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DAD OS treatment in 1967. These result s 
have been di vided into the following gro ups: 
a) all pat ient s: b) pat ient s cla ssified by d is
case Iype; c) pauci bacilla ry ( I. BT. TT. 
BT/ n ' ) patients wit h subdivisions by yea r 
of healing; and d) multibacillary pa tients 
with subdi visions by type of response. i.c .. 
good o r poor response with or without infil
tration. The g roup . tak en in ils entiret y, 
showed mean levels of DADDS. MADOS. 
DDS. and total sul fones of 17.5. 27.2 . 31.3. 
and 67.6 ng/ mL respectively. in plasma sam
ples taken 75 days after DAI)DS injection. 
These le vels. which can be considered the 
minimal levels. arc substant iall y above the 
establi shed min imum inhibitory concent ra
tion o f I to 10 ngl ml for DDS against M. 
/eprae in th e mousc a nd rat foot pad test 
system. 

We compared the mean values of the en
tire New Guinea group with sul fone levels 
found in pla sma taken 77 da ys after DADDS 
injectio n in a group of 20 Filipino paticnl s 
who had recei ved only one DADDS treat
ment. All the sulfone levels, with the exce p
tio n of MADDS, were significa ntly, but not 
substant iall y. higher in the patients from 
New Guinea. The MADDS level was the 
sa me fo r both groups. Because the sulfone 
levels were essent ially the sa me in bo th the 
Filipino and New Guinea groups, and be
cause the latter group received a substan
tiall y larger number of injections, we have 
co ncluded that repeated d oses of DADDS 
every 75 to 77 days do not ca use an accumu
lation of sulfones in pla sma. 

The res ult s in th e Ne w G uin ea g rou p 
showed that an in verse relati onship exists 
between plasma sul fo ne level s (excep t 
DADDS) and the body weights of the pa
ti ents. The la c k of co rrelation be t ween 
DADDS and bod y we ig ht suggests that 
DADDS plasma levels arc not subject 10 the 
normal weigh t-related metabolic inn uences, 
but depe nd only o n physica l factors such as 
solubility in n uids bathing the injection site. 
Comparison of the sul fone Icvels within the 
pauci bacillary group showed that no rela
tio nship existed between the yea r in which 
the patient healed and the sulfone le vels. 
No r was any relat ions hip found betwee n sul
fone levels and type of disease in paucibacil
la ry patients. Thc sulfo ne levels in healed 
paucibacillary patients were also com pared 
with the corresponding levels in pat ients ex-

hibit ing mult ibacillary disease. but no dif
ferences were evid\!nt. T he su lfo ne levels in 
poor res ponders of the multiba ci llary gro up 
were compared wit h those in good respond 
ers of the sam e type, but no cor relatio n 
co uld be asce rtained .- [Th is work wa s sup
port ed in part hy the U.S.-Ja pan Coopera
tive Medical Science Program. administered 
by NIA ID (Contract NIH 70-228.1) Stanford 
Research In stitutc. Menlo Park. Ca.: Depart
ment of. Public Hea lth, Territory of Papua 
New Guinea : Center for Disease Cont ro\. 
Atlanta. Ga .J 

Russe ll . O. A., Shepard. C. c.. McRae. O. H. J and Vinein, O. R, P rese nt s tatu s in the 
acedllpso nc thentpcuti c trial in the Kari
mui, a nd its re la tions hip to other tria ls. 

The la test assessment in the Karimui t ria l 
was made in November 1973. A total o f 337 
patients ha ve been treat ed si nce the start of 
the trial in 1967. Of these. 23 were class ified 
as burnt-out T r o r polyneurit ic patient s at 
the out set. and most of them con tinue to 
have defo rmit ies or pat ches of altered skin 
pigmenta tion. as mi ght bc ex pected. and arc 
classified clinically as stationary. Excluding 
these, 281 had paucibaci llary leprosy (I. TL 
TTl BT, and BT) , and 273 arc now consid
ered healed clinically: the remaining eight 
are classified as stat iona ry or healing and 
improving. In short. th e clinical respo nsc 
in pauci bacill ary leprosy has been sati sfa c
tory. 

