr o f cul
ti vated M. lepraemurium was compa ra ble to 
th e 4 J.L l j mg hr of in vivo grown M. leprae
murium. 

Nakamura, Masahiro. Facto rs a ffecting the 
growth of M. lepraemurium in the NC-S 
medium a nd a subculture tri a l. 

It is o bvio us from the pa pers a lready re
ported t hat M. lepraemurium is a ble to qua n
titatively multiply, without cell s, in the NC-S 

medium which is co mp ose d of e n ric hed 
Ki rc hner medium contai ning goa t se ru m a nd 
a -ketogluta ric acid , cytochrome C. hemin, 
as we ll as I-cysteine HC I. In additi on, it was 
noted that the pro paga ted bacilli ma in ta ined 
their pathogenicity t o mice cha racteri sti c of 
murine leprosy. No growth a nd no patho
genicity of bacilli culti va ted in the Kirc hner 
medium under the sa me cond iti o n as the 
NC-S medium were dem onstrated. 

In this pa per, some facto rs a re reported , 
es pecia lly the pH of the c ultu re med ium a nd 
the inoculum size, affecting the growth of 
bacilli in thi s cell -free med ium . 

Bacill i used were the Hawa ii an st ra in of 
M. lepraemurium ex peri menta lly developed 
in subcuta neous ti ssues of C) H mice. T he 
growth of bacilli was observed by the silicon
coated slide culture method a nd estimated 
by the bacilla ry counting method previously 
desc ribed . 

I . Optimal p H of the culture medium. T he 
pH of basa l media which a re enriched Kirc h
ner medium conta ining O.OOS% calcium pa n
tothenate was adj usted to 6.0, 6.3, 7. 0, 7.3, 
a nd 7. 6. After sterili zati on by autoclaving, 
additives such as goa t serum, a -ketoglutaric 
acid , cytochrome C , hemin, a nd I-cysteine 
HCI were aseptically added. T he best result 
was obtained when the bacill i, which were 
smeared on a silicon-coated slide, were in
cubated in the NC-S medium whose basal 
medium was adjusted to pH 7.3 . 

2. Relationship between the inoculum size 
and Ihe grOll'lh rale of M. lepraemurium . It 
was found that the increase of the number 
of bacilli culti va ted in the NC-S medium de
pended significa ntly upon t he inoculum size 
of the bacilli ; when the number of baci lli a t 
"0" t ime was 9.8 x 106 per ml of culture me
dium, the increase ra te was remarka bly low 
a nd indefinite. On the other ha nd , a smooth 
a nd definit e growth curve could be o bta ined 
when the sta rting number of baci ll i was 
9.8 x 104 , 100 times less tha n before, per ml 
of the medium . 

3. A subculture trial. T he sil icon-coated 
slide with smea r, culti vated in the NC-S me
dium. was tra n sfe rred to newly pre pa red 
NC-S medium everyone or two months. No 
tra nsfer gro up was used as co nt rol. After a 
tota l of six months' culti va ti o n, the growth 
pa ttern of each ex per im e nt a l group was 
compa red . T he result obtain ed a ppa rently 
indicated tha t a bunda nt multiplicati on of the 
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bacilli was observed when the slide was 
transferred to a fresh medium every month , 
whereas no mUltiplication took place in the 
case of transfer through the enriched Kirch
ner medium which wa's used as control. 

J Hirata, Tsunehiko and Nakayama, Tetsu. 
Origin of capsular structure around lep
rosy bacilli in the host cell. Electron mi-
croscopical observation . 

The purpose of thi s summary is to describe 
ultrastructural changes of M. leprae and M. 
lepraemurium during growth in their host 
ce ll s. . 

It was assumed that ·the process of cell 
division, in the case of both human and mu
rine bacilli , ge nerally took place as follows: 

At first , the divi sion site on the surface of 
the cell wall became weak, and then the cy
toplasmic membrane adjacent to this wall 
site distorted towards the center of the cy
toplasm. Thus, bridge formation occurred 
and some of mesosomes were arranged par
allel to the edge of bridge. They seemed to 
play a role in the organization of a cross 
wall. 

After the construction of a cross wall (sep
ta) , the old wall around the two new halves 
of the daughter cell separated and were re
leased from the new cell wall. 

The structure of these disrupted old walls 
disappeared gradual ly. Meanwhile, they re
mained only as a thin layer, called "inner 
boundary layer," and finally became amor
phous substances. 

On this basis, it can be postulated that 
the capsular structure around leprosy bacilli 
in lepromas mostly originates from the bac
terial side. - [This work is partially support
ed by a grant from U.S.-Japan Cooperative 
Medical Science Program and by useful sug
gestions from Dr. J. Hanks] 

Application of thi s technic to the study of 
human and murine leprosy bacilli revealed 
interesting findings. 

In the freeze fracture of human leprosy 
bacilli , the cleavage takes place at the outer 
surface of the cell wall. On the convex image 
of the bacillus, band structures are most 
often found on the surface of the cell wall. 
The fi brous texture of the cell wall is also 
clearly visible, but each fiber constituting 
the cell wall is about 70 A thick. On the con
cave cast of the bacillus, the band st ructure 
and fibrous structure are shown as shallow 
grooves in freeze fracture replicas. These 
fine structures on the concave cast of the 
bacillus disappear after freeze etching, and 
the surface becomes smooth. On the con
trary, convex bacillary cell walls do not 
change their cell wall texture after freeze 
etching. This proves that the concave cast 
of human leprosy bacilli is made up of the 
ice of glycerol-saline impregnating the tis
sue, and there is no cell wall material re
maining in the concave complementary cast. 

In freeze fracture of murine leprosy ba
cilli, the cleavage takes place between mul
tilayered crystallin.e membranous structures 
around the cell wall of the bacillus. Also the 
cell wall surface is often exposed where part 
of the membranous structures has been re
moved . The concave cast also shows mem
branous st ructures which do not disappear 
after freeze etc hing. Most of the band 
structures of murine leprosy bacilli are usu
ally not located on the outermost layer of the 
cell wall, but are shall owly em bedded in the 
cell wall. In such cases, a thin layer of fibrous 
structure of the cell wall covers the band 
structures. Thicker fibrous structure (180 A) 
is often observed on the surface of murine 
leprosy bacilli , and in such cases band struc
tures seem to be composed of the same 
fi bers. 

) Nishiura, Mitsugu. Complementary double Chang, Y. T. and Andersen, R. N. Animal
replica method for the study of human and ~ to-animal variations in the growth of M. 
murine leprosy bacilli. lepraemurium and M. leprae. 

The complementary double replica meth
od is a technic in which both complementary 
freeze fracture surfaces of the specimen are 
replicated. After preparing replicas of both 
fracture surfaces, convex and concave 
images of the same bacillus must be col
lected on the fluorescent screen of the elec
tron microscope. 

I. The animal-to-animal variation in the 
growth of M. lepraemurium was studied in 
a total of 14 stra ins of inbred mice. The in
traperitoneal inoculum consisted of 109 or
ganisms, and the growth was evaluated by 
estimation of the gross lesions of various 
si tes and organs three months later. Only 
the CBA / J strain of mice revea led a uni-
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form, highly reproducible growth among 
animals. 

2. More studies were made with the 
CBA / J mice, using the survival time of ani
mals as the criterion for growth evaluation. 
A total of 100 mice was used . The average 
survival time was decreased from two years 
to 127.8 ± 9.6 days . 

3. The effect of various doses of DDS was 
tested in CBA / J mice, using the survival 
time as the criterion for growth evaluation. 
The survival time was significantly increased 
by the lowest dose (0.001 %) in the diet (P< 
.052) . 

4. The animal-to-animal variation in the 
growth of M. /eprael11uriul11 in foot pads was 
st udied ina total of 16 inbred strai ns of mice . 
An inoculum of 5 x 103 organisms was in
jected and the bacterial counts were made 
five months later. Marked growth variations 
were observed, not only among various 
strains of animals, but also among the indi
vidual animals within the strain . The aver
age bacterial count per foot pad varied from 
3 x 100 to 50 x 106 organisms among various 
strains of animals. The difference between 
the lowest and the highest bacterial counts 
in the animals within each strain ranged 
from 4-fold to 266-fold. The standard devia
tions of bacterial counts of all 16 strains 
were very large, the lowest being 38% of the 
count. In eight strains the standard devia
tions were larger than the corresponding 
average bacterial counts. 

5. The effect of various doses of DDS was 
st udied in the foot pad- M . /eprael11 uriul11 

. model in two strains of mice. Only the larg
est dose used , 0. 1 % in the diet, showed an 
activity of statistical significance (P < .0 I). 
The foot pad model appears to be 100 times 
less sensitive than the intraperitoneal-sur
vival time model described in 3. 

6. The variations on the growth of M. 
/eprae in foot pads of CBAjJ mice were 
studied in one experiment. Organi s m s, 
5 x 103 (biopsy material from Surinam), 
were injected into the foot pads of both left 
and right hind legs. Bacterial counts made 
at intervals of one to two months revealed 
an average count of 1.8 x 106 organisms per 
foot pad at the end of nine months. The ef
fect of DDS, B663 and BI912 (0.01 % in the 
diet each) was studied. The bacterial counts 
varied markedly among the four animals of 
each group, and the standard deviation of 
each group was larger than the correspond-

ing bacteria l count. Although the average 
counts of all three treated groups were def
initely smaller than the control animals, the 
differences were not stati stically significa nt 
(P >.10). 

7. Two weeks after the above experiment, 
i.e., at the end of 9.5 months, another 20 
control animals were sacrificed and the bac
terial counts were made on both the left and 
right foot pads. Marked variations of the 
counts were observed not only from animal 
to animal (maximal difference of 143-fold), 
but also from left to right foot pads (maximal 
difference of 25-fold). The average bacterial 
count of the whole group (40 foot pads) was 
24.4 x 104 organisms. The standard devia
tion was 29.4 x 104, which was larger than 
the average bacterial count. 

It was concluded that the growth of M . 
/eprael11uriul11 and M. /eprae in mouse foot 
pads did not follow the normal (Gaussian) 
frequency distribution. Because of thi s find 
ing, interpretation of the results by stati stical 
a nalysis observed from foot pad experiments 
is doubtful. -'-[Aid ed partly by EmmaU s
Suisse through the World Health Organiza
tion] 

ieldsteel, A. Howard and Gartner, Susan. 
Murine models for the st ud y of M. /eprae 
infection. 

In our search for a suitable murine model 
for the study of long-term chronic M. /eprae 
infection, we have investigated the use of 
immunosuppressed mice a nd rat s. BALB/ c 
mice thymectomized at five to seven days 
of age were slightly more susceptible to foot 
pad infection with M. /eprae than intact 
BALB / c mice. In the latter, after inoculation 
with 7.6 x 103 M. /ep rae, the infection 
peaked at 1.6 x 106 organisms per foot pad 
four months after inoculation, whereas in the 
thymectomized mice, the peak of I x 107 

per foot pad was reached II months after 
inoculation . Thymectomized mice were also 
given various regimens of antilymphocytic 
se rum (ALS) for up to six months in weekly 
doses of 0.5 ml. Fifteen months after inocu
lation, the number of organisms in these 
thymectomized groups was still slowly in
creasing, with a high of 2.9 x 107 per foot 
pad. At that time, the number of organisms 
in the mice receiving no treatment beyond 
thymectomy had fallen to 2.2 x 106 , and the 
organi sms did not appear viable. 
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Growth of M . /eprae in the testes of 
BALB j c mice was erratic. No growth oc
curred in the te stes of intact mice, and 
growth in testes of thymectomized mice was 
detected only II months after inoculation 
(1. 7 x 107 per testis). I n the thymectomized 
ALS-treated mice, the maximum number of 
M. /eprae per testis was found between II 
and IS months after inoculation, and aver
aged between 5.7 x 106 and 1.9 x 107 per 
testis. 

