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Rep rinted Article 

We are happy to include the  following important reports 
by the courtesy of  the World Hea1th Organization. 

I m m u no log i c a l  Pro b l e m s  i n  Lep rosy R esea rc h*: 1 

This Memorandum reviews the present status of knowledge of the immunology of 
leprosy, with particular attention to developments since the publication of a similar 
review in 1 9 7 0 .  The d ifferent types of lepromin reaction and their significance in 
healthy contacts and in patients with tuberculoid and lepromatous leprosy are 
discussed .  The immunological responsiveness of patients with leprosy is also 
considered , with special attention to in vitro methods for evaluating· this response . 
Part 2 01' the Memorandum will cover possible mechanisms of altered immune 
response in leprosy ( inc1uding a tenta tive scheme to explain the possible genesis of 
the lepromatous lesion) ; genetic ,  nutritional,  and hormonal fact ors ; the possibility 
of vaccinatio n ;  attempts at immunotherapy ; and areas in which further research is 
need ed.  A detailed protocol for evaluating the effect of transfer factor in leprosy 
will be  inc1uded as an  appendix . 

Although leprosy is one of the principal public hea1th problems of the world,  the 
leprosy b acillus appears to be relatively innocuous and causes damage to host cells 
only after extensive proliferation. Immune responses protect the host against 
unlimited multiplication of bacteria and in most exposed individuais probably 
termina te the infection at a subclinical levei (Codal et  ai. , 1 97 3 ) .  Paradoxically, 
however, immune responses appear to play a major role in producing the various 
structural and functional disturbances that characterize leprosy . The analysis of 
immune mechanisms in persons infected with Myco. leprae is therefore complex 
and must range from the consideration of protective responses to intracellular 
microorganisms to the analysis of the mechanisms of immunologically-mediated 
tissue injury .  

Leprosy presents a clinicopathological "spectrum" of disease between two 
polar forms ( tuberculoid and lepromatous) . Tuberculoid leprosy, the highly 
resistant form , presents with a few well defined skin lesions that histologically 
resemble typical delayed-type hypersensitivity granuloma. The cellular reaction 
consists of focal collections of epitheloid cells surrounded by large numbers of 
Iymphocytes. B acil li are not found by  routine histological examinations or are 
very rare . 

In lepromatous leprosy , the "Iow resistant" form , however, the lesions are 
multiple and diffuse and consist predominantly of macrophages with an 
undifferentiated (histiocytic) or "foamy" appearance. The number of 

* This Memorandum was drafted by the signatories listed at the end of Part 2 .  



I M M UNOLOG I C A L  P R O B L E M S  IN LEPR OSY RESEA RCH 245 

Iymphocytes present is insignificant. Bacilli are present in large numbers in the 
macrophages. 

Between these two forms a continuous range of clinicaI and histopathological 
features is seen. Outside this range, early leprosy may manifest itself as a single 
vague skin lesion,  which has been called "indeterminate" leprosy . Histologically , 
loose collections of histiocytes and Iymphocytes, often associated with dermal 
nerves, are seen. A few bacilli may sometimes be seen in histiocytes, dermal 
nerves, and erector pilae muscles. 

An earlier paper on this subject (Bul!. Wld Hlth Org. , 1 97 0) emphasized the 
importance of a detailed clinicai and histopathological classification of leprosy so 
that immunological data could be adequately compared.  At that time the Ridley 
and J opling ( 1 966)  scale* appeared to provide add itional histological cri teria that 
had assisted immunologists with the clinicopathological classification of patients 
for research purposes. 

During the past two years the Ridley-Jopling classification has shown good 
correlation between the clinical-histological scale and the immunological status as 
assessed in vitro by lepromin sensitivity and lymphocyte reactivity to Myco. 
leprae. 

An international collaborative study involving the ex change of tissue slides 
from patients whose immunological status has been determined by in vivo and in 
vitro studies would serve to resolve existing differences in the classification of 
patients with leprosy.t 

Physiological and Antigenic Pro perties of Myco. levrae 

Bacteriology and an tigen ic composition 

Myco. lepra e is an obligate intracellular parasite. It has not been cultivated on 
artificial media, and only irregular and limited growth has been reported in tissue 
culture .  I t  has been grown in mice and other small rodents and in armadillos. 
Near1y all the b acteriological studies have been carried out in mice. The rate of 
growth during the logarithmic phase shows a doubling time of 1 2- 1 3  days 
( Shepard and McRae, 1 96 5 ) ,  irrespective of  the immunological competence of the 
mouse . The rate of growth has not changed on continued passage in mice during 
periods u p to  1 4  years . 

Isolates have been found to differ slightly in certain growth characteristics and 
have been classified as "fast" and "slow" ( Shepard and McRae,  1 9 7 1 ) ; "fast" 
strains have somewhat shorter incubation periods, faster average rates of growth 
between inoculation and harvest, and higher average bacterial populations at  
plateau. The distribution of various isolates is continuous between the two 
extremes of "fastness" and "slowness". The trait is stable on passage in  mice and 
rep eated isolations from the same patient have the same characteristic. There is no 
relatión to drug resistance. 

Isolates from different parts of  the world and from patients in the range LL-BT 
have b ehaved similarly in mice. S tudies of the tissue distribution of the bacilli in 

* :rhe Ridley-Jopling scale is as follows : TT, polar tuberculoid ; BT, borderline tuberculoid ; B B , 
borderlin e ;  BL,  borderline lepromatous ; LL, polar lepromatous. 

t Since 1 9 7 0 ,  WHO has planned collaborative studies involving nine laboratories in connexion 
with the WHO International Reference Centre for Histological Identification and Classification 
in Leprosy ( Instituto Nacional de Dermatologica,  Caracas,  Venezuela ). 
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mice and in men at several constant ambient temperatures indicate that  there i s  
no optimum temperature for the growth of Myco. leprae. 