The rnultibacillary patients wc re followed 
with skin smears. Therc were 28 previously 
untrea ted patient s who had high enough Bl' s 
to all ow determinati on of so lid ratios. Ini
tially all 28 responded to treatment wi th 
ea rly of solid ba ci ll i nnd thc 
usual gradual dec rease in BI. Oy 1972. ho w
eve r, solid baci lli had rea ppeared in the 
smears of five patients. This occurred aft er 
their Ol's had decreased 1.83- 3.50 units: 
thei r Ol's then ceased to decrease. Skin biop
sy specimens were obtained for mouse inocu
lations. Two did not co nta in detectable num
bers of bllcilli. a nd mouse inoculatio ns we re 
nega tive. Th ree conta ined detectable bacilli: 
mouse inoculat ions proved posit ive and the 
ba ci lli were p rovis iona ll y se nsi t ive to 
0.0001 % DDS in the diet. There has bee n 
time for passage of o ne strain. and it has 
been confi rmed to be se nsitive to DDS. Plas
ma sul fone determinat ions by Peters and 



j 

J78 Imema/io"al Journal oj Leprosy 1974 

colleagues showed no rmal levels in these 
five patient s: thus Ihey apparently ha ve al· 
wa ys had drug conce ntratio ns in thei r tis
sties severa l (imes the M Ie demo nstrat ed 
(o r their strains. . 

The 81's of the other 23 of Ihe 28 patients 
respo nded satisfacto rily. and their 81's were 
7ero or approa ching l ero in 1972. Analysis 
of t he results in Ihese pat ient s sho wed Iha l 
the rate o f fall in III wa s a functio n of the 
Ridley-J opling classifica tion . of the he ight 
of the ini tial Il l, and o f the d ura t ion of treat
ment. The curve o f decrease was S-s hapcd 
in many pa tient s. and . in patient s with more 
Icpromaious diagnoses and higher initial 
8 1's, Ihe fa ll in BI was somewhat slower and 
the period of mosl ra pid (1111 occurred laler. 
Maxi mal rales of decrease for indi vidual pa 
tients were nearly all between 1.5 and 3.0 
111 unit s pe r year. To ha ve s tated the de
c rease in 81 as an a ve rage from Ihe begin
ning of Ire'Hmenl wo uld ha ve obscured Ihe 
rapidil y of decrea se during panicu lar inter
vals. 

The finding of viab le bUI apparerllly DDS
se nsiti ve ba cilli in 5 of 28 patients seems to 
bc interpretable o nly as long-term survival 
(witho ut multiplicat ion) of a small frac tion 
of DDS-sensiti ve organisms, which become 
demonstra ble only when a sumeienl number 
of no nsolid bacilli ha ve d isappeared. It 
seems possi ble that bacte rial killing would 
have comme nced again wit h continuance o f 
t he s.rme therapy. Nevertheless from these 
result s we co uld conclude that fo r multibacil
lary leprosy acedapsone therapy was not 
o ptimal by it se lf. Conseque ntl y we have 
added a 90-day course of rifampi n (600 mg 
daily) for each multibacillary patie nt, with· 
out interruption of acedapsone injection s. 
The early response since rifampin has been 
favo rable. - [Center fo r Disease Control. At
lanta, Ga.: Department of Publ ic Heal th . 
I)ort Mo resby, I)apua New Gu inea] 

Russe ll. D . A .• Worth. R . M .• J ano, B .• Fasa l. 
I). and Shepard. C. C. Acedapsonc in the 
pre ventive treatment of leprosy: three 
years after the last shot. 

T he design. execution and two year post
trea tment incidence of leprosy in this field 
trial of DAD DS in Micronesia has been re
ported elsewhere (1.1 ). Mass treatme nt with 
DADDS was offered to about 1.500 people 
in three vi lla ges with a high prevalence of 

leprosy in the Pona pe District of Mic ro nes i .. 
during 1967 1970. Annua l reexamination of 
t his entire population for leprosy since 1967 
has revealed the following incide nce (Fig. I). 
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H{ •. I. Leprosy incidence among l' inge]:Ipese 
people (I 96M· 191J) by hl stOlogic:11 type. 