The most promising result s to date are 
those using neonatally thymectomized rats 
inoculated intravenously with M. /eprae. 
Groups of these rat s were further treated 
with either antithymocytic serum for six 
months or given two doses of 350 r X-irra
diation four and eight months after inocu
lation. Neither of these additional treat
ments apparently had .any further enhancing 
effect on the infection by the 14th month 
after inoculation with 1.65 x 107 M. /eprae. 
At that time, the average number of M . 
/eprae in the tissues of the thymectomized 
rats was as follows: foot pads, 2.94 x 108; 

ears, 1.75 x 107; nose, 1.83 x 107; tail , 9.8 x 

108; scrotum, 1.33 x 106; testes , 1.15 x 106; 

body skin, O. No growth of M . /eprae could 
be detected in any of the same tissues of in
tact rats. 

It appears that the Lewis rat, with only a 
minimal amount of immunosuppression
namely, neonatal thymectomy- can be made 
highly susceptible to infection with M. /ep
rae. and thus may become an experimental 
model for the study of human leprosy. 
- [This work was supported by the U.S.
Japan Cooperative Medical Program. Grant 
AI-08417] 

Storrs, E. E., Burchfield, H. P. and Walsh, 
G. P. Report on the first four groups of 
armadillos to be inoculated with M . 
/eprae. 

During December of 1969 through June of 
1970, four groups of armadillos totaling 24 
animals were inoculated with leprosy bacilli 
obtained from various sources. The inocu
lum used for the first group did not multiply 
in the mouse foot pad controls nor did it 
produce leprosy in any of four animals in
jected with it. Therefore, these animals will 
not be considered further except to illustrate 
the longevity of the armadillo in captivity. 

The remaining three groups were inocu
lated with M. /eprae from two human 

sources and one mouse foot pad source. At 
least one animal in each group developed 
leprosy. Of the 20 animals inoculated with 
viable bacilli, seven (35%) developed lep
romatous leprosy as evidenced by the pres
ence of enormous numbers of acid-fast bacil
li, development of open lesions, and the for
mation of subcutaneous lepromas. In six of 
these seven cases diagnoses of lepromatous 
leprosy were substantiated by detailed his
topathologic examination following autopsy. 
The seve nth animal is still alive 40 months 
post inoculation . Two of the animals (10%) 
harbor acid-fast bacilli but have not as yet 
developed gross evidence of disseminated 
leprosy. However, one of these was not pos
itive for AFB until three years after inocu
lation, indicating that the disease develops 
very slowly in some cases. 

Six of the seven animals which developed 
lepromatous leprosy have died from the dis
ease or complications resulting from it and 
have been autopsied. The average time from 
inoculation to death was 28 months and the 
median time 31 months. Five of these ani
mals which died 26 to 34 months following 
inoculation yielded 854 g of lepromas con
taining an estimated 17 g of M . /eprae. An 
animal severely infected with leprosy which 
died IS months postinoculation had not at 
that time developed extensive lepromas. 

Holding a total of 24 armadillos for an 
average of 3.2 years would correspond to 
922 armadillo months. The six animals which 
died from causes related to leprosy reduced 
this figure to a net of 825 armadillo months. 
Six animals died from other causes during 
the experiment, reducing the total by 55 
months, or 7% of the net armadillo months 
available. The a'verage postinoculation life 
span of the six animals which died from 
other causes was 28 months. 

In addition to the first 20 animals which 
were inoculated with viable M. /eprae. other 
inoculated armadillos have developed lep
rosy. However, only these first three groups 
have been held long enough to estimate the 
severity and incidence of disease in adult 
wild-caught animals inoculated with bacilli 
unadapted to this species. 

Even after 3 to 312 years an endpoint has 
not been reached as is evidenced by the fact 
that a lepromatous animal is still alive 40 
months after inoculation, In addition, the 
two animals harboring AFB could still de
velop lepromatous leprosy given a longer 
incubation period. 
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J Binford, C. H. , Issar, S. L. , Storrs, E. E. and 
Walsh, G. P. Leprosy in the nine-ba nd ed 
a rmadill o (Dasypus novem cinctus). Sum-
ma ry of pos t-morten o bserva ti o ns made 
o n seven a nimals. 

The histo patho logic findings in the first 
armadillo that was infected with Mlicobac
terium leprae have been published ' [Kirch
he lm e r, W. F.. S t o rr s, E. E. a nd Binfo rd , 
C. H. I nterna t. J . Leprosy 40 ( 1972) 229-242]. 
We have now had the o pport unit y to stud y 
seve n m o re a rmadill os th a t o n a ut o psy 
showed severe, widely di ssemina ted infec
ti o n with M. ieprae. 

Hi sto pa th o logica lly the disease in these 
armadillos close ly dupli ca ted le pro mato us 
leprosy in ma n. Of specia l significa nce was 
the simil a rit y of the invo lvement of derma l 
and large nerves to lepromato us neuriti s in 
man . The le pr o ti c in vo lveme nt of skin 
lymph nodes. la rynx. nose a nd eyes resem~ 
bl ed huma n lep rosy. 

The les io ns of li ve r a nd spleen while his
to path ologica ll y si milar to lepro ma tous lep
rosy in ma n, were in the majorit y of the a r
madill os mo re severe tha n usua lly o bserved 
In ma n. ~ 

Pres umably beca use of the relatively low 
body temperature in the armadillo there was 
in severa l animals, leproti c invo lvement of 
lungs. meninges a nd in o ne a nima l exten
sion of the infecti on int o the submeningea l 
cerebra l co rt ex. 

In some of the a nima ls ma ny leproma to us 
nodules co nta ining la rge numbers of bacilli 

. were found in the loose ax illa ry a nd inguinal 
ti ss ues. a nd ove r the entire back undernea th 
the ca rapace. No bo rderline o r tubercul oid 
fea tures were observed in a ny of these a ni
mals. - [T hi s work was suppo rt ed in pa rt by 
Resea rch Grant CC-00476, Ce nter fo r Dis
ease Control. Atlanta, Geo rgia a nd by the 
U.S.-J a pan Coo pe rati ve M edi ca l Science 
Progra m administered by N IA IA (grants 
A I 7266 a nd 11 .620)] 

Sasaki , Norisuke and Namba, Masashi. His
to pa th o logica l studies on leproti c bulba r 
pa lsy. 

We have investiga ted the path oge nes is o f 
thi s di sease a nd previously reported o n the 
clinica l co urse a nd the pa th o logic studies of 
two cases of leproti c bulbar pa lsy. T he most 
seve re focus was found in the nucleus am
biguus show ing loca li zed minima l epitheli-

o id ce ll gra nulo mas a nd lymphocytic or mo
nocyti c in~iltra ti o n in the a reas o f the gra nu
lomas. WIth rega rd to it s path ogenesis we 
concluded tha t it is a hi sto logica l ma nifesta
ti on ca used by a n immunological reacti on 
between release of a n a ntigeni c substa nce 
o riginated from leprosy bacilli a nd prolifera
ti on of a ntibod y producing ce lls. T herefore, 
when the immunity of the hos t is tempora lly 
acce lerated, as in borderlin e cases, it is da n
gerous if a n a ntibi oti c o r treatment for ac
ce lera tio n of immunity is used care lessly. 

Res ult s of further invest iga ti o ns will be 
reported as follows: 

I. More definite histopa th ologic pa tt ern 
of the focus . 

2. A few gra nulated baci lli and some acid
fast gra nula r subs ta nce in the foci . 

3. Secondary demyelinatio n a nd axona l 
cha nges. 

4. No remarkable cha nges in the nucleus 
facialis. 

5. Corre la ti o n between bulba r cha nges 
a nd periphera l nerves. 

Rightsel, W. A., Sawyers, M. F. and Peters, 
J. H. C hem othera peutic acti vit y of sul
fones a nd rifampin on growth of M. iep
raemurium in macrophage diffusion cham
ber cultures. 

A cell-imp e rm ea bl e diffusion c h a mb e r 
technic has been developed that lends itse lf 
fo r growth studies of M. lepraemurium. This 
system now has been a ppli ed to chemother
a peuti c studies with thi s o rga ni sm since we 
previously demonstrated a seven- to nine
fold increase of ac id-fast bacilli (AFB) when 
di ffusion. cha mber cultures of macrophages 
were ma ll1tall1ed on monolaye r Petri pla te 
cultures of the ti ssue cell s. Hence, the tech
nic provides a method for an in vitro evalu
ation of anti leprosy drugs when not under 
the influence o r meta bolism of a n a nima l 
host. 

The sulfones, especially 4,4'-diaminodi
phenyl sulfone ( DDS), have been widely 
used in th.e treatment of leprosy, a nd more 
rece ntl y nfa mpin (RMP) has been shown 
to be a n effec ti ve a ntil e prosy drug. Also, 
th.ere h~ve been numero us reports dea ling 
WIth eVIdence of the in vivo formation of 
4-a mi n o-4'-ace t a m id od i ph e n y l s ui f 0 n e 
(.MADDS) from DDS as well as deacetyla
tl on of MADDS by the animal host indicat
ing a ba la nce between the process of acety-
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la ti on and deacetyla ti o n. As a res ult , it has 
not been csta bli shed whether MADDS pos
sesses inh e re nt a ntil e pro ti c activity, o r 
whether it must be hydrolyzed to DDS in 
order to ex press it s aeti vit y. In fact , it has 
been demo nstrated that MADDS is deacety
lated completely to DDS in the mo use [Levy 
et al. Proc. Soc. Exp. Bi o I. Med . 140 (1972) 
93 7] a nd , hence, there is no method to de
termine if this sulfo ne deri va ti ve it se lf is 
acti ve against ei ther M. leprae or M. leprae
murium. Therefore, these studi es have uti 
li zed the diffusio n cham ber technic wi th M. 
lepraemqrium in Petri pla te ti ss ue cultures 
to eva luate the chemothera peutic acti vit y of 
MADDS when o ut side the influence of the 
animal host. In additi o n, the acti vit y of R M P 
has been compared with the sulfo nes in thi s 
system. 

Res ult s of d ose response studies indica te 
th a t 0. 12 /.i g / ml DDS pa rti a ll y inhibit s 
growth o f M. lepraemurium, whereas 
MADDS a t thi s same concentra ti o n has lit 
tle or no effect. Also, R M P at 0.012 /.ig/ ml 
pa rti a lly inhibits growth of the organism 
using the in vitro diffusio n cha mber system. 
When equi va lent molecular weights of DDS 
a nd MADDS were compared fo r activity, the 
DDS suppressed growth of the AFB, where
as MADDS was inacti ve and permitted 
yields similar to the untreated control cham
bers. The ti ss ue culture fluid s were ana
lyzed for DDS and MADDS at each media 
change fo r six weeks. These a nalyses showed 
that no MADDS was formed in the samples 
containing DDS and that essentially no 
DDS was formed in the samples containing 
MADDS. 

These results indicate that the diffusion 
chamber technic can be adapted to evaluate 
the chemotherapeutic activity of antileprosy 
drugs against M. lepraemurium and provide 
for the first time a method to compare these 
drugs outside the metabolic influence of the 
animal host. - [This investiga tion was sup
ported by the U.S.-Japan Cooperative Med
ical Science Program admini stered by 
NIAID (grants R22-AI-080S I, -08214, NIH)] 

Murray, J. F., Jr., Gordon, G. R., Peters, 
J. H., Levy, L. and Prochazka, G. J. M e
tabolism and clearance of dapsone, mono
acetyldapsone and acedapsone in Filipino 
leprosy patients receiving acedapsone. 

