
l NTE RNATlONAL J OURNAL DF L EPROSY Volume 45. Numbcr 3 
Prillled illllw U.S. A . 

INTERNATIONAL JOURNAL OF LEPROSY 
~nd Other Mycobacterial Diseases 

OFFICIAL ORGAN OF THE INTERNATIO AL LEPROSY ASSOCIATION 

Publication Office: Leahi Hospital, 3675 Kilauea Avenue, 

Honolulu, Hi. 96816 

VOLUME 45, NUMBER 3 JULY-SEPT. 1977 

EDITORIALS 

Editoriais are written by members 01 the Editorial Board, and occasional/y by 
guest editorial writers at the invitation 01 the Editor, and opinions expressed are 
those 01 the writers. 

T ransfer Factor as a Probe of the Immune Defect 
in Lepromatous Leprosy 

In the last decade considerable interest 
and enthusiasm has been evident concerning 
the use of transfer factor (TF) in clinicaI im
munotherapy.l "Transfer factor (TF) is an 
operational designation for non-immuno
globulin substances present in extracts of 
sensitive blood Iymphocytes that can intro
duce specific cell-mediated immunity in non
sensitive humans".2 This activity was discov
ered when experiments in humans showed 
that first viable intact leukocytes could trans
fer positive delayed-hypersensitivity skin 
tests from sensitive leukocyte donors to non
sensitive recipients and eventually that non
viable leukocyte extracts had the same prop
erty. Thi s leukocyte extract was termed 
transfer factor. 

TF is dialyzable, with a molecular weight 
less than 10,000, and is neither an antigen 
nor an immunoglobulin. It does not contain 
histocompatibility antigens and in normal 
recipients , TF induces sensitivity within 

I Lawrence, H. S. Tra nsfer factor in transplantation 
immunobiology. Transplant. Proc. 9 ( 1977) 1319-1326. 

2 Valentine, Fred T. Transfer factor: Is it related to 
immune RNA? In: Immune RNA in Neoplasia (Sym
posium on Immune RNA in Neoplasia , Marine Biology 
Labo ratory, Woods Hole, Mass), Mary A. Fink, ed. , 
Academic Press ( 1976) pp 75-84. 

hours and the sensitivity which is transferred 
lasts for years. Apparently TF exists as a pre
formed molecule within Iymphocytes and is 
released when the cell comes in contact with 
antigen, functioning to convert additional 
Iymphocytes in situ to an antigen responsive 
state .3 

Transfer factor specificity. The chemical 
nature of the material in crude TF which is 
responsible for specific transfer of cell-medi
ated immunity is unknown. The dialyza ble 
material from disrupted leukocytes contains 
a large number of substances and many of 
these such as uraciJ,4 hypoxanthine ,5 asco r
bic acid , se rotonin, cholinergic materials ,6 

J Lawrence, H. S. a nd Valentine, F. T. Tra nsfer fac
lor and olher media tors of cellular immunily. Am . J . 
Patho!. 60 (1970) 437-450. 

4Grob, P. J . Transfer factor. General aspects. ACla. 
eurol. Scand . SS ( 1977) 217-226. 

50'Dorisio , M. S. , Neidhart, J . A. , Da niel , F. B. , 
Balce rzak , S. P .. a nd Lo Buglio, A. F. Identifica tio n of 
hypoxa nthine as the major component of a chromato
gra phic fraction of transfer factor. Cell. Immunol. 23 
(1976) 191 -202. 

6Sa ndler, J . A., Smilh, T. K., Ma nga niello, V. c., 
and Kirkpatrick, C. H. Stimula lion of monocyle cG MP 
by leukocyte dia lysates. An a ntigen-i ndependent prop
erty of dialyzable tra nsfer factor. J . Clin . Invest. S6 
(1975) 1271-1279. 
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simpl e po ly pe ptid es,7 nicotinamid e,8 e tc., 
may ca use a va riety of nonspecific stimula
tory a nd suppressive effects in vitro a nd in 
vivo on immune a nd inflammatory reacti ons. 
Ind eed some o bserve rs have questioned the 
existence of de novo transfer o f antigen spe
cific ce ll -media ted immunity with TF at a lI. 
The possibility has been ra ised tha t TF acts 
e ntire ly nonspecifica lly by e nh a nc in g low 
leve Is of preex isting ce ll-mediated immunity 
in recipients. 9 

U nquestiona bly TF exerts no nspecific ef
fects, IO but a number of o bservations strong
Iy suggest tha t the materia l a lso has antigen
speci fi c e ffec t s and is a lso able to tran s fe r 
delayed-hypersensitivity reactivity de novo 
to rec ipie nt s. These studi es have been re
cently reviewed by Valentine,2 and essential
Iy consist of observations of specific transfer 
of sensitivities to ma ny microbial antigens, 
hi stocompatibility a ntigens, antigens of sar
co mas, candida, a nd keyhole limpet hemocy
anin . II . 12 A recent stud y has shown rather 
convincing transfers of antigen-specific cell
mediated immunity to gnotobiotic or ge rm
free nonhuman prima tes with human TF.13 
Because these animaIs had not been previ
ously skin tested a nd had ve ry limited micro
flora , the transferred delayed-hypersensitivi
ty appeared to be clea rly on the basis of a de 
novo informa tional effect of TF. 

Rationale for TF in leprosy. Based usually 

7Gottlieb, A. A. , Saito , K. , S utcl iffe, S., Foster, L. A., 
Tama ki , N. , Mazia rz, G., S utherla nd , C. , a nd Brennes
sell , B. Biochemical a na lys is of dialyza ble leukocyte 
extracts. J. Reticuloendothel. Soe. 21 ( 1977) 403-41 6. 

8 Burge r, D. R. Va ndenba rk , A. A., Daves, D. , An
derson, W. A., Jr. , Vetto, R. M., a nd Finke, P . Nicotina
mide: Suppression of Iymphocyte tra nsformation with 
a component identified in huma n tra nsfe r factor. J . 
Immunol. 117 (1976) 797-80 I. 

9 Bloom, Barry R. Does tra nsfer factor act specifi
ca lly o r as a n immuno logic adj uva nt? N. Engl. J . Med . 
288 ( 1973) 908-909. 

IO Dupont , B. , Ba llow, M., Ha nsen, J . A. , Quick, c., 
Yunis, E. J ., a nd Good , R.A. Effect of tra nsfer factor 
thera py on mixed Iymphocyte culture reacti vity. Proc. 
Nat. Acad . Sei. USA 71 ( 1974) 867-87 1. 