Recent experience wi th  mice in the tropics has shown that temperature control 
(e .g .  air conditioning) is not necessary for experiments with Myco. leprac, 
although it is preferable for the health of the mice and for constan t results at 
different seasons of the year. 

Heat-killed suspensions of Myco . leprae fai! to react as a skin-test antigen in 
patients with lepro matous disease. This property is not shown by any other 
mycobacterium .  Immunod iffusion tests show that Myco. lcprae shares many 
antigens with other mycobacteria. However, one specific protein antigen 
("nodular ex tract") ,  which is inactivated by heat and trypsin , has been isolated so 
far (Abe, 1 97 0 ;  Abe e l  aI. , 1 97 3 ) .  The specificity of this antigen for Myco. leprae 
was demonstrated by immunodiffusion and immunoflu orescence tests with rabbit 
antisera against nodular ex tract and a wide range of my cobacteria (Abe, 1 97 1 ) . It 
is present in the tissues of lepromatous nodules and in the bacterium. 
Observations suggest that it is a protoplasmic antigen .  I n  a dose of 1 0  fJ.g, it gave 
positive 48 h skin reactions in patients with tuberculoid leprosy but negative 
reactions in those with the lepromatous form of the disease ( 3 0  of each) .  I t  is 
recommended that the specificity of this antigen in human skin tests be fully 
investigated. 

Another specific antigen, which is heat-stable, has been demonstrated by 
Iymphocyte transformation, and i t s  antigenic relationship to  nodular extract 
should be investigated by means of the lymphocyte transformation test. 

Detailed histological studies in man and in mice indica te that ali leprosy 
infections are systemic. The tissues that contain the 1argest numbers of bacilli in 
lepromatous disease are : the skin (exclusive of the axillae, creases, etc . ) ,  the nasal 
mucous membrane, the peripheral nerves, and the reticuloendothelial system , 
including the bone marrow. There is a continuous bacteraemia in patients with 
untreated lepromatous disease . Tuberculoid disease shows few bacilli ; they are 
largely concentrated in the dermal nerves and erector pilae muscles of the lesion 
and in the peripheral nerves. In the evolution of experimental disease, the invasion 
of nerves by bacilli is a late manifestation,  and therefore in man may also be 
secondary to extraneural infection. Peripheral neuropathy in leprosy is important 
but the means by which the bacilli enter the nerves is unknown. 

The route of transmission of  leprosy to man is not established . The portal of 
exit has commonly been assumed to be the skin or the nasal mucosa.  The number 
of bacilli excreted from the skin is small, whereas the output from the nose is 
large (comparable with that from the lungs in open cases of tuberculosis) .  The 
portal of entry also has usually been assumed to be the skin or the nasal mucosa , 
but is, in fact, unknown, and the bacillus might well enter the body in inhaled air. 

L epromin reaction * 
Type and standardization of leprom in. The original lepromin of Mitsuda ( 1 9 2 3 )  

and Hayashi ( 1 93 3 )  i s  a suspension of the whole autoclaved homogenized 
leproma, including some tissue elements. This is sometimes called "integral" 
lepromin . Purified bacillary suspensions have been made, more or less completely 
freed from tissue elements, and are sometimes called "bacillary" lepromins. 
Antigens that consist of the soluble proteins of the bacill i ,  with or without 

* For rea ction scale ,  see Buli. Wld HZth Org. ( 1 970) .  
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proteins of the leproma not coagula ted by heating, el ic it  only the early reaction . 
For dist inction, such antigens sh ould be called "Ieprolins". The "defatted" 
bac illary suspension devised by D harmendra ( 1 942)  is  used especially for testing 
the early react ion ; it  gives only a weak late reaction.  Because this material is 
obtained by the chemical ex trac tion of bacilli ,  i t  is nei ther a lepromin nor a 
leprolin as defined above, and therefore should b e  referred to as " J)harmendra 
antigen". The fundamental d ifference b etween lepromins and leprolins i s  that the 
latter el ic it  only the early ( Fernandez) reaction after 48 h ( Fernandez,  1 940) and 
do not themselves sensi tize ; the former also elicit the early reaction to a variable 
ex tent and in addit ion induce the late ( Mitsuda) reaction after four weeks. The 
test, being a form of "microvaccination" , could affect the immunological status 
of the individual .  One consequence is that persons nega tive to a first test may give 
positive reactions to a second or subsequent test.* 

The inject ion 01' autoclaved normal skin or homogenates has given negative to 
weak reactions i n  healthy persons and in  those with tuberculoid leprosy. From 
the practical point of view , therefore , there is a possibility that weak positive 
reactions may be caused by the excess of tissue components in the lepromin . 

The Mitsuda reaction is of prime importance for prognosis, particularly in 
patients with indeterminate and b orderline leprosy . Some investigators think i t  is  
useful for evaluating the relative resistance of  contacts and populations. In  order 
to obtain comparable data from different countries, the standardization of 
lepromin is necessary . 

Recent research has been directed towards the production of an improved 
lepromin and the investigation of M itsuda reactions to diluted lepromins. It is 
hoped to retain ali significant reactions to the bacilli while decreasing the number 
of false positive ( 1  +) reactions, which have b een attributed to tissue components.  
An improved lepromin should p ossess three properties : ( 1 )  bacilli  that have been 
subj ected to minimal, controIled mechanical trauma,  (2)  a uniform range of 
bacterial clump sizes, and ( 3 )  freedom from visible,  rapidly settling tissue 
particles. These qualities would increase the reliability of bacteria counts as a 
p rimary means of standardization and ensure the inj ection of uniform doses of 
b acteria with minimal tissue component.  