Of the nine new cases appearing since the 
end of mass OAODS. on ly o ne (and he with 
a proven sul fone- resistunt strain o f M. leprae 
indicatcd by an asterisk on the figure) is 
a mong the 9 15 people who received nearly 
all 15 injecti o ns of DADOS in 1967- 1970. 
The o ther eight cases (all with a history of 
eight or fewer injections) were among the 
a pproximately 630 people who received 12 
or fewer injection'S. There is now a s ignifi· 
ca ntly lower i ncide nce (p .0 1) of le p rosy 
among those who received a full three year 
course of DADDS. No cases have ye t ap· 
pea red among those 300 or mo re children 
born si nce 1968. Annua l surveillance of this 
po pu la tion will contin ue.- [Thi s work was 
done under Co ntract NIH· NIA ID-72-2075 
( H EW) 1 
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Dhople, A . M . and Hanks. J . H. Energetics 
of Allm (Mycobaclerium lepraem"rium) 
during the transitio n from in vivo to extra
ce llular growth. 

LS M (Memo L-53 1. Feb ruary, 1974) re
po ned our confirmatio n tha t the Nakam ura 
system permi ts t he ill vitro growt h of Mlm. 
Several Japanese colleagues already had 
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reached this conclusion. 
In order to facilil:lI e such investigations 

we out li ne three propositions. I. M:ta bol~c r 
or bioc hemical indicators of ph ySIO logic 
states are more significant than microscopic 
or plate coun ts: a) because the esscmials 
can be learned without waiti ng fo r growth 
to occur, and b) because decreases in com
petence can be quan titated as readi ly as in
creases. 2. In the absence of high plating 
efficie ncy, growth potentials (ATP pe r viable 
cell) ca nnot be delcrmincd. 3. Given sources 
of both ni troge n a nd carbon and relatively 
constant cond itions. the ATP per cult ure. 
or aliquot. measures the FOrn (functional 
biomass). the parameter that shou ld co rre
late with pia Ie and microscopic coums {see 
LSM Memo L-538 , Februa ry, 1974}. 

In earlier communications it was shown 
that the F Bm of Mlm in Oiwa's medium de
terio rated in the sa me fashion as the respira
tion and HTC documented by Gra y and 
Hanks. In the recent AT P experiments the 
three-day data demonstrated that the FBm 
in Nakamura's semisynthetic base (E- K) fe ll 
to 50% of the o rigina l. The addition of the 
supplements (complete NC-5) reduced the 
physi ologic "sag" by 50%. Within ten days 
the FBm in NC-5 had returned to 100% of 
the energy levels possessed by Mlm during 
growth in CFW mice, i.e., the cells had suc
cessfully reco nstructed the leaky "jn vivo" 
type membranes imo those which are com
petent fo r ex tracellula r gro wth . Within 20 
days the rate of ex panding FBm had im
proved slight ly. Fetal ca lf serum was signifi
cantly su pe ri or to goat se rum. Thus. the 
goals of such experiments had been accom
plished in less than three weeks. 

In further investigations recalcula tion of 
correct ion and conversion factors demon
strated that FBm and the microscopica lly 
measured total biomass increase at parallel 
rates. The conditio ns and components in 
NC-5 medium are being classified into three 
categories: inhibitory, beneficial and essen
tial . The effects of COl and temperatu re and 
more precise quantita tions of the effects of 
compo nent s in the NC-5 med iu m will be 
availa ble at the lime of the U.S.-Japan meet
ing. A table or figu re will be submitted as 
an addendum at that time.-[JH U-LWM 
Leprosy Research Laboratory, School of Hy
giene and Public Hea lth , Baltimo re, Md. 
21205J 

Rightsel, W. A. and Sawyers. M. F. The syn
thet ic capabi lities of mouse macrophages 
foll owing in vitro infecti on wit h Mycobac· 
terium leprae and Mycobac/erium feprae
nlurium. 

The natural host for both M. leprae and 
M. lepraemurium is the mo nocyte, and there 
is little doubt thai M. leprae thrives inside 
human macrophages in vivo. Severa l reports 
have demonstra ted the culti va ti on of M. 
leprae"iurium in long-term tissue cultures of 
mouse pe rit onea l ma c ro phages: more re
ce nlly. we achieved a 32-fold increase wilh 
this organism using a specialized diffusion 
chamber tech nic in which M. lepraem llriwn 
was inoculated into the chambers with mac
rophages a nd then maintained for 50 days 
in the mouse. Si nce M. leprae has never bee n 
successfull y cultivated in vitro. the macro
phage has been used to study the host-para
site relationship in comparison with that of 
murine leprosy. 