To define the role of metabolism of the 

reposi to ry drug aceda pso ne (DAD DS, 4,4'
di ace ta mid odiph e ny l s ulfo ne) in le prosy 
chemoth era py, we studi ed 20 patients receiv
ing 225 mg of DADDS, intramu sc ul a rl y. 
Pl as ma leve ls of DADDS, mo noacetylda p
sone (MADDS), a nd da pso ne (DDS, 4,4'
diamin odiphenyl sulfo ne) were determined 
by modifica ti o ns of our ea rli er chromato
gra phic-flu orometric procedure [Murray et 
al. J . La b. C lin . Med . 78 ( 197 1) 464] now 
se ns iti ve to 0. 1 ng / ml. Pl as ma leve ls of 
DADDS, MADDS and DDS were measured 
biweekly beginning o ne week a ft er initia l 
DADDS trea tment. Mea n plasma levels of 
DADDS, MADDS and DDS were 6,23, a nd 
29 ng/ ml , respecti ve ly, at o ne week. Mean 
peak levels of 10, 36, a nd 45 ng / ml at three 
weeks decl ined slowly to mea ns of 5,23, a nd 
25 ng / ml a t II weeks. The DDS level was 
never less than 14 ng / ml in a ny pa ti ent. Dur
ing th e stud y period , DADDS was hydro
lyze d t o MADDS and DDS ex t e ns ive ly 
(2!:90%). The mea n acetylation of DDS to 
MADDS for a ll pati ent s fo ll owing DADDS 
trea tment was 42 ± 1% (S.E.) with a range of 
32-56%. The mea n ha lf-times of disa ppear
ance (T YJ ) fo r DADDS, MADDS, and DDS 
were 44, 54 and 50" days, respecti ve ly. 

Previously, we showed that the genetic 
polymorphism for the acetylation of sulfa
methazine (SMZ) also applies to DDS in 
Filipino subjects [Peters et al. Am. J. Trop. 
Med . Hyg. 21 (1972) 450]. To extend these 
observatio ns to DADDS treatment, we de
termined the acetylator phenotype of each 
patient to the current study after an oral 
dose of S MZ (10 mg / kg) . Determinations of 
the extent of SMZ acetylation in plasma 
showed that of the 20 subjects, 16 (80%) 
were rapid and 4 (20%) were slow acetyla
tors. Acetylation of S MZ was also measured 
in urine, and these values were found to be 
directly related to those found in plasma. 

Subsequently, DDS acetylation was deter
mined in plasma obtained 8, 24, 32, and 48 
hours after an oral dose of 50 mg DDS. 
These determinations also provided suffi
cient data points for calculations of the T YJ 
values of DDS and MADDS in these pa
tient s. The mean acetylation of DDS to 
MADDS was 33±2% (S .E.) and ranged 
from 24-48%, significantly lower than that 
found after DADDS treatment in the same 
patients. 

Acetylation capacities for SMZ and for 
DDS after either DDS or DADDS treatment 
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were all positively correlated, showing that 
the patient s' different acetylation capabi l
ities were also ex hibited after DADDS ad
ministration . No relationship was found be
tween acetylation capacity and the T Yl of 
DDS in these patients, which ranged from 
2 1 to 46 hours and averaged 31 hours. 

The bacteriologic response of the patients' 
M. leprae to the DADDS treatment was 
measured in the mouse foot pad test system. 
No relati o nship between response and any 
measured metabolic parameter was found . 

[Thi s work was support ed in part by the 
U.S.-Japan Cooperative Medical Science 
Program, N IAID Grant AI-08214] 

Gordon, G. R ., Murray, J. F., Jr., Peters, 
J. H., Russell , D. A . and Vincin, D. R. Plas
ma levels of sulfones in patients of Papua, 
New Guinea, receiving acedapsone. Cor
relation with clinical assessment. 

Since November 1967, the leprosy patients 
in the Karimui of Papua , New Guinea have 
bee n treated with 225 mg acedapsone 
(DADDS) every 75 to 77 days. In July 1972, 
nearly all the current 460 patients were bled 
immediately before the next regular injec
tion of DADDS, and some again about two 
weeks later. Heparinized plasma was imme
diately prepared in the field and shipped 
frozen to SR I's Menlo Park laboratories 
where the concentrat ions of DADDS, mono
acetyldapsone (MADDS), and dapsone 
(DDS) were determined by modifications of 
ou r chromatographic-nuorometric procedure 
[Murray et al. J . Lab. Clin. Med . 78 (1971) 
464] now sensitive to 0 . 1 ng j ml. 

We can now report results of these analy
ses in 286 patients who began DADDS treat
ment in November 1967. Of these, clinical 
assessment in December 1972 showed that 
259 patients exhibited paucibacillary, and 27, 
bacilliferous disease. I n the latter group, 
residual infiltration was noted in nine pa
tients . No significant differences were noted 
in the mean levels of DDS, MADDS, or 
DADDS in plasma obtained at 75 to 77 days 
from the different groups of patients. Levels 
of DADDS, MADDS, and DDS in all 2.86 
patients a t this time averaged 17.3, 26.0, 
a nd 30.5 ng j ml , respectively. The lowest 
leve l of DDS was found in 8.9 ng j ml, su b
stantially above the minimal inhibitory con
centration (MIC) of DDS for M. ieprae, 
which is a bout 4 ng DDS j ml [Peters et aI, 

Seventh U.S.-J a pan Cooperative Conference 
on Leprosy, T okyo, 8- 10 November 1972]. In 
plasma o btained from 85 patients (77 pauci
bacillary and 8 bacilliferous) two weeks after 
DADDS administration, again no disease
related differences were noted in the su lfone 
levels. Mea n levels of DAD OS, MADDS, 
and DDS for all 85 patients were 19.2,41. 1, 
a nd 47.4 ng j ml , res pecti vely. These results 
fr om both plasma samplings indicate that 
DDS levels do not fall bel ow the MIC of 
DDS fo r M. leprae a t any time during regu
lar trea tment with DADDS. 

Com pariso ns of these sulfone levels in pa
ti ents receiving DADDS for approximately 
five yea rs with the levels found in Filipino 
patient s a ft er initial trea tment with DADDS 
(Murray et aI, thi s conference) suggest that 
lo ng-term DADDS treatment yield s 2- to 3-
fo ld hi gher plasma levels of DAD OS, but 
only moderat ely higher leve ls of DDS and 
M ADDS. - [This work was suppo rted in 
part by the U.S.-J apa n Coopera tive Medica l 
Scie nce Program, administered by N IA ID 
(Contract N IH 70-2283)] 

Russell , D. S., Worth, R. M., Jano, B., Fasal, 
P. and Shepard, C. C. Acedapsone in the 
preventive treatment of leprosy. 

Trials of preventive treatment using oral 
DDS in children with household ex posure 
to lepromat ous leprosy ha ve shown only par
ti a l success in reducing the subsequent a t
tack ra te a mo ng these children, perhaps due 
to the difficulty of ma intaining consistent 
dosage ove r a lo ng peri od of time. During 
three yea rs (autumn 1967-autumn 1970) the 
entire popul ati on of a bo ut 1,500 Pingelapese 
people (Ponape, Micrones ia) with a high 
preva lence of leprosy (about 7%) was of
fered acedap so ne inj ec ti o ns eve r y 2Yl 
months (total of 15 injecti o ns in three yea rs). 
Annual leprosy examinations of the entire 
populati on ha ve been carefully d one since 
1967. The incid ence of new cases per six
month period has been: 

Num ber of new cases per six-mo nth r eriod 

5.5 
1963- 1967 
(5-yr ave.) 

I 

6 . 0 0.0 0 . 0 I 0 . 3 
1968 1969 1970 1971 

Period of mass DADDS 

1 . 1 

1972 
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Of the five new cases developing in 197 1-
72, four are among 648 people who had tak
en less than the full course of acedapso ne 
during the period of mass trea tment a nd o nly 
one is among the 923 'people who com pleted 
all 15 injections. The number of new cases 
is still too sma ll to test for significa nce of 
difference of ri sk between these two grou ps. 

Shepard, Charles C. Effects of the various 
co mbinati o ns of c lofaz imin e, dapsone, 
ethionam ide a nd rifampin o n M. /eprae. 

Several drugs a ppear now to be effective 
aga inst · M. /eprae in that they a re bacteri
cida l for M. /eprae as judged in kinetic ex
periments in mice a nd in short-term trials in 
ma n. Combina ti o ns of them may be more ef
fective in man than a ny of them used singly, 
so combinations were tested in mice in ki
neti c experiments to look for possible antag
onisti c or additive effects. The dosages used 
were: c10fazimine (B663) , 0.004%; dapsone 
(DDS), 0.0 I %; ethionamide (Eth), 0.1 %; ri
fampin (R M P), 20 mg/ kg. The first three 
were given as additions to the diet from the 
70th-9l st day after infection, and the last by 
gavage on the 90th and 9I st day. No strong 
interactions were seen. Among the combina
tions involving R M P, some increased growth 
delay was observed with six of the seven pos
sible combinations; among those not involv
ing R M P, increased growth delay was seen 
in one of the four poss ible combinations. 
In a n earlier experiment involving these four 
combinations [Interna t. J . Leprosy 40 (1972) 
33] additive effects were more common. 

There are objectionable features to B663 
and Eth so combinations of RMP and DDS 
are more likely. Since the rate of bactericide 
is much more rapid with RMP, the effects 
of timing were studied with RMP being 
given 0, 38, and 77 days after the start of 
DDS in a low dosage that caused bacterio
stasis but not much bactericide. R M P ap
peared to be fully active on the M. /eprae in 
DDS-induced bacteriostasis. 

The advantages of combinations of anti
bacterial drugs involve the following theo
retical mechanism: a) sequential action such 
as is seen with the synergism between the 
2,4-diaminopyrimidines and sulfonamides or 
sulfones; b) overcoming the effects of hetero
geneity in the microenvironment of the 
organism, that is, one drug may act in a lo
cation where another is not effective; c) 

overco ming the effects of heterogenei ty in 
the physiologic state of the organism, that 
is, a fraction of the bacteria esca pe one drug 
by virtue of a latent state in which, however, 
they may still be susceptible to a nother drug; 
a nd d) overcoming the effects of true drug 
resistance of genetic origin. Probably the 
ex perimental design tes ted only mechanism 
a) very effective ly. The o ther mechanisms 
probably were not ex plored beca use, with 
these drugs they invo lve only very small 
fractions of the bacterial pop ulatio n. - [This 
work was s upp o rt ed in pa rt by a n inter
agency agreement with the National Insti
tute of Allergy and Infectiou s Di seases. 
National Institutes of He a lth, under the 
U.S.-J a pan Cooperative Medical Science 
Program] 

Lzaki , Motoaki. Therapeutic trial of rifamr picin (RFP) combined with DDS therapy 
in lepromatous leprosy. Observation of 
twelve months. 

This trial has been ca rried out by 13 na
tional leprosaria and the National Institute 
for Leprosy Research since Octol?er 1971. 
Observations have' been made clinically, bac
teriologically, histopathologically and sero
logically at regular intervals through the 
trial. The present paper, however, is a report 
of our clinical observation. 

Pure lepromatous cases were selected and 
divided into following five groups, i.e., 
Group A, B, C and D. Group A consisted of 
untreated new cases and Group B of re
lapsed cases. Group C consisted of so-called 
resistant cases; they were divided further
more into C-I and C-2 according to the du
ration of their past treatment. Group C-I 
consisted of cases with poor improvement 
in BI though treated regularly for more than 
five years. Group C-2 showed worse clinical 
features after regular treatment of more than 
one yea r. Group 0 were cases who were 
confronted with blindness. 