Healthy persons in endemic areas. The lepromin test is usuaIly negative in the 
first months after b irth. Befo re the age of  1 year, approximately 5 0% of children 
may present a weak ( 1  +) reaction. The proportion of positive reactions and the 
degree of  positivity increase steadily with age, and at  the age of 1 5  years and over 
most persons give a 2+ or 3+ reaction. 

Maturation and/or exposure to Myco. leprae, Myco. tuberculosis, and possibly 
other mycobacteria may be the cause of such reactivity.  The injection of lepromin 
can also act as a sensitizer. Some b elieve that prior sensitization with either Myco. 
leprae or Myco. tuberculosis d oes not offer an adequate explanation for the 
occurrence of natural reactivity to lepromin in some areas. The cause of such 
reactivity is in fact unknown. 

The in v itro test of  lymphocyte responsiveness to Myco. leprae appears to give 
a high proportion of p ositive resuIts in the contacts of patients with leprosy , while 

* Such studies are being carried out by  the WHO regional reference centres for standardization 
of lepromin (Johns Hopkins University , Leonard Wood Memorial ,  Department of Pathobiology , 
Baltimore, U S A ,  and the National Institute for Leprosy Research, Toky o ,  Japan) and by the 
Instituto de  Leprologia, Rio de  Janeiro, Brazil. These laboratories are able t o  provide lepromin 
for research purposes.  



248 WHO M EM O R A N D U M  

most of those who are not contacts give negative results (Cod al et  ai. , 1 9 7 3 ) .  On 
the other hand,  no association could be found between the intensity of the 
M itsuda reaction and the in vitro Iysing activity of the derived m onocytes of 
healthy individuaIs. 

Healthy persons in nonendemic areas. Several studies have shown that 
populations in areas where leprosy is not endemic ( Europe and the USA)  show a 
high proportion (about 80%) of positive Mitsuda reactions. The porportion of 
positive Fernandez reactions is low, even in patients with tuberculosis. 

Macroscopic and histological appearance. It has been shown that positive late 
lepromin reactions are characterized histologically by a tuberculoid-type 
granuloma, while nega tive and doubtful reactions  (O, ± )  are associated with a 
nonspecific cellular response. Weak positive (+) reactions are associated with a 
nonspecific cellular response in approximately 1 5% of contacts, while in 
tuberculoid and indeterminate cases of leprosy they are usually associated wi th a 
tuberculoid-type granuloma. 

Further histological studies are required to determine whether the greater 
refinement in the preparation of lepromin would reduce the frequency of 
nonspecific histological responses in + late lepromin reactions. 

Repeated reactions in healthy persons. I t  is well established that repeated 
M itsuda tests-often even a second test-can convey lepromin positivity . This type 
of conversion has been observed even in children who are tuberculin-negative. The 
reaction may also intensify (+) in a relatively high proportion of individuaIs. Thus 
lepromin may act as a sensitizer in persons who have the potentiality to react. 
Rees ( 1 9 64) has reviewed the significance of the lepromin reaction in mano 

White Cell Responses to Infections 

The main leucocytes involved in responses to chronic infections, including 
leprosy , are lymphocytes and macrophages, although polymorphonuclear 
infiltrations are found in acute exacerbations such as ery thema nodosum 
leprosum. Collaboration between Iymphocytes and macrophages appears to be the 
main defence mechanism against organisms, such as Myco. lepra e, that multiply 
within cells. 

Origin and activation of lymphocy tes 

This subject has been discussed in detail by the WHO Scientific Croup on 
Cell-Mediated Immunity and Resistance to Infection ( 1 9 7 3 ) .  Lymphocytes are of 
two m ain types-thymus-derived (T cells) and bone-marrow-derived (B cells) . T 
cells are generated within the thymus from precursor cells seeded from the bone 
marrow. Some of these T cells migrate to special regions of the lymph nodes and 
spleen (thymus-dependent areas) and proliferate following contact with the 
appropriate antigen. T cells are characterized by an extensive capacity for 
circulation from one lymphoid organ to another via the thoracic duct and blood 
and can freely penetrate most tissues, often returning to Iymph nodes in the 
afferent lymph. 

B lymphocytes also arise from precursors in the bone marrow and migrate to 
defined areas of the lymph nodes and spleen. These cells aIs o proliferate fol lowing 
antigenic stimulation, and some B cells can circulate although most appear to 
remain localized at their site of production in the lymphoid tissues.  

In  the peripheral lymphoid organs, the main prolifera tive stimulus for T and B 
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cells is antigenic stimulation. This is a highly selective process since individual 
lymphocytes are stimulated only by one or a limited number of antigens. The 
individual, or restricted, responsiveness of lymphocytes is a property acquired by 
these cells in the thymus and b one marrow in a process involving selective gene 
derepression and synthesis of antigen receptors-which , in the case of B cells, are 
immunoglobulins that can b e  demonstrated on the plasma membrane. 

While lymphocyte circulation ensures a regular distribution of lymphocytes to 
the tissues, this process is amplified when local deposits of antigens or 
microorganisms are present in a tissue. Reaction b etween antigen and the 
occasional circulating lymphocyte with specific receptors for that antigen causes 
lymphocyte activation and the local release of soluble factors, which may bring 
about the localization of additional leucocytes that are not necessarily specifically 
reactive. Since B and T cells responding to antigens become more adherent and 
less mobile than unstimulated cells, with the passage of time there may be a 
tendency towards selective accumulation of specifically reactive cells at local sites 
of antigen deposition and in the draining lymph nodes. 