11 Zuckerma n, K. S., Ne idha rt , J . A., Ba lcerzak, S . P ., 
and Lo Buglio, A. F. Immunologic specificity of t ra nsfer 
factor. J. Clin. Invest. 54 ( 1974) 997- 1000. 

12 Burger, D. R., Va ndenba rk , A. A. , Finke, P., a nd 
Vetto, R. M. De novo a ppeara nce of K LH tra nsfer fac
tor fo llowing imm unization. Cell. Immunol. 29 ( 1977) 
4\0-41 3. 

13 Eichberg, J . W., Steele, R. W., Ka lter, S. S. , Kniker, 
W. T. , Heberling, R. L. , Eller, J. J . a nd Rodriguez, A. R. 
Ce ll ula r immunity in gnoto bioti c primates induced by 
tra nsfe r factor. Cell. Immunol. 26 ( 1976) 114- 119. 

on the pres umpti o n that the reage nt may 
transfer specific cell-mediated immunity to 
recipients, TF has been used in a number of 
usua ll y uncontro lled clinicai tria ls. For some 
conditions, e.g., the Wi skott-Aldrich sy n
dro me a nd chronic mucocutaneous ca ndidi
as is, TF has provided a hope for successful 
thera py where little or none previously ex
isted . In contrast to these relative ly rare and 
poorl y treatable conditions, the use of TF in 
leprosy is rather different. The potentia l reci
pient popula ti on for TF in leprosy involves 
millions of individuais a nd availa ble chemo
thera py, while by no means idea l, is by a nd 
la rge effective . Why then should trials of TF 
in leprosy be conducted? 

At least three reasons come to mind for 
studying TF in leprosy. Firstly, TF immuno
therapy may benefit recipients with the di s
ease, either by hastening clearance of bacilli 
in acti ve patients or by preventing relapse of 
treated inactive pa tients. 14 Secondly, leprosy 
is perha ps the best understood model avail
able of gra nulomatous infectious di sease im
munolo gy and TF trjal s in lepro sy might 
therefore shed light on the nature of TF itself 
and the mechanisms of cell-mediated immu
nity to intra cellular parasites in general. 
Thirdly, and of perhaps most interest to lep
rosy workers, TF trials in leprosy may help 
clarify the nature of the fundamental defect 
in the immune response in lepromatous lep
rosy. More information about thi s defect may 
have a major impact on the fea si bility of va r
ious approaches to the development of a vac
cine for leprosy. The present di scuss ion will 
be limited to speculations concerning the 
implications of the results of early TF trials 
for the immunology of leprosy. 

Possibilities for the fundamental leproma
tous defect. 

a. General co nsiderations. There is in
creasing agreement among leprosy workers 
that the fundamental defect in lepromatous 
leprosy is immunologic and is characterized 
by a lack of demon stra ble T lymphocytes 
capable of responding to antigens of M. lep
rae. ls Currently there is di sagreement in the 

14 Bullock, W. E., Fields, J . P. o and Bra ndriss, M. W. 
An evaluation of tra nsfe r factor as immunothera py for 
pat ients with lepro ma tous leprosy. N. Engl. J . Med . 287 
( 1972) 1053- 1059. 

Il Goda l, T. , Myrvang, B., Sta nfo rd , J . L. , a nd Sam
uel, D. R. Recent adva nces in the immunology of lep
rosy with specia l refe rences to new a pproaches in im
munop ro phylax is. BulI. lnst. Pasteur 72 ( 1974) 273-310. 
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area of how this defici ency comes about. 
Some of the possibilities for this condition 
are illustrated in the Figure. It may be as
sumed that there are certain steps involved 
in a normal or successful immune response 
to M . leprae which operate to successfull y 
eliminate the pathogen before it can cause 
clinicai disease. These processes which lead 
to a clone of T Iymphocytes capa ble of recog
nizing and responding to antigens of M. lep
rae occur in mo st individua is exposed to 
viable bacilli l 5 and must be defective in indi
viduais who develop lepromatous leprosy. 

Some of the possibilities for the leproma
tous defect are clearly not likely. For exam
pie, lepromatous leprosy pa tients respond in 
a more or less normal fashion to a great vari
ety of potential pathogens which are normal
Iy dealt with by cell-mediated immune 
mechanisms. This i nd ica tes that the lepro
matous defect is not a general malfunction 
in stem cells, in the generation of Iymphocyte 
precurso rs, in the general actions of the 
thymus to convert Iymphocytes to T Iympho
cytes, in the generation of monocytes, or in 
the development of tissue macrophages from 
circulating monocytes or histiocytes. 

The efferent limb of cell-mediated im
mune responses must function adequately 
for non-M. leprae antigens in lepromatous 
leprosy patients in view of generally normal 
resistance to pathogens normally dealt with 
by cell-mediated immune mechanisms. Thus 
the fundamental lepromatous defect does not 
lie in a general deficiency in the ability of 
sensitized T Iymphocytes to undergo Iym
phocyte blast transformation, to generate 
Iymphokines such as MIF (migration inhibi
tory factor) , LIF (leukocyte inhibitory fac
tor), SRF (skin reactive factor) , or MAF 
(macrophage activating factor) . Similarly the 
fundamental lepromatous defect does not lie 
in the general ability of macrophages to re
spond to MAF, etc., and become activated 
and destroy intracellular parasites. 

There are a number of studies which show 
an usually modest, but significant, general
ized decrease in cell-mediated immunity in . 
leprosy, particularly in lepromatous leprosy, 
and particularly in untreated lepromatous 
leprosy. 16 26 In contrast to these modest and 
frequently variable expressions of a general
ized deficiency in cell-mediated immunity, 
technics designed to measure specific cell
mediated immunity to M. leprae reveal 
strikingly and virtually uniformly the com-

plete absence of responses in lepromatous 
leprosy patients. 

Thus, the fundamental defect in leproma
tous leprosy is highly specific for antigens of 
M. lep rae, is characterized by a lack of T 
Iymphocytes capable of being activated by 
antigens of M. leprae l5 and must lie at some 
point after .the deve lopment of T Iympho
cytes and macrophages on the one hand, and 
the response of sensitized T Iymphocytes to 
M. leprae on the other. 

b. Mos! likely possibilities. The possibili
ties for the fundamental lepromatous defect 
(assuming that there is only one) therefore 
incl ude I) M. leprae, 2) the macrophage, 3) 
the "Ieprosy Ir gene," and 4) various control 
mechanisms on the activation of specifically 
sensiti zed T Iymphocytes by M. leprae anti
gens. A brief consideration of these possi
bilities may be warranted. 