The number of cases in this trial was 76. 
Numbers of cases in each group were as 
follows : Group A, 4; Group B, 9; Group C-l, 
55; Group C-2, 5; and Group 0, 3. 

We administered RFP 450 mg orally be
fore breakfast in a single dose. Two differ
ent methods of administration were adopted 
and compared; twice a week and six times a 
week. We made a rule to use DDS concur
rently with RFP except in Group D. The 
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dose of DDS was gradually increased and 
reached the maximum dose of 75 or 100 mg 
daily at the ninth week. 

Among the 76 cases, 40 cases finished the 
sc hedu led administration of RFP for 12 
months. Seventeen cases dropped from the 
trial for various reasons. In the remaining 
19 cases the treatment has not reached 12 
months yet. Clinical results of the 40 cases 
were as follows: 

sixth months after beginning administration. 
It is noticeable that these cases were found 
only in the two day group. This symptom 
was suspected to be an allergic reaction to 
RFP, but in some cases it was difficult to 
distinguish clinically allergic response to the 
drug from ENL. 

Gastric disturbances were the most fre
quent side effect during the treatment, but 
they were not so severe. Three cases com-

Two day method. 

Group Effective 

A 1 
B 6 
C-l 18 
C-2 1 
0 
Total 26 

Excellent 

(4) 
(7) 

( 11 ) 

No change Reaction 

( 1) 

( 1) 

Worse Total 

1 
6 

18 
1 
o 

26 

Figures in parentheses are doubly listed. 

Six day method. 

Group Effective 

A 
B 
C-l 13 
C-2 I 
0 
Total 14 

Excellent No change 

(3) 

(3) 

Reaction 

(2) 

(2) 

Worse Total 

o 
o 

13 
1 
o 

14 

Figures in parentheses are doubly listed . 

As shown in the above tables, all of the 40 
.cases who were given RFP for 12 months 
showed effective results. In Group C- I with 
poor response to sulfone treatment in the 
past, RFP was very effective. As for Group 
A, B, C-2 and 0 , even though their numbers 
were too sma ll to provide a clear conclusion, 
favorable results were also obtained. We 
could not find statistically significant differ
ences between the two day method and the 
six day method as to clinical effect, fall of 
BI and MI and frequency of ENL. 

The reasons why administration of RFP 
was stopped in 17 cases were as follows: 
ENL or eye complications in eight cases, 
borderline reaction in two cases, gastric dis
turbances in two cases, extra-medical rea
son in one case and high fever shortly after 
the intake of RFP in four cases. This symp
tom of high fever shortly after the intake of 
R FP was observed mainly in the fifth and 

plained of itching or paresthesia after intake 
of RFP. Transient increase of S-GOT and 
GPT values was observed in two cases. One 
case showed thrombocytopenia, which re
covered after the administration of RFP 
stopped . 

The fall of M I during the treatment was 
satisfactory in almost all cases. Decrease of 
BI in 12 months was slight but statistically 
significant. These data in detail and some 
clinical features of the patients in the course 
of treatment were shown at the conference. 

Hastings, Robert C. and Morales, Melvyn, 
/ J. Studies on thalidomide's site of action 

in erythema nodosum leprosum. 

From the clinical observat ions that thali
domide benefits erythema nodosum lepro
sum (ENL) patients within 24-48 hours 
[Sheskin, J. and Convit, J . Hautarzt 17 
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(1966) 548-549; Hastings et 01. Clin. Phar
macol. Ther. 11 (1970) 481-487], it may be 
assumed that the "rate-limiting" step(s) in
hibited by thalidomide most likely lie in the 
efferent limb of the humoral immune sys
tem or in the subsequent immunologically 
induced inflammation. Thalidomide inhibits 
various phases of carrageenan-induced rat 
paw edema [Winter, C. A., Risley, E. A. and 
Nuss, G. W. Proc. Soc. Exp. BioI. Med . III 
(1962) 544-547], a nonimmunologically me
diated inflammation . Carrageenan rat paw 
edema has at least three phases [DiRosa, M., 
Papadmitrion, J . M. and Willoughby, D. A. 
J . Pathol. 105 (1971) 239-256]. The edema 
developing one hour after carrageenan in
jection is largely mediated by mast cell con
tents, principally 5-hydroxytryptamine 
(5HT) and to some extent, histamine, and is 
inhibited by thalidomide. Thalidomide in
hibits both 5-HT and histamine in isolated 
perfused smooth muscle preparations, how
ever, the potent anti-5HT agent, methyser
gide, is not active clinically in ENL patients. 
Antihistamines are known to have little if 
any anti-ENL effect clinically. Thus, an anti
histamine or anti-5HT action does not ex
plain thalidomide's anti-ENL activity. 

The edema developing three hours after 
carrageenan is mediated primarily by brady
kinin [DiRosa et 01. Op. cit.] and perhaps 
complement [Willoughby, D. A., Coote, E. 
and Turk, J. L. J . Pathol. 97 (1969) 295-305], 
and is inhibited by thalidomide. Thalidomide 
does not significantly inhibit bradykinin in 
isolated perfused smooth muscle prepara
tions and has no demonstrable effect on com
plement activity in vitro or to decrease in 
vivo blood levels in rats, or in humans [Sag
her, F., Sheskin, J ., Zlotnick, A. and Turk, 
J. L. Internat. J. Leprosy 39 (1971) 541-553]. 
Thus, there is no evidence that an anti brady
kinin or anticomplement action accounts for 
thalidomide's clinical effectiveness in EN L. 

The edema developing six hours after car
rageenan is mediated by prostaglandins and 
polymorphonuclear leukocytes (PMN's) 
[Di Rosa et 01. Op. cit.] and is also inhibited 
by thalidomide. Thalidomide significantly 
inhibits prostaglandin E2 and prostaglandin 
F2a in isolated perfused smooth muscle 
preparations. Indomethacin and aspirin are 
potent inhibitors of prostaglandin synthetase 
[Vane, J . R. Nature (New BioI.) 273 (1965) 
1084-1090 and 1143-1149], however, they are 
of limited efficacy in ENL clinically. In ani-

mals depleted of PMN's by pretreatment 
with methotrexate, indomethacin inhibits 
paw edema developing six hours after car
rageenan while thalidomide is not active. 
Thalidomide's clinical action is thus prob
ably not due to inhibition of prostaglandins. 

The mechanism of PMN-mediated tissue 
destruction is ultimately lysosomal. Corti
costeroids presumably are effective in ENL 
as well as in other inflammatory conditions 
by virtue of stabilizing lysosomal membranes 
[Weissman, G. New Eng!. J . Med . 273(1965) 
1084-1090 and 1143-1149]. Thalidomide sta
bilizes light mitochondrial fraction rat liver 
Iysosomes in vitro in concentrations attain
able in vivo clinically. It has greater efficacy 
in stabilizing human liver Iysosomes in vitro 
in similar concentrations. On the basis of 
experimental evidence to date, we believe 
the most likely site of thalidomide's action 
in ENL is on lysosomal membranes. By sta
bilizing the M. leprae-containing phagoly
sosomal membranes of lepromatous macro
phages, thalidomide would reduce the 
release of the antigen presumably respon
sible for initiating ENL. By stabilizing the 
lysosomal membranes of PMN's, thalido
mide would inhibit the release of extracellu
lar enzymes responsible for the ultimate tis
sue destruction of ENL. -[Supported by the 
U.S.-Japan Cooperative Medical Science 
Program, Grant AI 10 103] 

Levy, Louis and Ng, Herman. Homologous 
4 and heterologous immunity in mouse foot 

pad infections with Mycobacterium mari
num and Mycobacterium leprae. 

Leprosy workers have studied the mecha
nism by which multiplication of Mycobac
terium leprae in the mouse foot. pad is 
limited for several reasons. A more detailed 
knowledge of this mechanism in the mouse 
may lead to a better understanding of the 
failure of this mechanism to operate in pa
tients with lepromatous leprosy, and might 
permit the testing of procedures designed to 
increase the immune responsiveness of lep
rosy patients. Such studies might also lead 
to a method of immunosuppression that 
would permit the development of better ani
mal models of human leprosy. 

Because of some of the practical diffi
culties encountered in studying M. leprae 
infection of mice, a model of this infection 
would be useful. The self-limited character 
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of the disease process that follows inocula
tion of mouse foot pads with Mycobacterium 
marinum, and the demonstration by Fenner 
[Am. Rev. Tuberc. 76 (1957) 76] of homol
ogous and heterologous immunity in this 
process suggests that studies of M. marinum 
infection of the mouse foot pad might pro
duce information useful in understanding M. 
/eprae infection. That M. marinum infection 
of the mouse foot pad is more easily studied 
than M. /eprae infection recommends it as 
a model for immunological studies. 

Preliminary experiments with M. mari
num were carried out to examine the cor
respondence between measurements of foot 
pad thickness and those of the numbers of 
acid-fast bacilli (AFB) and of colony-form
ing units (CFU). Although the measurement 
of foot pad thickness lacked great precision, 
it proved to be a good index of the numbers 
of AFB and CFU early in the course of the 
infection. No influence on the process by 
mouse age or sex could be demonstrated. 
As was shown earlier by Fenner [Am. Rev. 
Tuberc. 73 (1956) 650] inoculum size influ
enced the rapidity with which the process 
developed, but not its severity. 

Studies of homologous and heterologous 
immunity were then performed. As Fenner 
had already demonstrated [Am. Rev. Tu
berc. 76 (1957) 76], prior infection of one 
hind foot pad with M. marinum protected 
mice against challenge with M. marinum in 
the other hind foot pad. In addition, prior 
infection of one hind foot with M. marinum 
protected mice against challenge with M . 

. /eprae in the other hind foot pad. Similar 
experiments in which mice were first in
fected with M. /eprae produced interesting 
results. Prior infection of one hind foot pad 
with M. /eprae protected mice against chal
lenge with M. /eprae in the other hind foot 
pad; the protection was evident as early as 
90 days after the first infection. Prior infec
tion of one hind foot pad with M. /eprae pro
tected mice against challenge with M. mari
num in the same foot pad, but not in the 
other foot pad . 

Studies of protection by prior infection 
with Besnoitia jellisoni against challenge 
with M. marinum and M. /eprae, and studies 
of protection by prior infection with M. mari
num against challenge with Listeria mono
cytogenes have also been carried out. These 
will be reported separately [Krahenbuhl, 
J. L., Remington, J. S. and Levy, L. Paper 

presented at 8th Joint Conf.. on Leprosy, 
San Francisco, July 1973]. - [This work was 
supported in part by the U.S.-Japan Coop
erative Medical Science Program, adminis
tered by the Geographic Medicine Branch, 
National Institute of Allergy and Infectious 
Diseases, NIH , Bethesda, Md., Grant R22-
A107801] 

Evans, ~ichael J. and Levy, Louis. Cellular 
J response of the mouse foot pad to M. 

marinum. 

The purpose of this study was to deter
mine the cellular response of the mouse foot 
pad to an inoculum of Mycobacterium mari
num. Several workers have shown that M. 
marinum multiply quickly in the mouse foot 
pad, reach a plateau, and then decline in 
numbers as killing of organisms begins. The 
killing of organisms is thought to have an 
immunological basis. In the present study, 
5 x 103 organisms were inoculated in the foot 
pads of locally bred BALB / c mice. At daily 
intervals of 2 through 8 days and at II , 16, 
18 and 22 days the animals were sacrificed. 
Some foot pads were prepared for electron 
microscopy, and the others for determining 
growth curves. The results of studies con
cerning growth curves are presented in an
other paper. The present study describes 
changes in the foot pad at the light and elec
tron microscope level and compares them to 
previous results obtained from an M. /eprae 
infection in the mouse foot pad . 