The clonally expanded populations of T and B lymphocytes that develop 
following an tigenic stimula tion have distinct immunological functions. B 
lymphocytes and their specialized variants, the plasma cells, secrete specific 
immunoglobulins (antibodies :  Ab ) .  T lymphocytes are the effector cells of 
cell-mediated immune responses and in humoral responses to most antigens T cells 
collaborate with B cells, helping the latter to proliferate and secrete antibody. 

T lymphocytes responding to specific antigens undergo blast transformation 
and prolifera te. Activated T cells can kill target m ammalian cells with which they 
come into contact-e .g. foreign cells with antigens against which the T cells are 
specifically sensitized . This may possibly include target cells containing 
microorganisms if products of the latter reach the cell membrane .  There is no 
evidence so [ar that T cells can kill microorganisms by such direct contact. 
However, activated lymphocytes can increase the capacity of macrophages to kill 
microorganisms (see below) and also release macrophage-immobilizing factors. 

B lymphocytes responding to specific antigens secrete immunoglobulins, which, 
in conjunction with complement, are bacteriolytic for som e bacteria and can 
opsonify many microorganisms, thereby facilitating their phagocytosis by 
leucocytes. No information yet exists as to whether antigen-stimulated B cells 
release other soluble products that affect the localization and functional activity 
of other leucocytes. 

Macrophage produc tion, localiza tion and activation 
Most tissue macrophages are derived from blood monocytes, which originate 

from precursor cells located mainly in the bone marrow, with smaller numbers in 
the spleen (Nelson ,  1 97 0 ;  Metcalf and Moore , 1 97 1 ) . 

Following localization in different organs and exposure to varying stimuli, 
macrophages can adopt a wide variety of morphological forms. The resulting 
pleomorphism is well exemplified in leprosy where macrophages may appear as 
epithelioid , multinucleate, histiocytic ,  or foamy cells. In culture ,  c1onally-derived 
macrophages can assume a fibroblastic appearance,  and this may also happen in 
tissues. 

Macrophages and granulocytes are c10sely linked in  origin and regulatory 
control .  They share the same precursor cells (in vitro colony-forming cells) and 
their prolifera tive activity is controlled by the same regular system- the 
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glycoprotein colony-stimulating factor. Selective entry of the proliferating cells 
into the granulocytic or monocyte-macrophage pathway is determined by the 
concentration of this factor and by the operation of a complex of serum 
lipoproteins terrned "colony-stimulating-factor inhibitors" .  Macrophage for
mation is favoured by relatively low or high leveIs of inhibitor. 

Following vira 1 or bacterial infections, or the injection of bacterial antigens, 
there is a rapid increase in tissue synthesis of stimulating facto r and a subsequent 
rise in the leveIs of this factor in the serum. This response is radioresistant and not 
T-cell-mediated. Specifically preimmunized animaIs fail, on challenge, to exhibit 
this response and their depressed stimulating-factor reactivity is transferable to 
normal animaIs by immune sera. The rise in the leveIs of colony-stimulating factor 
following antigenic stimulation is followed by increased proliferative activity of 
granulocyte and monocyte-macrophage precursors ,  particularly in the spleen 
(Metcalf, 1 9 72) .  

Under certain conditions of antigenic stimulation-e .g. after  the  use  of  
complete adjuvants including mycobacteria-a limited degree of proliferation can 
occur in local tissue macrophages (see Nelson, 1 970) .  Under normal condi tions, a 
slow tumover of tissue macrophages results from the seeding of blood monocytes 
into the tissues and a limited d egree of relocation of tissue m acrophages among 
different organs. The latter process could result in the dissemination of organisms 
from one tissue to another-e .g. in lep,rosy , where the macrophages contain viable 
organisms. In  the lepromatous form of the disease dissemination may be favoured 
by frank bacillaemia. 

The localization of macrophages at si tes of antigen deposition may be  amplified 
by the release from reacting lymphoid cells of macrophage chemotactic and 
immobilizing factors. 

. 

Macrophages play a number of important roles in immune response (WHO 
Scientific Grou p on Cell-Mediated Immunity and Resistance to Infection, 1 97 3 ) .  
O n  the afferent side they allow ( a )  phagocytosis and modification of particulate 
antigens with the release of more antigenic determinants ;  and (b) long-term 
retention of antigen on the cell membrane in an accessible and correctly oriented 
form that is capable of activating potentially reactive Iymphocytes. This latter 
process may be facilitated by the capacity of macrophages to allow attachment of 
the Fc portion of immunoglobulins at the cell membrane.  Macrophage-associated 
antigen is especially efficient in eliciting cell-mediated immune responses. 

On the efferent side of the immune response,  the activation of 
macrophages-e.g .  by exposure to products of interactions between antigens and 
T Iymphocytes-increases the capacity of these cells to kill or inhibit the 
multiplication of certain pathogenic organisms. Macrophages so activated can kill 
L isteria monocy togenes and inhibit the multiplication of Myco. micro ti and 
Myco. lepraemurium, but their role in relation to Myco. leprae has not yet been 
investigated . The survival of some intracellular organisms (e .g .  Myco .. tuberculosis ) 
may be favoured by the failure of Iysosomes containing hydrolytic enzymes to 
fuse with phagocytic vacuoles containing living bacteria, but  in macrophages 
infected with Myco. leprae and Myco. lepraemurium such fusion appears to take 
place . Whether Myco. leprae can be digested by macrophages is also unknown. I f  
so, the process must b e  very slow since organisms remain demonstrable for years 
in the tissues of patients with lepromatous leprosy who are under treatment. 
Possibly the ultimate loss of organisms from lesions follows the relocation of 
macrophages con taining indigestib le cell walls. 
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Macrophages can also collaborate with fibroblasts in chronic inflammatory 
reactions. In silicosis, p artic1es that are ingested by and damage m acrophages 
stimulate collagen synthesis and extensive fibrosis. The presence of indigestible  
mycobacterial constituents or of immune complexes in certain types of leprosy 
may favour fibrogenesis by analagous mechanisms .  