I . M. leprae. The initial inoculum of M. 
leprae itself could somehow differ in those 
individuais destined to develop lepromatous 
leprosy as opposed to those individuais des
tined to develop subclinical disease or one of 

16 Waldorf, O. S., Sheagren, J. N. , Trautman, J. R. , 
and Block, J. B. Impaired delayed hypersensitivity in 
patients with lepromatous leprosy. Lancet 2 (1966) 
773-776. 

17 Bullock, W. E. Studies on immune mechanism in 
leprosy. N. Engl. J. Med . 278 (1968) 298-304. 

180ierks, R. E. a nd Shepard. C. C. Effect of phyto
hemagglutinin a nd various mycobacterial agents on 
Iym phocyte cultures f rom leprosy patients (32698). Proc. 
Soco Exp. Biol. Med. 127 (1968) 39 1-395. 

19Sheagren, J. N. , Block, J . B. , Trautman, J . R .. and 
Wolff, Sheldon, M. Immunologic reactivity in patients 
with leprosy. Ann. Intern. Med . 70 (1969) 295-298. 

20 Ha n, S. H., Weiser, R. S. and Kau, S. T . Prolonged 
survival of skin a llografts in leprosy patients. In!. J. 
Lepr. 39 (1971 a) 1-6. 

21 Ha n, S. H., Weiser , R. S., Tseng, J . J. , and Kau, 
S. T. Lymphocyte transfer reactions in leprosy palienls. 
In!. J . Lepr. 39(197Ib) 7 15-7 18. 

22 Han. S. H., Weiser, R. S., and Tseng, J . J . Lympho
toxin production by Iymphocytes from leprosy patients. 
In!. J. Lepr. 39 ( 197Ic) 719-725. 

2JGajl-Paczalska, K. J. , Lim, S. O., Jacobson, R. R. , 
and Good, R. A. B Iymphocyles in lepromatous leprosy. 
N. Engl. J. Med . 288 (1973) 1033-1035. 

24 0wyer, J . M. , Bullock, W. E., a nd Fields, J. P. Ois
turbance of lhe blood T:B Iymphocyte ratio in leproma
to us leprosy. Clinicai and immunological correlations. 
N. Engl. J . Med . 288 (1973) 1036-1039. 

25 Nalh, I .. Curtis, J ., Bhutani, L. K. and Talwar, G . P. 
Reduction of a subpopulation of T Iymphocytes in lep
romalous leprosy. Clin. Exp. Immunol. 18 (1974) 81-87. 

26 Lim, S. O., Kiszkiss, O. F., Choi , Y. S., Gajl-Peczal
ska, K., a nd Good, R. A. Immunodeficiency in leprosy. 
Birth Oefects 11 (1975) 244-249. 
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the more loca li zed forms of leprosy. Possi
bilities include inocu lum size, route of inocu
lat io n,27 timing or frequencies of inoculatio n, 
etc. , which could induce tolera nce in certain 
individuais . A possi bility which is not likely 
but which cannot be entirely di smi ssed is 
that there could be subtle antigenic stra in 
differences in M. leprae which conceivably 
could be sufficient to allow for differences in 
the ultimat e clinicai manifes ta tion s of the 
di sease. 

2. The macrophage. A site for the funda
mentai leproma tous defect which has recent
Iy received attention on the se pages is the 
macrophage.28 This hypothesis hold s that the 
macro phages of lepromatous patients are 
congenitally deficient in an enzyme which 
normally digest s a crucial component of M. 
leprae. The lack of demonstrable cell-medi
ated immunity in lepromatous patient s is 
ta ken to be a consequence of fault y M . lep
rae antigen processing and presentation to 
Iy mphocyte s (see Figure). The hypothesis 
logically leads to the prediction that lepro
matous macrophages are inherently unable 
to dispose of M. leprae and that, regardless 
of the stimulus provided by Iymphokines , M. 
leprae cannot be efficiently eliminated in 
lepromatous patients. The hypothesi s also 
predicts that antigen processing and presen
tation would be defective both in the initial 
se nsitization of T Iymphocytes and also in 
the stimulation of T Iymphocytes already 
sensiti zed to M. leprae. Thus, even if T Iym
phocytes which were sensitized to M. leprae 
were to be provided to a lepromatous indi
vid ual the hypothesis predicts that the lepro
matous macrophages could not process and 
present M. leprae antigens to the sensitized 
T lymphocytes (see Figure). The substrate 
specificity of the mi ss ing enzyme in thi s 
hypothesis is striking, inasmuch as leproma
tous macrophages are able to c1ear various 
microorganisms, including other mycobac
teria , in a normal fa shion.29 

Additionally, lepromatous patients pro
duce abundant antibodies to antigens of M. 

27 Shepard, C. C. Immunology a nd animal experimen
tation in leprosy. Cutis 18 (1977) 80-96. 

28 Skinsnes, O . K. The lepromatous maerophage de
feet as related to vaeeine development in leprosy. Int. J . 
Lepr. 44 (1976) 485-490. 

29Convit , J ., Avila, J . L., Goihman, M., a nd Pina rdi , 
M. E. A test for the determination of eompeteney in 
c1earing baeilli in leprosy patients. BulI. WHO 46 (1972) 
82 1-826. . 

FIG URE. Model of the action of transfer factor 
on the immunology of leprosy. 

leprae. While none of these antigen specifi
cities may involve the antigens which are 
crucial for cell-mediated immunity, at least 
some of them are in ali probability thymic
dependent antigens. In order for antibody 
production to occur in respon se to thymic
dependent antigens, macrophages must 
process these antigens and present them to 
heI per T Iymphocytes. Thus, if lepromatous 
patients produce antibodies to thymic
dependent antigens of .M. leprae, it must be 
assumed that at least some processing and 
presentation of at least some antigens of M . 
leprae can be accomplished by lepromatous 
macrophages. 

3. The leprosy Ir gene. The next possibili
ty for the fundamental defect in lepromatous 
leprosy is the immune response (Ir) gene. 
There is a considerable body of evidence 
which suggests that the fundamental lepro
matous defect is genetically determined .30- 33 

The major points which support this genetic 
hypothe sis are I) the well known familial 
c1ustering of leprosy patients, 2) striking dif
ferences among separate populations living 
in the same area as to the prevalence of lep
rosy and the type of leprosy,30 3) studies 
which show high concordance rates of lep
rosy in identical twins,34 4) the characteris
tic persistence of anergy to M . leprae after 

30 S piekett , S. G. C hapter VII , Genetie meehanisms 
in leprosy. In: Leprosy in Theory and Praetiee, Coeh
ra ne. R. G. , a nd Davey, T. F., eds. , Baltimo re: Williams 
and Wilkins Co. (1964) pp 98-124. 