At two and three days after inoculation, 
there was only a slight tissue response ob
served. This consisted of a few small cellular 
infiltrates composed of two cell populations, 
mononuclear macrophages and granular leu
cocytes. Only an occasional organism was 
observed. At four through eight days, there 
was a massive increase in the size of the cel
lular infiltrate and the number of organisms. 
This infiltrate was composed of mononu
clear macrophages and granular leucocytes 
and persisted throughout the 22 days 
studied . 

At the ultrastructural level, the organisms 
in mononuclear macrophages and granular 
leucocytes appeared solid. They were found 
contained in phagosomes and also free in the 
cytoplasm at three through eight days. Dur
ing this time the macrophages did not appear 
to be activated. By II days there was evi
dence of activated macrophages in the infil-
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trate. This was illustrated by an increase in 
Iysosomes a nd fu sion of the Iysosomes with 
organisms. This condition increased in in
tensi ty a nd by 18 days there were numerous 
examples of degenerating organisms in the 
cell ular infiltrate. Many of the cells were 
also degenerating. Ultrastructural changes 
such as these have been associated with the 
onset of cellular immunity. 

Compared to the M. leprae infection, sev
era l differences were noted : I) The persist
ence of granular leucocytes in the M. mari
num infecti on, 2) the presence of organisms 
free in th.e cytoplasm and also within phago
somes during the multiplication phase, 3) 
the occurrence of unusual Iysosomes at II 
through 22 days, and 4) the lack of foamy 
vacuoles in macro phages during the later 
phase of the infection. 

Krahenbuhl, J. L., Remington, J.S. and 
Levy, L. Studies of nonspecific resistance 
to Mycobacterium leprae and Mycobac
terium marinum associated with chronic 
infection with Besnoitia Jellisoni. 

In a previous prese ntation before this 
group, we reported that mice infected with 
the protozoan Toxoplasma gondii were 
markedly resistant to foot pad infection with 
Mycobacterium leprae. Moreover, a booster 
injection of toxoplasma antigen administered 
into the infected foot pad further enhanced 
resistance to M . leprae. In the present report, 
similar studies were carried out to test the 
effects of chronic infection with Besnoitia 
Jellisoni. on M. leprae infection in mice. 
BALB / C mice were challenged with 5 x 103 

M. lepare in both hind foot pads 40 days 
after infection with Besnoitia. Harvests of 
M. leprae 15 to 30 weeks after challenge re
vealed marked resistance to M. /eprae 
growth in Besnoitia-infected mice. M. /eprae 
multiplied in these mice, but at a rate much 
slower than in control mice. Whereas in con
trol mice the number of M. /eprae per foot 
pad 15 and 19 weeks postchallenge was 
4.3 x 105 and 1.8 x 106 respectively, the num- .l 
ber of organisms in the foot pads of Besnoi
tia-infected mice 15 and 22 weeks postchal
lenge was 2. 1 x 104 and 1.5 x 105 respective
ly. When s imilar experiments were per
formed to test for nonspecific resistance to 
foot pad challenge with Mycobacterium 
marinum in Besnoitia-infected mice, there 
appeared to be no effect. 

In relat ed studies, foot pad infection with 
M. marinum did induce significant resist
ance to systemic challenge with Listeria mo
nocytogenes. however. This resistance was 
transient , being lost by the 29th day after 
M. marinum infection. Whereas in our pre
vious report we observed that M. /eprae in
fection did not induce nonspecific resistance 
to sys temic cha llenge with L. monocy to-
genes. in the present stud y such resistance 
was dem o nstrat ed in M. leprae-infected 
mice when the mice were boosted up with 
M. marinul17 antigen five days prior to chal
lenge with Li steria . 

Navalkar, R. G., Levy, L., Patel, P.J. and 
Dalvi, R. R. Immunol ogic studies on lep
rosy- plaque-forming cells in mice im
munized with M. leprae. 

Plaque-forming cells (PFC) in the spleen 
of mice immunized with M. leprae cell ex
tract and also infected with M. leprae by the 
foot pad technic of Shepard were enumer
ated by localized hemolys is in gel , using 
sheep red blood cells (S R BC) coated with 
M. leprae cell extracts derived frof!1 infected 
human and armadiHo tissues and the various 
antigen positi ve fractions obtained by col
umn chromatography. In the primary re
sponse, the maximal level of PFC produc
tion was reached at ten days in both groups. 
Higher peaks of PFC levels were seen at five 
days in the spleen in the secondary response. 
The results in both groups appeared to par
allel each other despite one being a nonliving 
challenge and the other a mUltiplying infec
tion. The number of PFCs seen with the ar
madillo-derived cell extract coated S R BC 
were not significantly different from those 
observed with the SRBC coated with cell 
extract derived from human leproma, al
though such differences were noted with 
SRBC coated with other mycobacterial 
antigens. 

Yang, Hong-Yi and Skinsnes, Olaf K. Light 
and electron microscopic study of dermal 
hypersensitivity and leprous reaction in 
leprosy. 
Skin hypersensitivity tests of 42 leprosy 

patients (16 lepromatous and 26 tuberculoid) 
were studied with both light and electron 
microscopy. Four different antigens were 
used and a total of 63 skin biopsies (Table) 
were examined . 
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Tuberculoid Lepromatous 

Dharmendra lepromin 
Mitsuda lepromin 
Tuberculin (PPD) 
BeG 

Total 

20 
8 
7 
6 

41 

6 
I 
8 
7 

22 

Biopsies were taken at intervals from 24 
hours to four weeks after the challenge. Re
sults revealed the following changes: 
A. Lepromin tests- (Oharmendra and Mit

suda) 
I) Early reactions to lepromin in both tu

berculoid and lepromatous patients 
were perivascular fibrin deposit ; lysis 
of basement membrane of venules and 
capillaries; hypertrophy of endothelial 
cells; infiltration by polymorphonu
clear leukocytes; and increase of in
terstitial mast cells and degranulating 
mast cells. 

2) Moderate and prolonged vascular 
damage occurred only in tuberculoid 
patients. 

3) Late reaction (after two weeks) was 
seen only in tuberculoid patients. It 
consisted primarily of a dense infiltra
tion of lymphocytes and an increase in 
mast cel1 degranulation and disrup
tion of collagen tissue. Macrophages 
were infrequently seen but those pres
ent were characterized by enlarge
ment of the Golgi apparatus and hy
perplasia of endoplasmic reticulum. 

4) Cel1ular infiltrates in the lepromin re
action regressed rapidly in leproma
tous patients leaving occasional1y dis
cernible smal1 clusters of vacuolated 
macrophages and swollen fibroblasts 
at perivascular areas. 

B. PPO tests and BCG inoculation 
Skin reactions to PPO and BCG were 
not consistent in relation to the lepromin 
tests in either the lepromafous or the tu
berculoid patients. Reactive cases in both 
lepromatous and tuberculoid patients 
showed a predominant lymphocytic re
sponse and tissue mast cell response to 
PPO tests and a predominant epithelioid 
cell response to BCG inoculations. Two 
lepromatous patients reacted with an un
usual nodular accumulation of vacuo
lated and foamy reticuloendothelial cells 
at second and third weeks after BCG in
oculation. These vacuolated cells con-

tained intracytoplasmic lipid droplets, 
myelin-figures and degenerated bacil1ary 
debris. 

A compari son was made between these 
induced dermal allergic responses and lep
rous reactions of five tuberculoid and eight 
lepromatous patients. There were remark
able morphologic similarities. The immuno
pathologic relationship of these results will 
be discussed . 

J Smith, G. S., Walford, R. L., Prochazka, G. J. 
and Shepard, C. C. Histocompatibility an
tigens in leprosy. 

An association between H L-A antigens 
and the occurrence of a variety of di seases 
has been demonstrated . In particular some 
of the diseases have a clearly demonstrated 
hereditary component, such as certain exam
ples of psoriasis (H L-A 17) while some have 
an origin or component of disturbed immune 
function, such as lupus erythematous (HL
A8, WI5), and Hodgkin's disease (HL-A5, 
WI8). 

The documented disturbances of immune 
function in leprosy, and the differences of 
immune disturbance between lepromatous 
and tuberculoid leprosy warranted a search 
for possible associations with HL-A an
tigens. 

Materials and methods. Blood specimens 
of 50 normal Filipinos and 82 patients of the 
Cebu region were sent to Los Angeles where 
lymphocytes were isolated and stored in liq
uid nitrogen until tested. Microlymphocyto
toxic testing was used to identify 26 main 
H L-A specificities and some additional sub
divisions using sera of the Vth International 
Workshop. Leprosy patients were identified 
and classified as to type by the Cebu lepro
sari urn staff. 

Results. The H L-A antigen frequencies of 
the controls, total patients and the leproma
tous and tuberculoid sUbtypes are compared 
in Table 1. No statistically significant differ
ences in antigen frequencies are seen be
t ween the controls and total patients or 
those with the tuberculoid form of the dis
ease. The patients with lepromatous disease 
differ from the controls in that HL-AlO [and 
subgroup HL-AIO.2 (W26)] is increased, 
p < .05 uncorrected. A similar increase of 
H L-A4, P < .05 uncorrected , is noted in the 
patients with lepromatous disease when 
compared to the normal Filipinos. H L-A5 
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T ABL E I . Frequencies of H L-A antigens of the first locus among 
normal Filipinos and patients with Hansen's disease. 

Patients 
Ce bu 

1974 

controls Total Lepromatous Tuberculoid 

HL-A N = 50 N = 82 N = 38 N = 44 

antigen percent percent percent percent 

HL-AI 0 1.2 2.6 0 

HL-A 2 16 22.0 15.8 27 .3 

HL-A3 2 1.2 0 2.3 

HL-A9 62 69.5 76.3 63 .6 

HL-AIO 16 30.5 36.8 25.0 

W25 0 2.4 0 4.6 

W26 14 29.3 34.2 25.0 

HL-AII 30 47 .6 44.7 50.0 
WI9 22 20.7 15.8 25.0 

H L-A4(4a) 50 67. 1 73.7 61.4 

H L-A6(4b) 72 68.3 63 .2 72.7 

Ita licized comparisons. p < 0.05 uncorrected . 

TABLE 2. Frequencies qf H L-A antigens qf the second locus among normal 
Filipinos and patients with Hansen's disease. 

Cebu 
Patients 

controls Total Lepromatous Tubercu loid 
HL-A N = 50 N = 82 N = 38 N = 44 
antigen percent percent percent percent 

HL-A5 4 8.5 
W5 0 1.2 
WI8 2 3.7 

HL-A7 2 7.3 

HL-A8 0 0 

HL-AI2 2 2.4 

HL-AI3 4 0 

HL-AI4 0 0 
WI5 (LND) 26 34.2 

HL-AI7 8 8.5 

HL-A27 8 

Italicized comparisons, p< 0.05 uncorrected. 

is not significantly different between the 
controls and total patients, but there is a 
clear difference in H L-A5 frequency between 
the two types of leprosy, p< .05 uncorrected, 
Table 2. When the p value of all the above 
findings are corrected for the number of an
tigen s examined the differences are not 
statistically significant. 