The functional e fficiency of  the  extreme morphological variants of 
macrophages seen in leprosy lesions is unknown. The possibility that activated 
macrophages may release factors that modify the prolifera tive or functional 
activity of lymphoid or other cells has not yet been investigated, although 
macrophages exposed to mycobacterial and other adjuvants appear to increase 
lymphocyte proliferation in immune responses (WHO Scientific Group on 
Cell-Mediated Immunity and Resistance to I n fection, 1 97 3 ) .  

Lymphocy te function tests 
Distinguishing lymphocy te subpopula tions. Principal lymphocyte sub

populations can be identified and distinguished by virtue of their surface markers 
and by their response in vitro to certain nonspecific stimuli . B lymphocytes are 
known to have surface immunoglobulins that can be identified by direct or 
indirect immunofluorescence using polyvalent antisera to human immuno
globulins. In addition, B lymphocytes have a complement receptor that can be 
detected by rosette formation ( termed the "EAC rosette test")  with sheep 
ery throcytes coated with a rabbit anti-Forssman antibody ( i . e .  amboceptor) plus 
mouse complement (or human complement in sublytic concentrations) .  They also 
have a receptor for the Fc fragment of human immunoglobulin that has been 
either bound to antigen in the form of a soluble immune complex or heated at 
60° C. Because this last method req uires the use of isotopically labelled 
immunoglobulins or antigen, the EAC rosette test is more generally applicable.  
There is much evidence that T lymphocytes form spontaneous rosettes ( termed 
" E  rosettes") with washed sheep erythrocytes. Clearly ,  T lymphocytes do not 
have su rface receptors for immunoglobulin or for complement ;  nor do they have a 
receptor for the Fc fragment of human immunoglobulins. I t  has been possible to 
separate T and B subpopulations of human peripheral blood lymphocytes by 
physical methods using these properties. I n  addition, T Iymphocytes can be 
recognized by the blast-cell transformation test  using phytohaemagglutinin (PHA 
test) or aJlogeneic lymphocytes (MLC test) ; here lymphocyte stimulation is 
detected by morphological enumeration of blast cells or by their ability to 
incorpora te iso top ically label led thymidine .  

Specific immunological reactivity of cultured lymphocy tes. A number of in 
vitro tests have been and are currently being . developed to detect specific 
immunological reactivity of T and B lymphocy te subpopulations. This discussion 
is I imited to the two tests that have been most extensively applied to mano 
Antigen-induced blast-cell transformation is thought to detect primarily T-cell 
sensitization .  although there are situations in which B cells are thought  to 
respond o In ord er to assess the significance of Iymphocyte transformation 
responses it is desirable to test reactivity to a panel of common antigens with 
which most individuaIs in the population may have had contact (e .g. tuberculin 
PPO, streptokinase-streptodornase , Candida. mumps) .  A positive lymphocyte 
transformation test in inferred when the number of blast cells in 
an tigen-stimulated cultu res exceeds by 3% the number in the control cultures or 
when there is a twofold (or greater) increase in thymidine incorporation relative 
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to the control cultures. The second widely used test of lymphocyte reactivity is 
that in which antigen inhibits the outward migration of leucocytes from cell 
suspensions packed in capillary tubes. In  this test it is thought that 'specific 
antigen stimulates the lymphocytes to generate a migration inhibition factor 
whose action in this sytem is recognized by the inhibition of polymorph 
migration. A positive leucocyte migration test in inferred when specific antigen 
reduc\!s leucocyte migration areas by 20% (or more) with respect to control 
cultures. In this test it is important to d elineate toxic ( i . e .  nonimmunological) 
effects of antigens on the migration of leucocytes ; accordingly,  antigen 
preparations should be  used at  concentrations below those that inhibit leucocyte 
migration from individuais known not to be  sensitized. As with Iymphocyte 
transformation, the significance of leucocyte migration inhibition is b est assessed 
by reference to other common antigens to which individuais may be expected to 
have d eveloped sensitivity. 

Technical considera tions. For distinguishing T cells and B cells it is desirable to 
work with purified washed lymphocytes. Peripheral blood Iymphocytes are best 
obtained by centrifugation through a solution containing " Ficoll" (a  sucrose 
polymer) and sodium metrizoate (or sodium diatrizoate or diodone) at a specific 
gravity of 1 . 078  ( Boyum , 1 9 6 8 ) ;  ce lls purified in this way can also be used for 
Iymphocyte transformation studies. In the assessment of lymphocyte 
transformation it is desirable to employ a range of antigen concentrations and to 
determine the t ime course of response, and dose-response relationships should 
similarly be obtained in leucocyte migration. In lymphocyte transform ation tests, 
the measurement of radiolabelled thymidine uptake is preferable owing to its 
greater precision and sensitivity ; however, morphological assessment of b last cells 
correlates well with thymidine uptake if the cells are counted by an experienced 
observer. I t  is recommended that individual tests of Iymphocyte transformation 
be carried out in duplicate or triplicate, and that in leucocyte migration six 
replica te capillaries be  used at each antigen concentration. Both tests are now 
available in a miniaturized form that permits the use of smaller quantities of 
blood,  making replicate tests and paediatric applications possible. 