31 Newell , K. W. An epidemiologist's view of leprosy. 
BulI. WHO 34 (1966) 827-857. 

32 Mo hamed Ali, P. Genetie influenee in leprosy. Lepr. 
India 37 ( 1965) 252-267 . 

33 Beiguelman, B. Leprosy and geneties. A review of 
past researeh with rema rks eoneerning future invest i
gations. BulI. WHO 37 (1967) 461-476. 

34 Mohammed Ali, P ., and Ra manujam, K. Leprosy in 
twins. Int. J. Lepr. 34 (1966) 405-407. 
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lepromatous patients have had their antigen 
loads marked Iy red uced with chemothera
py, 30. 35 and 5) the classic study of Dharmen
dra and Chatterjee,36 indicating that the im
munologic defect of lepromatous leprosy 
seems to exist in individuaIs prior to expo
sure to M. leprae. 

In the mo use , on chromosome 17, there 
exists a region of genes, the major histocom
patibility of H-2 complex o This complex has 
a number of identifiable areas, designated K, 
I, S, D, and TL. Genes controlling the classi
cal transplantation antigens are found in the 
K and D regions of the H-2 complex. In the 
I region there are genes which code for the 
ability of the animaIs to respond immuno
logically to certain antigens, the so-called I r 
genesY More than 30 immune response or 
Ir genes have been identified in guinea pigs, 
mice, rats, and Rhesus monkeys. 38 

In humans, the analogous HLA complex 
also probably contains an area comparable 
to the I region in animais, which codes for 
the ability of humans to respond immuno
logically to specific antigens. In some dis
eases, e.g., ankylosing spondylitis and its 
association with the B-27 histocompatibility 
antigen , the evidence for a disease suscepti
bility in man is cIear,38 i.e., there is a clear 
genetic predisposition for ankylosing spon
dylitis , the susceptible individuais being 
identifia b le by t he d isease s uscepti bi lity 
gene (presence of an abnormal Ir gene or 
lack of a normal Ir gene) being closely linked 
to the serologically identifiable B-27 histo
compatibility antigen. Data from families 
with diseases other than ankylosing spondy
litis, such as psoriasis and celiac disease, also 
indicate disease susceptibility linked with 
classic HLA loci. 39 

3l Oharmendra and M ukerjee, N. Lepromin test in 
cases of lepromatous leprosy treated with sulfones. Lepr. 
India 22 (1950) 128-130. 

36 Oharmendra and Chatterjee, K. R. Prognostic value 
of the lepromin test in contacts of leprosy cases. Lepr. 
India 27 (1955) 149-158. 

37 Benacerraf, B. and Katz, O . H. The nature and func
tion of histocompatibility linked immune response 
genes. In: Immunogenetics and Immunodeficiency , 
Benacerraf, 8., ed., Baltimore: University Park Press, 
(1975) pp 117-177. 

38 Kemple, K. and Bluestone, R. The histocompa tibili
ty complex and rheumatic diseases. Med . Clin. North 
Am. 61 (1977) 331-334. 

39 Rachelefsky, G., Park, M. S ., Siegel , S., Terasaki, 
P. 1., Katz, R., and Saito, S . Strong association between 
B-Iymphocytes group-2 specificity and asthma . Lancet 
2 (1976) 1042-1044. 

In the I region of the H-2 complex in mice , 
there are genes which code for a series of 
proteins called la antigens. 40 In humans the 
area of the H LA complex comparable to the 
I region probably codes for la-like antigens 
on B lymphocytes. 41 Recently these la-like 
specificities have been somewhat defined in 
humans and in at least three diseases, multi
pie sclerosi's, leukemia , and asthma, there 
appears to be a greater association between 
disease susceptibility and these la-like genes 
than with the classic H LA or transplantation 
antigens. 39 

A number of studies have attempted to 
find correlations between leprosy and vari
ous available genetic markers33 including 
HLA antigens.42 In general there have not 
been convincing associations between sus
ceptibility to leprosy and these markers al
though a recent study of families with lepro
sy indicates that there may be such an 
association with HLA antigens.43 Studies in 
leprosy involving the newer la-like B lym
phocyte markers would be of considerable 
interest in this regard since these may more 
closely reflect associations between Ir gene 
loci and disease susceptibility than classic 
H LA or transplantation antigens. 

Considering the enormous number of 
genes in the total complement of human 
chromosomes, it is obvious that the demon
stration of an association between a given 
disease susceptibility gene and any of the 
relatively few available genetic markers 
is indeed fortuitous. The inability to dem
onstrate convincing correlations to date 
between leprosy and the limited markers 

40 Freed , J . H ., Brown, J. L. , and Natherson , S . G. 
Studies on the carbohydrate structure of la alloantigens: 
Comparison with H-2K a nd H-20 gene products. In: 
Membrane Receptors of Lymphocytes, Seligmann, M. , 
Preud'Homme, J . L. , and Kourilsky, F. M ., eds., Amster
dam-Oxford: North-Holland Publishing Co., 1975, pp 
241-246. 

41 Winchester, R. J ., Wemet, P., Oupont, B., and Kun
kel, H. G . HL-B, a system of non-H L-A alloantigens se
lectively exposed from B Iymphocytes. In: Membrane 
Receptors of Lymphocytes, Seligmann, M., Preud'
Homme, J. L., and Kourilsky, F. M., eds., Amsterdam 
Oxford: North-Holland Publishing Co., 1975, pp 323-330. 

42 Rea , T. H. , Levan, N. E. , and Terasaki , P. I. Histo
compatibility antigens in patients with leprosy. J. Infect. 
Ois. 134 (1976) 615-618. 

430eVries, R . R . P., Fat, R. F. M. Lai A., Nijenhuis, 
L. E., and Van Rood, J . J . H LA-linked genetic control 
of host response to Mycobacterium leprae. Lancet 2 
(1976) 1328-1330. 
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available attests perhaps more to the incom
pleteness of currently available methodolo
gies than to the lack of th'e existence of a dis
ease susceptibility or Ir gene for leprosy. 
Thus, there is considerable evidence that 
man possesses Ir genes which function in a 
manner analogous to those in experimental 
animais, and a very attractive hypothesis for 
the fundamental lepromatous defect is that 
prelepromatous individuais have Ir genes 
which do not permit their T Iymphocytes to 
respond to ·crucial antigens of M. leprae. 

4. Control mechanisms. Finally, the fun
damentai lepromatous defect could reside in 
one or more of the various control mecha
nisms on T Iymphocyte activation. This hy
pothesis presumes that T Iymphocytes, 
specifically sensitized to the relevant crucial 
antigens of M. leprae, do in fact exist in lep
romatous patients but that they are not de
tectable beca use of derangements in mech
anisms which function to control the 
intensity of expression of cell-mediated im
munity. 