Discussion. The enigmas of leprosy are 
numerous. Skin reactions to lepromin and 
serum antimicrobial antibody titers among 
normal individuals in endemic areas have 

1.2 

0 15.9 
0 2.3 
0 6.8 

5.3 9. 1 

0 0 

2.6 2.3 

0 0 

0 0 
36.8 31.8 

10.5 6.8 

0 2.3 

shown some predictive value in determining 
the degree of individual suscepti bility and 
the type of leprosy contracted. Evidence 
exists of an hereditary or familial pattern in 
these immune reactions. Furthermore, indi
viduals with lepromatous leprosy have cir
culating a ntimicrobial antibodies and im
mune complexes, and partial loss of cellular 
immune function which are not found in per
sons with tuberculoid leprosy. Changes in 
individual cases from the tuberculoid to the 
lepromatous forms of the disease, are accom-
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pa nied by the a bove immune functi on alter
atIOns. Pa rtial reversa l of these cha nges has 
been o bserved in some cases of leproma to us 
leprosy brought under adequate control by 
drug thera py. On the basis of these o bserva
tions it wa s felt that ex amina tion of the 
H L-A antigens among patients with Han
sen's disease would be informative. 

Compariso ns of the Cebu control po pula
tion to the tota l patients and each form of 
the di sease revealed no statistically signifi
cant differences in H L-A antigen frequencies 
when corrected for the number of antigens 
tested. Uncorrected values do show an in
creased frequency of HL-AIO and subtype 
H L-A 10.2 (W26) in the total patients and 
particularly in those with the lepromatous 
form of the disease. 

H L-A 5 is the o nly a ntigen in thi s study 
with possible importa nce in di stinguishing 
between the lepro matous and tuberculoid 
fo rms of leprosy. While the corrected p value 
is no t signifi ca nt, additi o nal cases and con
trols might confirm thi s suggestion. Consid
era ti on of the 4c cross- reacting gro up of 
HL-A5 , W5 a nd poss ibl y Wl 8 (Tabl e 2) 
shows a n even mo re pro nounced difference 
between the pati ents with the two polar 
fo rms of the di sease. 

In retros pecti ve studies of thi s type the 
cho ice of a n a ppropriate control popUlation 
prese nt s special probl e m s of sel ection. 
Hence, one can expect to find only gross dif
ferences between patients and normal indi
vidua ls of simila r genetic o rigin. This prob
lem is es pecia lly pronounced when dealing 
with a highl y polymorphous antigen system 
such as H L-A a nd the rela ti vely limited num
ber of pati ent s availa ble. 

Simila r st udies of additiona l populations 
of different H L-A genetic composition a re 
required t o determine if H L-A plays a ny role 
in susceptibility to Ha nse n' s di sease, or if it 
influences the propensity for the di sease to 
be ma ni fes t in the tuberculoid or leproma
tous form . 

J Morrison, N. E., Congdon, C. C. and Collins, 
F. M . Specific reca ll immunity in the T-cell 
defici ent m o use. 

Previous work had indicated tha t T -ce ll 
defici ent mi ce produced by thymectomy and 
irradiati o n plus bone ma rrow reconstitution 
were unable to survive intraveno us cha llenge 
with vaccinating d oses of BCG. The mo rta l 

BCG infec ti o ns were co nsistent with a n a b
sence of a ntimyco bacteri a l immunity t o a t
tenuated o rga ni sms due to lack of adequate 
numbers of spec ifi ca ll y committ ed sma ll 
lymphocytes necessa ry fo r the media ti on of 
a n acti vated macro phage populatio n. 

This pa per foc uses o n the questio n of 
whether T-cell defi cient a nima ls were a ble 
to develo p enha nced immunity recall or im
munologic " memory" to myco bacteri a l re
infecti on. Fo r thi s purpose no rma l a nd T-ce ll 
defi cient a nima ls were BCG cha llenged by 
th e ae rogeni c ro ute a nd at the a ppropri a te 
ti me rec ha llenged with the vi rulent Erdma n 
stra in of M. tuberculosis. Diffe rentia l pla te 
co unt s of via ble o rga ni s m s a nd m eas ur e
me nt s of d e laye d-t y pe hy perse ns iti v it y 
(DT H) indica ted very clea rl y tha t the T-ce ll 
deficient a nima l was una ble to develop a ny 
signi fica nt reca ll immunit y o r periphera l 
DT H o n subseque nt recha llenge . T hese data 
thus a re co nsistent with a T-ce ll ro le in the 
d eve lo pm e nt of a ntim yco bac te ri a l reca ll 
immunit y. 

Congdon, C. c., Payne, H . S., Gengoziare, N. 
v and Urso, P.· F urther stud ies o n the thy

mectomi zed radiati on chimera . 

Und er a n I nteragency Agreement bet ween 
the USA EC a nd N IH , th ymectomized radia
ti on chimeras a nd va rious contro l mice pro
duced in Oa k Rid ge were sent to inves tiga
to rs working on leprosy o r cl ose ly rela ted 
di seases. Additi ona l ex pe rimenta l a nd co n
trol BC3F 1 mice were kept in Oa k Ridge for 
immune sta tus determina ti on. During the 
three yea r peri od of the agreement 3947 ex
pe rim e nt a l a nd 3532 co ntr o l mi ce we re 
shipped to s peci a ll y d es ig na t ed le prosy 
workers. Immune sta tus of mice kept in Oak 
Ridge invo lved study of morta lity, a utopsy, 
skin graft rejecti o n a nd se rum a ntibody re
sponse. C umulati ve mo rta lity in 124 ex peri
menta l mice showed - 25% morta lity a t 360 
days a ft er thymectomy a nd 50% mo rt a lity a t 
415 days. Eighty-five percent of ex perime n
ta l mice were dead a t 545 days. During thi s 
sa me peri od only 5% of 146 co ntro l mi ce 
died . Ex perimenta l a nima ls examined a t 18 
months after thymectomy a nd irradiati o n 
still showed the effect of thymecto my o n 
lymphatic ti ss ues a t a ut opsy. At the sa me 
time interva l there was delay in skin a ll o
gra ft rejection a nd serum a ntibody produc
tion was still not equa l to the contro l a nima l 
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level. Extreme wasting in experimental miee 
was occasionally observed . Preliminary evi
dence indicated that the thymectomized ra
diation chimera is especially susceptible to 
mouse hepatitis virus: A histologic study of 
white pulp blurring and germinal center 
production in experimental animals showed 
these cellular immune parameters to be 
markedly reduced when a planned antigenic 
challenge was presented . When the thymec
tomized radiation chimera was produced us
ing allogeneic marrow instead of the usual 
syngeneic material an unusually low serum 
antibody production to red blood cells was 
obtained . Antibody response in vit ro in thy
mectomized radiation chimeras made with 
allogeneic marrow was less than those made 
with syngeneic marrow. - [Research jointly 
sponsored by USAEC and NIH under co n
tract to Union Carbide Corporation] 

Abe, M., Minagawa, F. and Yoshino, Y. 
Studies on fluorescent leprosy antibody 
absorption (FLA-ABS) test. The change 
of antibody titer in relation to clinical 
pictures. 

The indirect fluorescent antibody technic 
was applied to the detection of anti-M. lep
rae antibodies which remain in leprosy se
rum after absorption of cross-reactive anti
bodies to the other mycobacteria. Since this 
test, named FLA-ABS test, was found to be 
specific to leprosy, further investigation has 
been initiated for the purpose of establishing 
a new serodiagnostic test and of clarifying 
the immunopathologic significance of this 
antibody. 

The average antibody titer was slight ly 
higher in untreated new lepromatous cases 
than in relapsed or unimproved lepromatous 
cases under treatment and much lower in 
inactive lepromatous cases in retrogressive 
or quiescent stages. In borderline leprosy, 
the titer was variable with respective cases, 
the average being nearly the same as that of 
inactive lepromatous cases but sti ll higher 
than that of tuberculoid. 

Most of active lepromatous cases were 
treated with the combi ned use of DDS and 
rifampicin under the team on "a therapeutic 
trial of leprosy with rifampicin" in national 
leprosaria and the antibody titers were ex
amined at three month intervals for a period 
of one year. The antibody titers tend to drop 
clearly up to the sixth or ninth month with 

the improvement of symptoms, as reported 
separa tely. However, the titer showed some 
increase at the twelfth month. A similar con
cave curve of antibody titer was frequently 
observed in the patients who got ery thema 
nodosum leprosum (ENL) during the treat
ment. 

The antibody titers of some patients with 
ENL or borderline reaction were examined 
by means of fluorescent antibodies mono
specific to IgG, Ig M and IgA , respectively. 
IgG antibody was found in six of eight pa
tients with ENL, while the rati o was 10/ 21 
in lepromatous patients without ENL. How
ever, the ratio of anti body titers, IgM jlgG, 
was not significantl y different between the 
two groups. IgA antibody was found in a pa
tient who experienced borderline reaction 
during the treatment with DDS and rifam
pICIn. 

Park, B., Good, R. A. and Lim, S. D. St udies 
with the NBT dye reduction test in lep
rosy. 

The nitroblue tetrazolium dye test has 
proved to be an .extremely useful clinical 
test for distinguishing bacterial from non
bacterial infections and bacterial infections 
from a variety of mesenchymal and malig
nant diseases. It thus seemed of interest to 
study the nitroblue tetrazolium dye test in 
patients with various forms of leprosy. We 
had hoped that the NBT test might prove 
useful in evaluating therapy and the extent 
of systemic involvement in this disease. To 
our astonishment, we found that the NBT 
test was negative in all forms of leprosy in
cluding the lepromatous form. In tuberculo
sis the NBT dye test is positive in active and 
progressive disease and particularly in the 
miliary form. Thus, in leprosy where exten
sive phagocytosis is present, we encounter 
a bacterial disease, involving extensive pha
gocytosis in which the NBT dye test is not a 
reliable indicator of the preserice of the bac
terial infection. Nor is the phagocytic process 
associated with this form of bacterial disease 
revealed as in the phagocytic process with 
other bacterial disease. 

Although further studies are needed to 
assess the basis of this observation, it seems 
likely that lack of involvement of the poly
morphonuclear leukocytes in the phagocytic 
process in leprosy is revealed by these find
ings. This finding may have importance in 
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the therapy of leprosy since the polymor
phonuclear leukocytes exclude all antibi
otics, including rifampicin and thus protect 
intracellular organisms which they have in
gested, from killing by antibiotics. But the 
lack of involvement of the polymorphonu
clear leukocytes in the phagocytic process 
in this disease is not due to depression of 
cells themselves since they respond vigor
ously after stimulation with endotoxin. 

Han, S. H., Weiser, R.S., Wang, J.J., Tsai, 
J L.c. and Lin, P.P. The behavior of lep

rous lymphocytes and macro phages in the 
macrophage migration-inhibition test. 

The male volunteers studied included 16 
tuberculoid and 22 lepromatous patients and 
IS healthy subjects ranging from 30 to 50 
years of age. All patients were or had been 
under treatment with DDS or B663; their 
disease status was judged by skin biopsy, 
physical findings and the lepromin test. 

Collection of human lymphocytes and 
macrophages and guinea pig macro phages 
was accomplished by procedures in common 
use. The test medium was medium 199 sup
plemented with 20% heat-inactivated normal 
human AB serum. The leprolin was prepared 
by sonification of bacillary concentrates from 
biopsy specimens (not treated to kill the or
ganisms) followed by millipore filtration 
(0.45.u). The migration-inhibition tests were 
conducted by the standard procedures of 
David, Thor, and Dray. 

Migration indices of normal guinea pig 
. macro phages in the presence of leprous 
lymphocytes and leprolin (100 ,ug/ ml) 

. showed that whereas migration of macro
phages was depressed 20% in the presence 
of tuberculoid lymphocytes, no significant 
depression occurred in the mixtures contain
ing lepromatous lymphocytes or the control 
normal lymphocytes. This result indicated 
that only tuberculoid lymphocytes were sen
sitive to leprolin. Migration indices of lep
rous monocytes in the presence of tubercu
loid lymphocytes and leprolin showed that a 
uniform depression of migration of 20% oc
curred in all three mixtures containing 
lepromatous, tuberculoid and normal macro
phages respectively. This result indicated 
that macrophages of a ll three kinds (tuber
cu loid, lepromatous and normal) were uni
formly responsive to M I F. 