It is our general hypot hesis that cellular 
growt h is cont rolled primarily by macromo
lecular synthesis and . hence. studies using 
the macro phage may provide direct infor
mation relative to the physiological blocks 
of these in vivo-grown host-dependent mi
crobes. Therefore, the synthetic capabilities 
of mouse perito neal macrophages inoculated 
with either M. leprae or M. lepraemurium 
were studied by following the incorporation 
after pulse labeling of 1 H-Ieucine into pro
tein and 1 H-uridine into ribonucleic acid 
(RNA). 

After infection with M. leprae. the macro
phages showed an immediate inhibitio n of 
protei n sy nth es is tha t progress ive ly de
creased as ind ica ted by the uptake of labeled 
leuci ne. On the other hand. macrophage cul
lures i n oculated with M. lepraemurium 
showed an immediate uptake of the precur
sor that continued for four days followed by 
a gradual and co ntinuous decrease on incor
porati on of the labeled compound. Hence, 
these two o rganisms showed different ef
fects on the protein synthet ic ca pabilities of 
infected macrophages. Neither of these re
sult s correspo nded to that of macrophages 
inoculated with inert latex particles or un
inoculated controls. both of which exhibited 
simi lar recurrent kinetic patterns. In con
trast, no diffe re nce was o bse rved in the 
RNA sy nthesis of macrophages inoculated 
with either M. leprae. M. lepraemurium. or 
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inert latex pa rticles as indicated by kinetic 
patt erns similar to un i nocu la ted control s 
during the uptake of labeled uridine over a 
12-day peri od. These method s using radio
active precursors have provided an in vitro 
tissue cu ltu re system to study and compare 
the effeci on the macromolecular sy nthesis 
of macrophagcs infected with these two fas
tidious acid-fast myco baclcria.-[This inves
tigation was supported by the U.S.-Japa n 
Cooperati ve Med ical Science Program ad
ministe red by N IA 10 (Granl R22-AI-0805 1). 
NIH. Departme nt of Pathology. Baptist 
Memorial Hospital and Department of Mi
crobiology, Uni versity of Te nnessee Medical 
Units, Memphis. Tenn. 38 146] 

J Skinsnes, O laf K. and Matsuo, Eiichi. Con~ 
tra sting morphologies of react io na l states 
in leprosy. 

In 1964 the hypothesis. now quite general
ly acce pted . was advanced that tuberculoid 
react ions are primarily ex pressions of de~ 
layed~type hypersensiti vity. that erythema 
IIodosum leprosum is essentially the mani~ 
festation of anr igen~antibody reactions o r 
immune com plex disease and that react ions 
in dimorphous leprosy contai n e lements of 
bot h types of phenomena . 

Necropsy studies of two young Ch inese 
men. aged 16 and 24 years. one having tu
bercul oid reaction and the other acu te ery~ 
,hema IIodosum leprosum are presenred to 
dem o ns trate the contrasting morphologic 
manifestat ions in these two co nditi ons. Si nce 
the two patients each com mitted suicide dur
ing acut e rea c t iona l episodes and were 
you ng persons. a unique opport unity is pre
se nted to obta in some concept of the sys
temic extent of such reactions. 

The necropsy findi ngs of the tu bercu loid 
cases. as related to leprosy fi ndings, showed: 
I) severe granu lomatous neuri tis of sciatic. 
po pliteal and ul nar nerves liS well liS of eu
ta neo.us nerves; 2) focal in terstitia l granu
lomatous myoca rditis. hepatitis. o rchitis and 
nephritis. All these latte r lesions were min
imal, scattered and focal . 