There are a number of nonspecific mech
anisms which could conceivably prevent the 
activation of sensitized T Iymphocytes. Such 
mechanisms as enhanced endogeneous glu
cocorticoid leveis , metabolic abnormalities 
or autonomic imbalances resulting in changes 
in intracellular cylic nucleotides,44. 45 pros
taglandins ,46 human alpha-feto protein,47 
iron deficiency,48 T Iymphocyte depletion by 
entrapment in the course of the disease,49 

44 lgnarro, L. J ., Lint, T. F., and George, W. J. Hor
monal control of Iysosomal enzyme release from human 
neutrophil s. Effects of autonomic agents on enzyme re
lease, phagocytosis, and cyclic nucleotide leveIs. J. 
Exp. Med. 139 (1974) 1395-1414. 

45 Bourne, H. R ., Lichtenstein , L. M., Melmon, K. L., 
Henney, C. S. , Weinstein , Y. a nd S hearer, G. M.: Modu
la tion of inflammation and immunity by cyclic AMP. 
Science 184 (1974) 19-28. 

46Zurier, R. B. , Dore-Duffy, P . and Viola , M . V. Ad
herence of huma n peripheral blood Iymphocytes to 
measles- infected cells. Enhancement by prostaglan
din E I' N. Engl. J. Med . 296 (1977) 1443-1446. 

47 Lester, E. P., Miller, J . B., Baron, J . M., and Yach
nin , S. Inhibition of human Iymphocyte transformation 
by human alpha-feto protein (HAFP). Studies on the 
mode of HAFP action and the role of HAFP polymor
phism. Clin. Res. 25 (1977) 485 A. 

48 Lipsky, J . L. , and Lietman, P. S. Deferoxa mine and 
iron in lymphocyte blastogenesis. Fed. Proc. 36 (1977) 
975. 

49 Bullock, W. E., Evans, P. D. and Wyatt, C. R. De
pletion of Iymphocyte subpopula tions in the spleen by 
murine leprosy. Int. J. Lepr. 42 ( 1974) 509. 

replacement of pa racortical areas of Iymph 
nodes with lepromato us granuloma,5o pro
tein-ca lorie malnutrition or concommitant 
viral infection ,27 etc., are ali not likely poss i
bilities in view of the striking speci ficity of 
the lepromatous defect. In other words, such 
nonspecific mechanisms would be expected 
to create profound generalized T cell anergy 
in lepromatous patients if they alone were 
the site of the fundamental lepromatous de
fect , and this is clearly not the case clinically. 

There are control mechanisms, aside from 
Ir gene products, which are known to be an
tigen specific and would therefore be more 
likely sites for the fundamental lepromatous 
defect. H uman T lymphocytes are hetero
geneous,51 and diffe rent T cells are pre
sumed to function as effectors, helpers or 
suppressors of cell-mediated immune re
sponses. Thus, a functional deficiency of 
specifically sensitized hei per T cells or a 
functional excess of specifically sensitized 
suppressor T cells could account for the lep
romatous defect. There is recent evidence for 
suppressor cells in tHe spleens of mice in
fected with M. lepraemurium.52 On the other 
hand, the observations that lepromatous pa
tients can clear both M . leprae and M. lep
raemurium (or BCG) when the two myco
bacteria are administered intradermally as a 
mixture but that they can clear only M. lep
raemurium or BCG but not M. leprae when 
the mycobacteria are administered separate
ly,53 would suggest that the fundamentallep
romatous defect is neither in macrophages 
nor in suppressor T lymphocytes. If the in
ability of lepromatous patients to clear M. 
leprae were only on the basis that M . leprae 
activated suppressor T lymphocytes which 
then prevented Iymphokine production by 
existing sensitized effector T cells , then the 
mixed mycobacterial inoculations should 

50 Turk, J . L. , and Waters, M. F. R. Cell-mediated im
munity in patients with leprosy. Lancet 2 (1969) 243-246. 

51 Evans, R. L., Brea rd , J. M. , Lazarus, H. , Schloss
man, S. F., and Chess. L. Detection, isolation, and func
tiona l characterization of two human T-cell su bclasses 
bearing unique differentiation ant igens. J . Exp. Med. 
145 (1977) 221-233. 

52 Bullock, W. E. a nd Carl so n, E. Evolution of sup
pressor cell populations in experimenta l mycobacterial 
infection. Fed. Proc. 36 ( 1977) 1271. 

53Convit, J. , Pinardi, M. E., Rodriguez Ochoa , G., UI
rich , M., Avila, J . L. , and Goihman, M. Elimination of 
Mycobacterium leprae subsequent to local in vivo acti
vation of macrophages in lepromatous leprosy by other 
mycobacteria. Clin. Exp. Med. 17 (1974) 261-265. 
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have been simi larly protected from being 
cleared . Similar reasoning would apply to 
the possibility that the funda me n ta I lepro
matous defect is due to specifically sensi
tized B Iymphoc ytes which function as 
suppressor cells on T Iymphocyte respon
siveness. 54 

There are antigen-specific humoral fac
tors which may act as control mechanisms of 
cell-mediated immunity. Factors which are 
perhaps better known in cancer immunol
ogy; such as free antigen, "enhancing" anti
body, a nd antigen-antibody complexes,55. 56 
could account for the fundamental leproma
tous defect. The well-known bacillemia of 
untreated lepromatou s leprosy, 57 the evi
dence for high titers of antimycobacteria l 
antibodies, and evidence for circulating anti
gen-antibody complexes in lepromatous lep
rosy,58 ali points of these factors as potential
Iy playing a major role in the pathogenesis of 
the disease. On the other hand, there are two 
points which tend to rule out these antigen
specific humoral factors as being the sites for 
the fundamental lepromatous defect. Firstly, 
the life-Iong persistence of anergy in lepro
matous patients despite successful chemo
therapy and secondly, the uniform absence 
of response to M. leprae in in vitro lympho
cyte transformation tests, etc., of washed 
leukocytes from lepromatous patients wheth
er they be cultured in autologous sera or in 
sera from healthy individuais. It should be 
pointed out that antigen-specific (and non
specific) humoral factors , while not likely 
sites for the fundamental lepromatous de
fect, are very attractive as significant mech
anisms for the dynamic changes occurring in 

54 Turk, J . L. Leprosy as a model of subacute and 
chronic immunologic diseases. J . Invest. Dermatol. 67 
(1976) 457-463 . 