Immunological Responsiveness in Leprosy 

While the humoral immune responses, as gauged by serum immunoglobulin 
leveIs and the ability to form antibodies to bacterial vaccines such as T AB, are 
unimpaired in patients with leprosy , there is increasing evidence of a depression of 
cell-mediated immunity in certain categories of patients suffering from leprosy. 
The degree of depression varies from the TT to the LL end of the spectrum in 
relation to the clinicai, bacteriologi cal, and histopathological status of the subject .  
The maximum impairment is noticeable in untreated patients with the polar form 
of lepromatous leprosy. As will be specified below, it appears that the depression 
of cell-mediated immune response is both specific and nonspecific .  Peripheral 
leucocytes from untreated cases of lepromatous leprosy show poor trans
formation with PHA and Myco. leprae antigens. Upon treatment, the mitogenic 
response to PHA is improved, while anergy to Myco. leprae antigens is maintained 
over many years of treatment with sulfones. The status of immunological 
responses in various categories of patients with leprosy as shown by in vivo and in 
vitro tests is considered below. 
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In  vivo studies o n  cell-media ted immunity 

In Ji iJiO studies on cell mediated immune processes in leprosy have included the 
foliowing tests : ( I )  reactivity to killed (autoclaved) suspensions of whole Myco. 
leprae bacill i  (bacillary lepromin) and Oharmendra lepromin ; ( 2 )  delayed 
hypersensitivity to other bacterial antigens, such as tuberculin ( P P O ) ;  (3) active 
sensitization to 1 -chloro-2 ,4-din itrobenzene and 2-chloro- I , 3 , 5-trinitrobenzene 
("picryl chloride") ; and (4)  skin allograft rejection.  The findings may be 
su mmarized as follows. 

L epromin tes ting. Patients with tuberculoid leprosy give uniformly strong 
reactions of the late type (Mi tsuda reac tion) but a variable  degree of reactivity of 
the early type ( Fernandez reaction) .  Patients with polar lepromatous disease give 
uniformly n egative resui ts in both tests. Patients with borderline leprosy show a 
variable degree of reactivity, depending on their place in the pathological 
spectrum-i .e .  those with the BT and TT forms react similarly ,  while untreated 
patients with the BL form usually reveal a nega tive response (Myrvang, 1 97 2 ) .  

Delayed hypersensitiJiity to PPD a n d  o th er microbial an tigens. I n  contrast t o  
late lepromin, the reactivity to P P O  does n o t  bear a consistent relationship to the 
spectru m of disease in patients with leprosy . Variable proportions of positive and 
negative reactors are found in patients with tuberculoid , borderline,  and 
lepromatous disease (Myrvang, 1 97 2 ) .  Similar observations have been made with 
other microbial antigens (Turk and Bryceson, 1 97 1 ) . 

A ctiJie sensitization. A high proportion of patients with lepromatous disease 
have been found not to respond to 1 -chloro-2 ,4-dinitrobenzene, in contrast to 
heaithy persons and those with the tuberculoid form of the disease (Turk and 
Bryceson, 1 97 1 ) . Similar findings have been noted with 2-chloro- I ,3 , 5 -trinitro
benzene ( Bullock, 1 96 8 ) .  

Skin allograft rejection. Patients with t h e  lepromatous and, t o  a lesser degree, 
the tuberculoid form of the disease have revealed a delayed rejection of allogeneic 
skin grafts as compared with heaithy individuais. The degree of impairment in 
patients with lepromatous leprosy was found to be  correlated to bacillary 
concentration of the skin at the site of transplantation ( Han et ai. , 1 97 1 ) . 

Assessmen t of lymphocy te function in vitro 
The following methods have been used to assess cell-mediated immune response 

in patients with 1eprosy : ( 1 )  blast transformation of peripheral leucocytes in the 
presence of who1e Myco. lepra e, leprolin ,  other mycobacteria, and PHA ; ( 2 )  
mixed leucocyte culture, a n d  ( 3 )  tests of the ability of sensitized Iymphocytes to 
produce b iologically active products. 

Elast transformation.  The method of Iymphocyte transformation has recentIy 
been established for the study of Iymphocyte reactivity to Myco. leprae in Ji itro 
(Bullock and Fasal ,  1 97 1 ;  Godal et ai. , 1 97 1 ) . While patients with TT leprosy 
respond quite strong1y , those with the LL form of the disease regu1ariy give 
negative results ( Buliock and Fasa1, 1 97 1 ;  Godal et  ai. , 1 97 1 ) . Those with BT 
leprosy show a variable degree of responsiveness, while those with untreated B L  
d isease are usually nega tive (Myrvang, 1 972) .  The fai!ure of lepromatous 
Iymphocytes to respond to Myco. leprae appears not to be  reversed even after 
many years of chemotherapy (Godal et  aI. , 1 97 2a) .  

Although lepromatous leucocytes fai! to transform in the  presence of Myco. 
leprae, they respond to a varying degree of other mycobacteria1 antigens, such as 
whole BeG and PPO (Myrvang, 1 972) .  The levei of reactivity appears to depend 



254 WHO MEMORANDUM 

on the status of treatment-i.e. untreated patients with lepromatous leprosy have 
revealed lower reactivity than those who received prolonged chemotherapy 
(Codal el ai., 1972). 