The clinical lepromatous patient's ski n le
sions hi stopathologicllll y were BL rather 
than clllssiclll LL. The reactio nnl manifesta~ 
tions. however. we re h is topathologicll ll y 
characteristic of the responses seen in imme
diate type hypersensitivity. There was: I) 
reacti onal inflamma ti on. pronounced . wit h 

a rteriolitis in sciatic a nd ulna r. as well as 
cutaneous nerves; 2) fibrinoid a rteriolitis in 
pulmonary septa. hea rt . liver. splee n. pan
creas and kidneys. The fibri noid material 
was PAS pos iti ve and compatible with im
mune complex deposition. 

The rena l lesions in the tu bercul oid case 
were scattered a nd minima l a nd could be 
expected to heal without scarring. T he vas
cular lesio ns in the BL cases were pro
nounced and involved primaril y the arreren! 
glomerular and interlobular arterioles. T here 
was slight deposition of PAS posi ti ve mate~ 
rial in glomeru lar capillaries a nd Bowman's 
capsule. 

The findi ngs in this si ngle case suggest 
that the major immune com plex reaction in 
EN L-type res po nse occurs in preglomerula r 
arterioles and not in g lo me rul i. If thi s be 
generally true then the general lack of ne
cropsy fi ndings of classica l glomeru lonephri
tis morphology in lepromatous leprosy, ex
cept occasiona lly. may be ex plained. The 
vasc ular lesio ns described could well lead to 
the vascular thickening a nd o bliterntion as 
well as glomerular scarring that has more 
genera lly been described in lepromatous lep
rosy necropsy series and cha racte ristic of 
"e nd stage kidneys."- [ALM Leprosy Ate
lier , Department of Pathology, University of 
Hawaii School of Medicine. Hono lu lu, 
Hawaii. NIH Grant AI- IOO34] 

J
Walsh, G. P ., Siorrs, E. E., Burchfield, H. P. 

and Vidri ne, M. F. New sta tistics on the 
incide nce of leprosy in the armadillo. 

It was recent ly reported that 40% of a 
group of 20 a rmadillos inoculated in 1970 
and 197 1 had developed leprosy ove r a pe
riod of 3 to 3.5 years (Science 183 [1974] 
85 1-852). This group was comprised of ran
dom-bred animals that had been captured 
as adults in the wild. 

In a more recent study, a group of 24 ani~ 
mals was inoculated intradermally with M . 
leprae obtai ned from an infected armadillo. 
This group was composed of animals that 
although not bred in captivity, were raised 
in captivity a nd their selectio n for the study 
was based on the requirement that they not 
exceed 1.5 years of age . It was fc lt that 
you ng animals should be used since in a ll 
likelihood. they would be imm unologically 
less mature tha n full grown adults and per
haps more susceptible to infect ion. In addi-
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lion, il was fe lt that the usc of an armadillo
passed strain might al so reduce the tim e 
required for the deve lopment of the di sease. 

Biopsy specime ns taken six mo nths after 
inoculation were positive for AF B in 4 of 
the 24 animals while our latest results show 
ll1a l 15 of the 24 a ni ma ls (62%) are posit ive 
fo r AFB at 14 months post-inoculation . II 
s hould be emphasized that this statistic is not 
n na l and it would no t be unreaso nable to as
s ume that one o r more of the nine a ni mals 
thaI afC negati ve al Ihis t ime will become 
positive in fut ure mont hs. 

It s hould al so be mentioned here that in 
a re lated ex periment. all three animals that 
were inoculat ed in tra venously developed a 
more severe and disseminated infectio n than 
intradermally-inoculatcd animal s. Thus the 

route of inoculati on should also be consid~ 
ered in determin ing susce pt ibi lity. 

These resu lt s reinforce the usc of the ar
ma dillo as a model for the st udy of leprosy. 
By usi ng younger animals that are proba bly 
less immunologically capable than adults. 
the susce ptibilit y of Ihis species is signi ti 
cantl y greal er as manifested by a s hort er in
cubation time a nd .. g reater percentage o f 
a nimals deve loping infection. 

TherHore. while s uccessful breeding JI1 

ca pt ivi ty is still very desirable and shou ld be 
vigo ro usly pursued. the high degree of SlIS

ce ptibilit y alllong you ng rand om-bred ani~ 
mals will allow ex tensive usc of this animal 
species as an expe rim ent:d model in the 
stud y of leprosy. [Gul f Sout h Resea rch In
stitut e. New Iberia. La .] 