55 Rowley, D. A., Fitch, F. W., Stuart, F. P .. Kohler. H. , 
and Cosenza, H. Specific suppression of immune re
sponses. Science 181 (1973) 1133-1141. 

56Smith, R. T. Poss ibilities and problems of immu
nologic intervention in cancer. N. Engl. J . Med . 287 
(1972) 439-450. 

57 Drutz, D. l ., C hen, T . S. N. and Lu, W. H. The con-' 
tinuous bacteremia of lepromatous leprosy. N. Engl. 
J . Med. 287 (1972) 159-164. 

58 Rea, T H., and Levan, N. E. Current concepts in 
the immunology of leprosy. Arch. Dermatol. 113 (1977) 
345-352. 

59 Barnetson , R . StC., Barnetso n . A .. Pearson . 
J . M. H. , and Kronvall , G. Does nonspecific T-Iympho
cyte stimulation of B Iymphocytes occur during reversal 
reaction in borderline leprosy? Scand. J . Immunol. 5 
( 1976) 287-291. 

borderline leprosy .59.60 
Result s of TF in leprosy, From the pre

ceding discussion it is evident that there are 
a number of reasonable possibilities for the 
fundamental lepromatous defect , some more 
attractive than others. The results of trials of 
TF in leprosy have provided additional infor
mation as to the most probable site for this 
defect. 

A number of studies have been performed 
attempting immunotherapy of leprosy with 
viable allogeneic leukocyte inf usions, \4.6 \ 65 
with genera lly encouraging results. The re
sults of these trials of leukocyte infusions are 
difficult to interpret in the present context 
due to the multiplicity of cell types involved, 
i.e. , a number of possibilities exists for the 
mechanism of any benefits obtained in re
cipients. Thus infused monocytes could have 
corrected a fundamental macrophage defect; 
infused T Iymphocytes could have corrected 
a basic I r gene defect; host vs. graft reactions 
induced by the infusions could have caused 
nonspecific adjuvant effects, etc. 

Other studies involving the immunothera
py of leprosy have utilized dialyzable 
TF, \4. 64. 66. 67 in which there are more limited 

60 Bjune, G. and Barnetson, R. Stc. Plasma factors 
in delayed-type hypersensitivity. Augmentation of Iym
phocyte responses in borderline leprosy reactions. Clin. 
Exp. Immunol. 26 ( 1976) 397-402. 
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tran sfer factor. J. Clin. Microbiol. 1 (1975) 279-288. 

65 Goncalves. J . C. A. and Custodio. J. Treatment of 
Mitsuda-negative leprosy patients with transfusions of 
whole blood from Mitsuda-posi tive donors. Lepr. Rev. 
46 ( 1975) 15-20. 
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tos. O. Attempts to convert lepromatous into tubercu
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465-476. 
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possibilities for a mechanism of action. To 
brieOy review these findings, Bullock, ef al 14 

trea ted four lepro matou S' patients with TF 
in a single dose with material derived from 
approximately 4 x 108 leukocytes from don
ors sensi tive to M. leprae. In three of four 
patients, there was Dharmendra skin test 
conversion; none of the four showed evi
dence of acq uired cell-mediated immunity to 
M. leprae by in vitro immunol ogic testing; 
three of the four developed "Oares" or rever
sa l reactio ns68 and none showed evidence of 
enha nced bacterial clearing due to TF. Silva 
et al,66 a lso trea ted four lepromatous patients 
with TF prepared from the blood of lepromin 
sensitive donors. The material f rom I x 109 
leukocytes was administered as a single dose 
and no changes were noted in lepromin skin 
tests, no reve rsa l reactions were noted , and 
there was no evidence of enhanced bacterial 
clearing. Saha et al, 64 treated four leproma
tous patients with TF prepared from a total 
of 1.2 x 109 leukocytes from lepromin sensi
tive donors. TF was administered in three 
do ses at monthly intervals and two of the 
four recipients converted lepromin sk in tests 
from negative to positive. No reversal reac
tions or enhanced rates of bacterial clearing 
were indicated. Hastings et a/,67 treated four 
lepromatous and one borderline patient with 
TF from lepromin sensitive donors. TF from 
approximately 7.4 x 109 lymphocytes was 
given in 36 divided doses over a 12 week per
iod o In one of the four lepromatous recipients 
and in the one borderline patient , there was 
modest evidence of skin test conversion 
us ing integral lepromin. During the trial 
none of the four lepromatous patients 
showed evidence of cell-mediated immunity 
to M. /eprae by in vitro immunologic testing, 
while the borderline patient did transiently 
acquire po sitive responses to M. /ep rae in 
vitro by Iymphocyte blast transformation and 
indirect MIF assays. "Fiares" or reve rsal re
actions occurred in ali four of the leproma
tous recipients but did not appear in the bor
derline patient. There was c\ear evidence for 
enhanced bacterial c\earing as measured by 
sk in scrapings in ali four of the lepromatous 
patients but not in the borderline recipient. 
Of note is that one of the lepromatous recip
ients had sulfone-resistant disease, received 

68 Ridley, D. S . Reactions in leprosy. Lepr. Rev. 40 
( 1969) 77-8 1. 

no concomitant chemothera py, a nd c\eared 
bacilli in an acce lera ted fashion, but his baci l
li remained viab le by serial mouse foot pad 
inoculations throughout the 12 weeks of the 
tria!. This would be expected with an effect 
on the host's response to c\ear bacilli rather 
than a direct effect on the bacilli. AIso of in
terest were the observations that multi -focal 
reversa l reactions continued afte r TF injec
tions were stopped in a li four lepromatous 
recipients for a minimum of five months and 
a maximum of over three yea rs suggesting 
that whatever was induced by TF to cause 
reversal reactions either persisted for a long 
period or was se lf-replicating. Two possibili
ties exist for the mechani sm of thi s phenom
enon, the induction of memory T cells (not 
shown in the Figure) or the serial passage of 
TF to uncommitted T Iymphocytes (see Fig
ure) . On the other hand , rates of bacterial 
c\earing appeared to slow to that expected 
with chemotherapy alone after the TF injec
tions were stopped. 

To summarize four widely different trials , 
16 patients with active lepromatous leprosy 
were recipients of TF. In six there was evi
dence of lepromin skin test conversion and in 
seven "fiares" or reversal reactions were 
seen. None of the lepromatous recipients 
showed conversion of in vitro immunologic 
reactivity to M. /eprae, but four showed evi
dence of enhanced rates of bacterial c\ear
ing. These four subjects were ali recipients of 
the largest amounts of TF given for the long
est period of time. 