Migration indices of leprous and normal 

monocytes in the presence of normal lym
phocytes and leprolin were unaffected and 
indicated that normal lymphocytes are not 
sensitive to leprolin, that leprolin is not toxic 
to monocytes and that in the absence of MIF 
all three kinds of macrophages migrate uni
formly and normally. 

Results similar to those above were ob
tained using leprous monocytes in the pres
ence of lepromatous lymphocytes and lep
rolin except that for inapparent reasons the 
migration of tuberculoid monocytes was 
slightly but significantly depressed. 

The results indicate that, whereas tuber
culoid lymphocytes are specifically sensitive 
to leprolin and can produce MIF in its pres
ence, lepromatous lymphocytes are not sen
sitive to leprolin and fail to produce MIF in 
its presence. The results also indicate that 
lepromatous and tuberculoid macro phages 
are not lacking in their capacity to respond 
to M I F. - [This investigation was supported 
by the U.S .-Japan Cooperative Medical Sci
ence Program, administered by the National 
Institute of Allergy and Infectious Diseases 
(Grant No. AI-OS211) of the National Insti
tute of Health, Department of Health, Edu
cation, and Welfare, USA, and a grant from 
the National Science Council, Taipei, Tai
wan, Republic of China] 

Rocklin, Ross E. and Brouillard, Robert. 
J Lymphocyte and monocyte function in pa

tients with Hodgkin's disease. 

It has long been appreciated that patients 
with Hodgkin's disease develop a defect in 
cellular immunity. Although the exact nature 
of this defect has not been well-defined some 
investigators have suggested that thymus
derived lymphocyte function is depressed. 
However, it was recently demonstrated 
(Churchill et ai, Internat. Symposium on 
Hodgkin's Disease, 1972) that in vitro lym
phocyte function (macrophage MIF produc
tion and lymphocyte transformation) may be 
normal in some Hodgkin's patients with 
cutaneous anergy. These results suggested 
that perhaps a defect in mediator production 
other than M I F, an abnormality in macro
phage function, or in the inflammatory re
sponse per se might account for their cutane
ous anergy. In the present study the produc
tion of lymphocyte mediators (MIF and 
chemotactic factor for macrophages), activa
tion of blood monocytes by lymphocyte me-
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di a t o rs, a nd th e inflammatory response 
fo llowing application of croton oil was eval
uated in 15 untreated patients with Hodg
kin's di sease. 

Five o f the pati ent5 we re fo und to be re
sponsive to one o r more skin test a ntigens 
( PPO a nd S K-S O) a nd ten were found to be 
unres po n sive to these a ntige ns. Lympho
cytes from skin test pos iti ve pa ti ents pro
duced MI F a nd tra nsformed in vitro in re
s p o nse to PPO a nd S K-S O t o th e sa m e 
exte nt as skin tes t pos iti ve no rma l subjects. 
Lymph ocytes from nine a ne rgic pa ti ent s a lso 
produced M I F a nd tra nsfo rmed in res po nse 
to S K-S O a nd / o r PPO to the sa me ex tent as 
skin test pos iti ve pa ti ent s a nd norma l sub
jects. Furtherm o re, lymphocytes fro m these 
nine a ne rgic pa ti ents produced compa ra ble 
a mo unts o f a chemotacti c facto r fo r mac ro
phages (assayed by Dr. Peter Wa rd) as did 
lymph ocytes fr om norma l subj ects. Eight 
pa ti ents (fi ve skin test positi ve, three a ner
gic) developed erythema a nd ves icle form a
ti on fo ll owing the cutaneo us a pplicatio n of 
croton oil t o the sa me ex tent as did eight 
no rma l subj ects. Using methods recently de

Of pa rti cular interes t was the finding that 
a uto logo us M I F prepara tions from two aner
gic patie nt s with no rma l lymphocyte func
tion were effective in acti va ting their mono
cytes. In additi on, a utologous M I F from an
other anergic Hodgkin's patient with de
pressed lymphocyte function did not activate 
hi s mon ocytes but homologous M I F did pro
mote activation of the pati ent' s monocytes. 
These findings indicate that the presence or 
absence of lymphocyte induced MIF corre
la tes with monocy t~ acti va tion in the sa me 
pa ti ent. In conclusion, lymphocyte and mo
nocyte fun cti on as well as the inflammatory 
response a ppea rs to be norma l in some aner
gic pa tients with Hod gkin's disea se. There
fo re, the ce llular-immune defect in these 
pa ti ents is subtle a nd perhaps not detectable 
by the a ssa ys pre sentl y available for mea
suring cellular immunity. Alternately, sub
sta nces may be present in vivo which inhibit 
the function of mediators such as MIF and 
chemotacti c factor but which do not inter
fer e with the in vitro detection of the se 
mediators. 

sc ribed [R ocklin et ai, Fed . Proc. (Abst) 32 Good, R.A., Gajl-Peczalska, K., Kiszkiss,D., 
( 1973) 988], monolaye rs of blood monocytes J Choi, Y. S. and' Lim, S. D. Perturbations 
were prepared fro m 15 Hodgkin' s patients of lymphocyte populations in leprosy. 
a nd 12 no rma l subjects a nd incubated in 
vitro fo r two to three days in the presence 
of cont ro l a nd M I F-rich wh ole supernatant s 
or Sephadex G-IOO fracti o ns. The extent of 
m o nocy te acti va ti on fo ll owing incuba ti o n 
with lymph ocyte media tors was evaluated 
by meas uring cell adherence (ug ce ll protein 
o r D NA co ntent / di sh) a nd glucose ox ida ti o n 
(g lucose- I-CI4 to C I40 2) . T he res ult s dem
onstra ted that mo nocytes fro m Hodgkin's 
pa t ients were acti va ted t o the same degree 
by lymphocyte media to rs as monocytes from 
norma l subjects (see table below) . 

Studies of the circulating lymphocyte pop
ulations have been carried out in 36 patients 
with various forms of leprosy. T-cell num
bers have been evaluated by two separate 
technics. These included spontaneous non
immune rosette formation with sheep red 
blood cells, and the cytotoxic effect of a spe
cific anti-T -cell antiserum. Further T-cell 
functional re s ponses were evaluated by 
quantifying the response of the lymphocytes 
to phytohemagglutinin in whole blood. B
cell numbers were evaluated by e'numerating 

Unfracti o na ted Ce ll Adherence Glucose-I-CI 4 
superna ta nt s ug pro tein o r oxidation nmoles / 
( M 1 F / co nt ro l) D N A / dish mg protein / min 

Hodgki n's pa ti ent s 35% increase 98% increase 
No rma l subj ects 42% increase 110% increase 

Sephad ex G- IOO 
frac ti o ns 

Hodgkin's pa ti ents 51 % increase 116% increa se 
No rma l subj ects 58% increase 120% increa se 
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the percentages and absolute numbers of 
lymphocytes that possess surface immuno
globulins of the three major classes, IgM, 
IgG and IgA. 

Patients with active lepromatous leprosy 
showed lower than normal numbers of T
cells and markedly increased numbers of B
cells. T-cell responses to PHA were also 
much lower than normal. Effective treat
ment of lepromatous leprosy by injections 
of lymphocytes from a series of donors each 
of which was mismatched with the recipient 
and with each other at major histocompati
bility determinants corrected this immuno
logical imbalance. 

Bullock, W., Dwyer, J. and Fields, J. Dis
turbance of the ratio between blood thy
mus-dependent (T) and bone marrow de
rived (B) lymphocytes in leprosy. 

The abnormalities of cell mediated immu
nity (CMI) associated with lepromatous 
leprosy suggest disturbed T-cell function. 
T: B lymphocyte ratios were determined in 
peripheral blood of 13 normal and 17 lep
romatous subjects by marking B cell immu
noglobulin receptor sites with 12s l-labeled 
rabbit antihuman IgM serum. Simultaneous
ly, lymphocytes from these subjects were 
stimulated with phytohemagglutinin M 
(PHA) and pokeweed mitogen (PWM). In 
vitro studies were then correlated with clin
ical and histologic criteria of disease sever
ity. Results indicate that B cells constituted 
a significantly higher percentage of lympho
cytes in lepromatous than in normal blood 
(p < 0.01) . In 8 of 17 cases, the percentage 
of B cells ranged from 40% to 80% whereas 
the normal range was 20-33 % of B cells. 
Conversely, the percentage of lymphocytes 
forming spontaneous rosettes with sheep red 
blood cells [thymus derived (T) lympho
cytes] was significantly reduced (p < .01) in 
peripheral blood of seven lepromatous pa
tients (range 10-55%) compared with ten 
normal controls (range 53-75%). PHA-in
duced DNA synthesis by lymphocytes from 
patients was significantly reduced (p < .0 I) 
at three days of culture but not at seven 
days . However, four of the six patients with 
more severe lepromatous leprosy had abnor
mal PHA responses at seven days and higher 
percentages of B cells. Responses to PWM 
by lymphocytes from lepromatous patients 
were generally higher than normal but the 

difference was not significant. In general, 
the in vitro abnormalities ' of lymphocytes 
from these cases were concordant with the 
presence of lepromatous infection in its most 
severe clinical form. This association was 
not invariable as T:B cell ratios and re
sponses to mitogens were normal in two pa
tients with severe leprosy. It is concluded 
that the nonspecific disturbance of CMI in 
some patients with lepromatous leprosy may 
result from a reduction of circulating T-cells 
by destruction or impedance to recirculation 
rather than from immunosuppression of in
trinsically normal T-cells . - [Research sup
ported by NIH, Grant AI-10094] 

Rea, Thomas H. and Levan, Norman E. The 
J concordance of tuberculin responses with 

the presence or absence of skin ulcerations 
in lepromatous leprosy. 

Cell-mediated immunity (CMI) was mea
sured in 34 patients with lepromatous lep
rosy using a battery of seven soluble, micro
biological antigens and epicutaneous, 
allergic sensitization to di-nitro-fluoro-ben
zene. No significant differences were found 
between the total population of LL patients 
and the controls. LL patients without necro
tizing skin lesions had a significantly dimin
ished reactivity to tuberculin when compared 
to controls and when compared to LL pa
tients with necrotizing skin lesions. 

Tuberculin reactivity 
10 mm induration or greater 

Positive Negative 

Control 
Total LL 
LL without necrosis 
LL with necrosis 

29 
8 
3 
5 

39 
26 
24 
2 

No differences were found on the basis of 
gender, sulfone therapy, thalidomide ther
apy or the presence or absence of erythema 
nodosum leprosum. Because of the numer
ous statistical comparisons made in this 
study the argument for "significance" can
not be made on a mathematical basis alone. 
We regard it to be peculiarly fortuitous that 
significant differences were found only with 
a mycobacterial antigen; furthermore our 
results are similar to those of Waters and 
Ridley [ lnternat. J. Leprosy 31 (1963) 418-
436] who report five of six patients with nec-
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rotizing skin reactions to be tuberculin posi
tive . Finally our re sults parallel tho se of 
Sa lazar-Ma llen el al [Alergia 18 (1971) 185-
191] who report norma l reactivity to histo
plasmin a nd cocc idi oid in but dimini shed 
reactivity to tuberculin . The failure to dem
onstrate nonspecifically diminished CMI is 
simi lar to that of Convit el al [Internat. J. 
Leprosy 39 (1971) 556-564]; thi s failure 
might be attributable to et hnic factors, i.e., 
Mexican-born patients have not been ex
tensively immunologically studied, or might 
be attributa ble to age, i.e., the median age 
of the present group, 3 1, is a ppreciably lower 
tha n that reported in other st udies suggest
ing that duration of disease might have a 
role in explaining these differences. It is co n
cl uded that LL patients are a composite of 
two populati ons: the absence of necrotizing 
sk in lesions defines a popUlation tha t has a 
specifica lly diminished tuberculin reactivity 
and the presence of necroti zi ng skin lesions 
defines a popUlation that has normal tuber
culin reactivity. 