Phytohaemagglutinin in solution induces the blast transformation of T cells and 
can thus be used as a measure of T cell responsiveness. The test can be performed 
on a micro scale with 50 tIl of blood. Well-standardized methods that permit 
sensitive and repeatable measurements have been described (Mehra ef aI., 1972). 

The mitogenic response of peripheral leucocytes to PHA is observed to be 
depressed in untreated cases of lepromatous leprosy, while tuberculoid and 
DDS-treated lepromatous cases show a normal response (Talwar ef ai., 1972). 

Peripheral leucocytes from untreated cases of lepromatous leprosy manifest 
low transformation when cultured in autologous as well as in AB serum (Mehra et 
aI.. 1972). Furthermore, serum from patients with lepromatous leprosy fails to 
inhibit Myco. leprae-induced transformation of leucocytes from patients with the 
tuberculoid form of the disease, suggesting that transformation inhibitory factors 
are absent from these sera (Codal ef ai., 1972). 

Mixed leucocyte culture. The blast-cell responsiveness of lepromatous 
leucocytes (L x L) appear to be of similar degree to that of tuberculoid (T x T) 
leucocytes in mixed leucocyte cultures (Codal et ai., 1971). The response to 
phytomitogens, as compared with allogeneic cells, has so far not been studied in 
individual patients. 

Production of lymphocyte factors. The supernatant fluid from cultures of 
Myco. leprae with Iymphocytes from patients with untreated lepromatous leprosy 
does not aggregate guineapig macrophages (MAF) (Talwar et aI., 1972) or affeet 
their migration (MIF) (Katz et ai., 1971). Moreover, the migration of lepromatous 
leucocytes is not inhibited when they are cultured in the presence of Myco. leprae 
(Myrvang, 1972). Patients with tuberculoid leprosy give a positive response in ali 
these tests. 

Humoral responses in leprosy 

Immunogloublins. Increased leveis of IgC, IgA, and IgM are frequently found in 
cases of lepromatous leprosy and erythema nodosum leprosum, although many 
patients have values within normal limits. IgD leveis are within normal limits but 
IgE leveis are sometimes higher than those in control samples from the same areas. 
The leveis are somewhat higher in lepromatous leprosy than in the tuberculoid 
form of the disease, although there is considerable overlap. The production of 
antibodies to unrelated antigens such as typhoid/paratyphoid vaccines appears to 
be normal in patients with tuberculoid and lepromatous leprosy (Sheagren et ai., 
1969; Jhaetal., 1971). 

Antimycobacterial antibodies. Circulating antibodies against the polysaccharide 
antigen shared by Myco. leprae and other mycobacteria have been demonstrated 
by immunodiffusion, immunofluorescence, and indirect haemagglutination tests. 
A very high proportion of patients with lepromatous leprosy and a minority of 
those with the tuberculoid form of the disease have these antimycobacterial 
antibodies, and the antibody leveis are higher in the former than in the latter. 
Specific antibodies against Myco. leprae have also been demonstrated by indirect 
immunfluorescence with sera from patients with lepromatous disease absorbed 
with cardiolipin and mycobacterial polysaccharide (Abe ef ai., 1972b). These 
antibodies seem to react with protein antigens of Myco leprae, because the 
reaction is greatly reduced by autoclaving or trypsin digestion of bacilli. The 
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antibodies compete with rabbit antibodies against "nodular extract" antigen as 
judged by immunofluorescence reactions. 

The antibodies specifically reacting with Myco. leprae are found in IgG and IgM 
classes, but none has yet been found in the IgA (Abe et ai., 1972). It would be of 
special interest to know whether IgA antibodies to Myco. leprae are present in 
secretory fluids such as nasal fluido 

Although irradiated or ALS-treated thymectomized mice can praduce 
antibodies against heterologous proteins, the specific antibody response of these 
immunosuppressed mice against Myco. leprae and its relationship with the 
development of disease are not yet fully clarified. Antibodies against Myco. leprae 
have not yet been demonstrable in the immunosuppressed mice. 

It would be interesting to investigate, using the model disease in mice, the 
possibility that a humoral response against Myco. leprae may inhibit the 
development of cell-mediated immune responses. Some intact mice infected with 
Myco. leprae develop a lepromatous type of disease after a long incubation 
period, and antibody against mycobacterial polysaccharide antigens has been 
observed by immunodiffusion. Thc contrast with T-cell-deprived mice suggests 
that a T-cell hei per effect may be required for the formation of antibody against 
mycobacterial antigens. The presence of antimycobacterial antibodies in patients 
with lepromatous leprosy suggests the presence of T-cell function. 

Autoimmunity. Since mycobacteria exert adjuvant effects, they might be 
expected to stimulate the formation of many autoantibodies. There have been 
many reports of increased autoantibodies in patients with lepromatous leprosy, 
but the findings have not been uniform. Cryoglobulins are common in India and 
Italy but are rare in Japan and Malaysia. The incidence of antinuclear factors, 
rheumatoid factors, antithyroglobulin antibodies, and cold autoantibodies is 
raised in patients with lepromatous leprosy in some countries but not in others. 
False positive results of serological tests for syphilis are common, and may be 
related to the presence in Myco. leprae of a cardiolipin antigen. Cytotoxic 
antibodies that react with lymphocytes from a panel of normal subjects at 15° C 
and Iyse these cells in the presence of complement have been found in patients 
with lepromatous and, to a lesser extent, tuberculoid leprosy. Further 
compara tive observations on autoimmune reactions in leprosy would be of 
interest, especially the evaluation of the possible role of autoantibodies against 
Iymphocytes in the generalized depression of T-cell function often found in the 
lepromatous form of the disease. Such antibodies should be tested against 
Iymphocytes fram the same patient rather than from other subjects. It would also 

be of interest to know whether autoimmune reactions against nervous tissue 
contribute to peripheral nerve injury in a manner analagous to experimental 
allergic neuritis. 