The lack of conversion of in vitro immu
nologic tests after TF is by no means conc\u
sive evidence that specific cell-mediated 
immunity to M . leprae was not induced by 
TF. In general it appears that skin test con
version, M IF production, and Iymphocyte 
blast transformation test conversions, in that 
order of frequency , may be seen after TF69 
and so me TF recipients with lepromatous 
leprosy showed lepromin skin test conver
sions. For an active leprosy patient to show 
reactivity against M . /eprae in in vitro immu
nologic testing, the patient must have tuber
culoid to borderline tuberculoid disease. 15 

Thus a given polar lepromatous (LL) recipi
ent of TF could undergo a reversal reaction 

69 Griscelli, c., Revillard , J. P., Betuel, H., Herzog, 
C. a nd Touraine, J . L. Transfer factor therapy in immu
no-deficiences. Biomedicine 18 (1973) 220-227. 
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to as far as midborderline (BB) without any 
expected change in his lack of response in 
these in vitro tests of specific cell-mediated 
immunity. Indeed in vi/ro immunologic re
sponsiveness, even in borderline-tuberculoid 
(BT) and polar tuberculoid (TT) disease, is 
not uniformly positive with present method
ologies. 

The creation of reversal reactions in polar 
lepromatous patients is a strikingly unusual 
phenomenon. This would not be expected to 
occur secondary to nonspecific adjuvant ef
fects since, firstly , the recipients of the TF 
showed virtuaJly no nonspecific toxic ef
fects,67 and secondly, nonspecific immun~
therapy in the past with such agents as Man
anum antigen and diphtheria toxoid have 
been clearly unsuccessful in leprosy.70 

Thus, there is rather convincing evidence 
that some of these lepromatous recipients of 
TF successfuJly developed activated T 
Iymphocytes after TF which then generated 
Iymphokines responsible for reve~sal reac
tions, lepromin skin test converSlOns, and 
macrophage activation and Iysis of M. leprae 
(see Figure). The observations in. lepro~a
tous recipients of TF are exactly In keepIng 
with what one would expect if TF operated 
by inducing individual T Iymphocytes to be
come antigen responsive in vivo to relevant 
antigens of M. leprae. The observations that 
the intensity of reversal reactions induced by 
TF in lepromatous recipients tended to wane 
after approximately the 10th week of a 12 
week trial and a totallack of clinicai respon
siveness in the single borderline patient 
treated by Hastings et al,67 are in keeping 
with the transfer of specific antigen respon
siveness to suppressor T cells71 when more 
than an optimum dose of TF was adminis
tered to the lepromatous patients and the 
natural existence of these suppressor T cells 
in the borderline patient. 

Implication of TF results for the site of the 
lepromatous defect. As discussed above, the 
likely overall possibilities for the fundamen
tal lepromatous defect are a) M. leprae, b) 
the macrophage, c) the leprosy Ir gene, and . 
d) antigen-specific control mechanisms on 

70 Faget, G. H. and Johansen, F. A. The diphtheria 
toxoid treatment of leprosy. In!. J . Lepr. 10 (1942) 
68-78. 

71 Kirkpatrick, C. H. a nd Gallin , J . I. Suppressio n of 
cellular immune responses following transfer factor: 
Report of a case. Cell. Immunol. IS (1975) 470-474. 

the activation of M. leprae sensitized T Iym
phocytes. TF trials in leprosy have provided 
additional information relevant to these pos
sibilities. 

If the effects of TF in lepromatous leprosy 
are on the basis of antigen-specific transfer 
of information to naive, previously unrespon
sive cells ilJ recipients, then the basic lepro
matous defect does not reside in any strain 
differences in M. leprae since the baciJli 
cleared by the TF recipients would be the 
same strain as those responsible for the dis
ease in that recipient in the first place and 
must carry similar antigenic moieties as the 
strains which sensitized the donors of the TF. 
It should be realized that the TF results do 
not shed light on the possibilities of differ
ences in the initial inoculum of M . leprae as 
possible sites for the fundamental leproma
tous defect. 

If the function of macrophages to process 
and present releVant M. leprae antigens (see 
Figure) is fundamentally similar in a) initial 
presentation to T lymphocytes in the normal 
ind uction of celi-mediated immunity (pri
mary immunization), b) presentation to TF
sensitized T lymphocytes in the elicitation of 
cell-mediated immunity or delayed hyper
sensitivity to M. leprae (to elicit "fiares" or 
reversal reactions) and c) to destroy intracel
lular M . leprae in response to lymphokines 
as a final effector mechanism of cell-medi
ated immunity in TF treated lepromatous 
patients, then the observatio~s of re~ers~l 
reactions and enhanced bactenal cleanng In 
lepromatous subjects treated with TF me~ns 
that their fundamental defect does not reside 
in the macrophage. In other words, if lepro
matous macrophages function normaliy to 
process and present relevant M. leprae anti
gens to T lymphocytes sensitized by TF and 
if they also function normaliy to Iyse M. lep
rae when influenced by lymphokines from 
activated T lymphocytes after they have 
been sensitized with TF, then it is most likely 
that they are capable of normal function in 
primary immunization with M. leprae. 

If TF sensitized T lymphocytes function 
normaliy in vivo in lepromatous patients and 
if TF operates only to create T lymphocytes 
sensitized to M . leprae, then antigen-specific 
humoral factors are not responsible for the 
fundamental defect. These humoral factors 
would be expected to remain operative on T 
lymphocytes newly sensitized by TF just as 
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they would be on pre-existing sensitized T 
Iymphocytes. Thus, the observation of rever
sal reactions in TF treated lepromatous re
cipients speaks against any of the possible 
humoral modulators of cell-mediated immu
nity as being the site of the fundamental lep
romatous defect. 

Thus, by e limination, the most proba ble 
si tes of the fundamental lepromatous defect 
are the Ir gene and antigen-specific T Iym
phocyte control mechanism s on cell-medi
ated immunity to M. leprae. If the Ir gene 
codes for products of regulatory T Iympho
cytes (helper and J or suppressor) which in 
turn regulate effector T Iymphocytes in cell
mediated immunity37 and if TF acts to trans
fer antigen-responsiveness to hei per and 
suppressor T Iymphocytes as well as effector 
T Iymphocytes, then both the Ir genê and 
regulatory T Iymphocytes may be the sites of 
the fundamental lepromatous defect. Indeed 
it has been suggested that the I r gene prod
uct may be expressed on a molecular com
plex which is both specific for antigen and 
has immunoregulatory function Y To explain 
the action of TF in lepromatous recipients in 
this case requires the hypothesis that TF 
transfers M . leprae antigen-responsiveness 
selectively to helper T Iymphocytes and not, 
at least to the same degree , to suppressor T 
Iymphocytes. This hypothesis leads to the 
conclusion that the fundamental leproma
tous defect functionally lies in an overactivi
ty of M. leprae antigen-specific suppressor 
T Iymphocytes and a deficiency of M. leprae 
antigen-specific hei per T Iymphocytes. As 
mentioned above, the ability of lepromatous 
patients to clear mycobacterial mixtures of 
M. /eprae and M . lepraemurium (or BCG),53 
would suggest that the fundamental lepro
matous defect, whether it involves Ir genes 
or not , does not lie only in a functional over
activity of M. leprae antigen responsive sup
pressor T cells. 