J Spitler, Lynn E. Transfer factor therapy. 

Transfer factor is a dialyzable extract of 
sensi ti zed leukocytes, which transfers reac
ti vity from skin test posi tive donors to skin 
test negative recipients . Transfer factor sup
plied by o ur laboratory has been used thera
peuti ca ll y to induce cellular immunity in 78 
pa tients around the world . Many patients 
received mUltiple doses of transfer factor 
ranging from one unit given every six months 
for three years to one unit every week for 
six m o nths to as mu c h as eight units per 
week for a brief period . A total of 299 units 
of transfer factor have been given. 

Diseases in which tra nsfer factor has been 
effecti ve in prophylaxis agai nst infections 
or in therapy include the Wiskott-Aldrich 
syndrome, severe combined immunodefi
ciency disease, mucocuta neous candidiasis, 
chronic active hepatitis, coccidioidomycosis, 
dysgammaglobulinemia, Behcet's disease, 
aphthous stomatiti s, linear morphea, famili
al keratoacanthoma and malignancy. 

Not all patients in each disease category 
respond to the administration of transfer fac
tor, a nd this has led to the recognition of 
different forms of the various diseases and 
that these diseases may have different path
ogene tic mec ha ni sms although they may 
c1i nically appear similar. 

Jacobson, R . R., Slack, C. E., Morales, M.J., 
Kirchheimer, W. F. and Hastings, R. C. 
Tra nsfer factor in pola r lepromato us lep
rosy. A preliminary report. 

Severa l gro ups have administered either 
intact leukocytes or dialyza ble transfer fac
to r [Lawrence, H. S. and Valentine, F . T. 
Am. J . Patho!. 60 (1970) 437-450] to patients 
with leprosy in a n effort to stimulate cell
mediated immunity towa rd M. leprae [Bul
lock, W. E. el al. New Eng!. J. Med. 287 
( 1972) 1053- 1059; Lim, S. D. el al. Clin. Im
muno!. Immuno patho!. 1(1972) 122- 139; Pa
radisi, E. R. el al. New Eng!. J . Med. 280 
(1969) 859-86 1). In the present study, di
a lyza ble tra nsfer factor has been given to a 
67 year old Latin America n male patient as 
the only therapy for his sulfone-resistant 
polar lepromatous leprosy. In a period of 12 
weeks the patient received transfer factor 
from a total of 7.44 x 109 lymphocytes in 37 
di vided doses from 14 healthy hospital per
sonnel donors. The donors had a mean of 
10.9 yea rs of continuous exposure to active 
leprosy patients; had a mean Fernandez skin 
test reactivity of 9:36 mm induration and a 
mean Mitsuda reactivity of 7.57 mm indura
tion to dilute integral lepromin (20 x 106 

acid-fast bacilli ! ml). After 15 injections (35 
days) of transfer factor, the patient devel
oped a reversal reaction of the type de
scribed clinically by Bullock et al [Op. cit.]. 
This reaction subsided in its original inten
sity but continued throughout the remainder 
of the tria!. The pa tient showed clinical im
provement with fl attening of his nodular 
lepr o m a tou s skin le sions. Skin sc raping s 
showed a fall in the Morphologic Index from 
a mean of 1.17% to 0 by day 61. The Bac
teriologic Index fell from an average of 4.17+ 
to a low of 3.33+ by da y 61 a nd th e n ap
peared to plateau and rose to 3.83+ by the 
last week of the tria!. S kin bio psies revealed 
lymphocytic infiltration of the dermis in as
sociation with the clinica l reversal reaction 
and a reduction in numbers of acid-fast ba
cilli in the a reas of lymphocytic infiltrate. 
Base line skin biopsies revealed 59.9% of the 
dermis to be involved in the lepromatous in
filtrate, the Bacteriologic Index was 6+ a nd 
the Morphologic Index was 5% with a classi
fication of lepromatous disease. After trans
fer factor 20.8% of the dermis was invo lved 
in the lepromatous infiltrate; the Bacteri
ologic Index was 6+; and the Morphologic 
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Index was 4% and the classification re
mained lepromatous leprosy. After transfer 
factor, the lepromin skin test remained neg
ative both at 48 hours and at three weeks. 
Multiple studies were negative for ocular, 
peripheral nerve, cardiovascular, renal , or 
hepatic toxicity to transfer factor. In this pa
tient, under these conditions of administra
tion , transfer factor appears to have modest 
antibacterial effectiveness as the sole treat
ment of sulfone-resistant , polar lepromatous 
leprosy. This effect is mediated by or is asso
ciated with an influx of lymphocytes into the 
lepromatous lesions. The material had no 
detectabl e local or systemic toxicity in this 
individual. 

Lim, S. D. and Good, R. A. Treatment of lep
rosy by cellular engineering. 

After analyzing extensively the immune 

These observations which now need con
trolled clinical trial suggest that leproma
tous, tuberculoid and mixed forms of leprosy 
can receive significant benefits from immu
notherapy. Since the donors of the leuko
cytes in the cases treated in Minnesota were 
both tuberculin and lepromin skin test nega
tive, the beneficial influence of immunother
apy cannot be attributed to specific transfer 
of delayed allergy as our results seem in 
concert with those of Mudd and Yeatts, who 
have observed that nonspecific immunother
apy may offer much in the treatment of lep
rosy. Among the most dramatic influences 
of this form of immunotherapy in leprosy 
was the correction toward normal of a dis
balance of the lymphoid system revealed by 
the high numbers and percentages of B
lymphocytes and the low numbers and per
centages of T-Iymphocytes. 

status of patients with lepromatous leprosy, Dwyer, John and Kantor, Fred S. Production 
we decided to determine whether immuno- , f ' f' ". 
therapy could be applied to achieve bacteri-

o nonspeci IC anergy In gUinea pigs. 

ological, cellular, histological and clinical Attempts to 'develop an animal model of 
improvement in patient s with leprosy. Thus the more specific anergy of the cellular im
far, we have treated 13 patients , II with lep- mune system seen in chronic granulomatous 
romatous leprosy, one tuberculoid , and one diseases of man have been most successful 
a mixed form of the disease. Treatment in- in guinea pigs. Injection of 100 mg to 5 mg 
c1uded weekly or biweekly injections with of BGG and HSA into guinea pigs immu
leukocytes from individual donors each of nized with these antigens and egg albumin 
which was mismatched with one another and (OA) in Freund's complete adjuvant eight 
with the recipient patients by major histo- days earlier resulted in a marked reduction 
compatibility factors . The treatment periods of the ability of these animals, to develop a 
lasted two to four months. Patients in the delayed hypersensitivity (DH) skin response 
first six instances could not be treated effec- to any of these immunogens. The reduction 
,tively with current chemotherapeutic reg i- of DH to PPO and OA represents nonspe
mens because they had developed lepra cific anergy which will last three to four days 
reactions which required large doses of following a desensitizing injection. Daily de
adrenal steroids for control. Treatment pro- sensitizing doses of HSA and BGG will con
duced prompt clinical histologic and bacteri- sistently extend the period of generalized 
ologic improvement. Of the astonishing re- anergy to ten days at which time responsive
suIts obtained in these patients , five cases ness to OA and PPD but not HSA and BGG 
were treated without chemotherapeutic returns. Immunocompetent cells transferred 
agents. Two patient s were then treated un- from an immunized guinea pig into a desen
der rigid supervision in the highly controlled sitized animal lose their ability to passively 
environment of a clinical research center at transfer DH. Antibody studies show that the 
the University of Minnesota. Informed con- loss of nonspecific desensitization after ten 
sent for the therapeutic trial was obtained in days results from the development of toler
each instance. One of the latter two patients ance to the desensitizing antigen. Sequential 
had borderline leprosy, and the other lep- immunization and desensitization with a 
romatous leprosy. All cases showed improve- number of antigens can perpetuate nonspe
ment of the state of the disease, hi stological cific anergy indefinitely. This suppression of 
improvement in lymph nodes and skin, and cellular immunity seems to be an active phe
dramatic improvement in bacterial and biop- nomenon perhaps mediated through sup
sy indices. pressor T-cells. The better immunized an 
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animal, the more easily is anergy induced . 
Serum factors controlling lymphocyte pro
liferation and lymphokine production simi
lar to those described in leprosy, sa rcoidosis 
and syphi li s are being sought in this model. 

Rightsel, W.A., Sawyers, M.F. and Yang, 
G.C.H. Macromolecular syntheses of 
mouse macro phages infected with Myco
bacterium leprae and Mycobacterium lep
raemurium. (Read by title) 

Since M. leprae has never been success
fully cultivated in vitro. the host-parasite 
relationship has been studied in comparison 
with that of murine leprosy or M. lepraemu
rium. In addition, it is recognized that the 
natural host cell for each of these acid-fast 
organisms is the macrophage and, hence, 
should support the metabolic activity of the 
organisms. Furthermore, the ribonucleic acid 
(R NA) synthesis seems to be inhibited in 
mouse macrophages infected with M . leprae
murium [Ozata, K. and Oiaw, K. Infect. 
Immun. 5 ( 1972) 255]. Also, we previously 
demonstrated a seven- to nine-fold increase 
of M. lepraemurium when diffusion cham
ber cultures of macro phages were main
tained on monolayer Petri plate cultures of 
the tissue cells. Therefore, it seemed logical 
to study the synthetic capabilities of these 
tissue culture preparations following in vitro 
infection with either M . leprae or M. /eprae
murium. In each instance, the M. leprae 
organisms were freshly harvested bacilli that 
had been extracted from human biopsies. 
The M. lepraemurium organisms were 
freshly harvested bacilli that had been ex-

tracted from a three to four month infected 
fatty pad. I n order to study the biochemical 
changes that occurred in tissue cultures of 
mouse macrophages after inoculation with 
acid-fast organisms, the incorporation by 
pulse labeling of 3H-Ieuci ne a nd 3H-uridine 
into trichloracetic acid precipitable fractions 
was used to measure the total protein and 
RNA syntheses respectively. 

Studies on the synthetic capabilities of ti s
sue cultures of mouse peritoneal macro
phages following inoculation with M. leprae 
suggest that protein synthesis is immediately 
inhibited and progressively diminishes over 
a period of 12 days . On the other hand, mac
rophage cultures inoculated with M. leprae
murium show a continuous increase in pro
tein synthesis abilities of engulfed macro
phages. Neither re s ult is like that of the 
uninoculated controls or macro phages inocu
lated with inert latex particles which show 
similar recurrent kinetic patterns. 

No difference was observed in the RNA 
synt hesis of uninoculated macrophages or 
macrophages inoculated with M. leprae or 
inert latex particles as indicated by their 
si milar kinetic paUern over a l2-day period. 
In contrast, macrophages infected with M. 
lepraemurium show inhibition of RNA syn
thesis after four days' incubation. These 
methods provide an in vitro tissue culture 
system to study the effect of the obligate in
tracellular parasites on the macromolecular 
synthesis of infected macrophages. - [This 
investigation was supported by the U .S .
Japan Cooperative Medical Science Pro
gram administered by NIAIO, Grant R22-
AI-08051 , NIH] 