On the other hand, it appears that genetic 
immunologic nonresponsiveness in animais 
may not always be on the basis of suppressor 
T lymphocytes .J7 This leaves open the possi
bility that some Ir genes may simply function 
to provide the capability to T Iymphocytes of 
becoming sensitized to specific antigens. In 
view of the above discussion, if the leprosy Ir 
gene codes functionally for the ability of 
clones of effector T Iymphocytes to beco me 
sensitized to relevaht M. lep rae antigens, 

then , if TF acts to convert uncommitted ef
fector T Iymphocytes to sensitized effector 
T Iymphocytes, the fundamental leproma
tous defect lies with the leprosy Ir gene. This 
view, which will in ali probability prove to be 
quite simplistic as more knowledge is accu
mulated in this area, nonetheless appears 
most logical at present. This Ir gene site for 
the fundamental lepromatous defect , result
ing in an inability of otherwise competent 
T Iymphocytes to develop sensitivity to rele
vant antigens of M. leprae is compatible with 
the evidence for a genetic predisposition to 
leprosy, would be analogous to other disease 
susceptibility genes in man, and is compati
ble with the results of TF in lepromatous re
cipients. 

Implications for a leprosy vaccine. I f the 
results of TF trials in leprosy are an indica
tion that the fundamental defect in leproma
tous leprosy resides in a genetic location, 
then there is little hope in attempting immu
nization of prelepromatous individuais with 
M. leprae. Attempts to find a potential vac
cine from a cultivatible mycobacterial species 
which is serologically identical to M. leprae 
could be criticized on a similar basis, i.e., 
prelepromatous individuaIs would not be ex
pected to respond to an antigenically iden
tical organismo Additionally, serologic iden
tity may prove not to be as relevant to a 
vaccine as relatedness in cell-mediated im
mune systems. The most likely candidate for 
an effective vaccine to induce paraimmunity 
to M. /eprae in a target population of geneti
cally determined prelepromatous individuaIs 
would appear to be the most closely related 
mycobacterial species in cell-mediated im
mune systems which is capable of sensitizing 
patients with inactive lepromatous leprosy. 

There is little doubt that our present con
cepts are only rudimentary concerning the 
nature of the fundamental defect in leproma
tous leprosy and the implications of that de
fect for vaccine development. On the other 
hand , the understanding that carne to leprol
ogists when the dual compartment immune 
system model was enunciated was enormous. 
It may well be that the next major awaken
ing in the nature of the defect in leproma
tous leprosy may ultimately come about only 
after such seemingly esoteric immunologic 
questions are answered as the role of anti
body-dependent cell-mediated cytoxicity in 
the pathogenesis of intracellular parasitism, 
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the molecula r basis for th e induction of ce\l 
media ted immunity, the Ir gene product re
la ti onship to ce \l-mediated im munity, the 
fu\l clinica i significance a nd functional de
ta il s of subtypes of human T lymphocytes, 
the specificity and molecula r mechanism of 

the TF phenomeno n, etc. , a li as they relate 
to our parti cula r orga nism, M. leprae, and 
the intriguing but elusive nature of the de
fect in the defenses of its victims. 

- R OBERT C. HAST INGS, M.D., Ph.D. 
Chiej; Pharmacology Research Department 
USPHS Hospital, Carville, Louisiana 

The Need for Long-Term Follow-Up of Surgical 
Reconstruction in Leprosy 

It is now about a quarter of a century since 
reconstructive surgery in leprosy first re
ceived great emphasis, carne into vogue and 
was widely acclaimed as a maj o r advance in 
the care of leprosy patients. 

In at least some major areas of leprosy en
demicity, during this sa me quarter of a cen
tury there has been a marked decline in the 
incidence of new leprosy cases under the in
fluence of chemotherapy and rising stan
dards of living. Consideration of these trends 
suggested that in endemic areas where there 
are reasonably active therapeutic campaigns 
it can be expected that leprosy may be ex
pected to be a minor problem in 25 to 30 
years in-so-far as active new cases are con
cerned.' These conclusions seem to be sup
ported by the computer model studies re
ported by Lechat et ai. 2. 3 This assumes, of 
course, that there does not appear to be a 
far higher incidence of transmiss ion of drug 
resistant bacilli than has been evident to 
date. Some workers have recently been an
ticipating this latter possibility.4.5 

Be this as it may, it is fair to assume that 
in either case, there will for the foreseeable 
future be a considerable residuum of leprosy 
crippling necess itating care and attention. It 
would be good to have so me long-term as-

1 Skinsnes, O. K. Im muno-epidemiology of leprosy. 
Int. J. Lepr. 43 (1975) 145- 148. 

2 Lechat , M. F., Misson, C. B., Bouckae rt , A. and 
Vellut , C. An epidemiometric model of leprosy: a com
puter simulatio n of various control methods with in
creasing coverage. Int. J . Lepr. 45 ( 1977) 1-8. 

3 Lechat , M. F. Comm~nt s on immuno-epidemiology 
of leprosy. Int. J . Lepr. 45 ( 1977) 189- 190. 

4 Davey, T. F. The wind of change. Lepr. Rev. 48 
(1977) 1-2. 

5 Meade, T. w. How effective is the treatment of 
leprosy? Lepr. Rev. 48 ( 1977) 3-8 . 

sessment of the results, effectiveness, and 
durability of reconstructive surgical proce
dures in leprosy after a generation of experi
ence . We have not found such studies. 

There would seem to be particular need 
for such long-term evaluations in leprosy 
since it might be ex pected that the usua\ly 
irrevers ible nerve damage and changes in 
vascu lar circulatory dynamics might result 
in ongoing bone changes,6 which might mod
ify or vitiate the results of some reconstruc
tive procedures. 

Essentially the same holds true for x-ray 
studies of deformities. Several studies of the 
pathogenesis of bone changes have been 
published 7 14 from which it seems evident 
that there are progress ive changes resulti ng 
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genesis of extremity deformity in leprosy. A pathologic 
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