Allergic reactions and nerve damage in leprosy 

Allergic reactions. Two types of allergic reaction in leprosy were described in 
Bull. Wld Hlth Org. (l970)-erythema nodosum leprosum and reversal reactions. 

Erythema nodosum leprosum occurs in highly bacilliferous patients (BL-LL) 

and both the local and systemic manifestations observed suggest that immunc 
complexes are involved in the pathogenesis of these lesions. Moreover, IgG and 
{3l c/{3la (components of C3) have been demonstrated in the lesions by 
immunofluorescence (Wemambu et aI., 1969). Further support for this concept 
has recently been provided by the finding of immune complexes in the serum of 
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such patients as demonstrated by precipitation with Clq (Moran ef  aI.,  1 97 2 ;  
Estrad a-Parra , 1 9 7 3 ) .  However, a s  a proportion of patients with lepromatous 
leprosy but without ery th ema nodosum leprosum also show complexes by this 
technique, further studies-- in c1uding more detailed characterization of the antigen 
and the antibody in these complexes-are needed. There appears to be no 
difference in the immunoglobulin leveIs in  patients with ery fhema nodosum 
leprosum and in those without this condition but with lepromatous leprosy ; 
however, complement (C2 and C 3 )  is raised (Bull. Wld Hlth Org. , 1 9 70) .  

Reversal reactions may occur throughout the spectrum of leprosy , wi th the 
çxception of the two polar groups as defined by the Ridley-J opling c1assification . 
Such reactions often appear "spontaneously" in un treated patients, but may aIs o 
be precipitated by chemotherapy against Myco. leprae. Some observations suggest 
that BCG vaccination or exposure to Mycu. tuberculosis may precipitate such 
reactions. 

Present evid ence indicates that reversal reactions are due to a rapid increase of 
cell-mediated immune response to Myco. leprae for the following reasons : ( 1 )  
reversal reactions are associated with a shift in histological c1assification ,  both in 
lesions and in Iymph nodes, towards  the tuberculoid end of the scale (Souza Lima 
and Cerqueira , 1 946 ; Souza Lima and Rath de Souza, 1 949 ; Souza Lima, 1 9 5 3 ;  
Ridley , 1 969 ; Turk and Waters, 1 97 1 ) ; ( 2 )  patients with reversal reactions reveal 
strong responses to Myco. leprae in vitro as measured by lymphocyte 
transformation and leucocyte migration inhibition (Godal, 1 97 2 ) ;  and (3) mice 
with high bacillary loads develop, following injections of syngeneic lymphoid 
cells, changes in their lesions that resemble the reversal reaction in man ( R ees, 
1 97 0 ;  Gaugas e f  ai. , 1 97 1 ) . 

Nerve damage. Peripheral nerves are affected in ali forms of leprosy and during 
allergic reactions .  In tuberculoid leprosy the histological lesion in the nerve is the 
same as in  the skin ,  but can also sometimes produce caseation ("abscess") ,  both 
resulting in  destruction of nerve fib res with subsequent fib rosis. In lepromatous 
leprosy nerves are heavily infected with bacilli, mainly in Schwann and perineurial 
cells. Although the infected nerves are not damaged initially in  lepromatous 
leprosy , neuritis eventually develops in a high proportion of such patients ,  and the 
perineurium is mainly affected. In patients developing reversal reactions or 
ery fh ema nodosum leprosum, cellular changes corresponding to those in the skin 
occur in nerves, l eading to severe damage to nerve fibres. 

Experimental  leprosy in the mouse also results ultimately (8-3 0 months) in 
nerve involvement and has provided a model for studying in detail the evolution 
of leprosy neuritis and the effect of "reversal reactions" on infected n erves ( Rees 
and Weddell ,  1 968 ; Weddell ef  ai. , 1 97 1 ) . Thus, in reversal reactions, oedema 
formation within the nerves is an important cause of nerve fibre destruction. In 
mice with l eprosy the perineurial cells are frequent/y damaged and later there is 
aIs o increased permeability of the capillaries in the nerves (Boddingius ef  ai. , 
1 972) .  

The observations in the  mouse suggest that leprosy neuritis may be  due to a 
change in the endoneural  environment following a defect in the blood and/or 
perineurial nerve barrier. Further compara tive observations on human leprosy 
neuritis would be of interest, especially evidence of such a defect in man and for 
an immunological origin of  the d efect .  
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I m m u n o l og i c a l  Pro b l e m s  i n  Leprosy R esea rc h :  2 

Part 2 of this Me morandum covers possible mechanisms of altered immune response 
in leprosy (including a tenta tive scheme to explain the possible genesis of the 
lepromatous lesion) ; genetic, nutritional,  and hormonal factors ; the possibility of 
vaccinatio n ;  attempts at immunotherapy ; and areas in which further research is  
needed .  A detailed protocol for evaluating the effect of  transfer factor in leprosy is  
included as an appendix . 

Possible Mechanisms of Altered I mmune Responsiveness in Leprosy 

Depression of specific immunological responses 

2 5 7  

Humoral and cell-media ted immunity. In complete immunological tolerance 
there is a failure to mount immune responses to a parficular antigenic determinant 
together with a normal ability to respond to other antigens. This can be  induced 
by exposure to a wide variety of antigens in high dosage or, in the case of soluble 
protein antigens, by the repeated administration of low doses. High-dose tolerance 
appears to involve the elimination or inactivation of both B and T cells with 
specificity for the specific antigen. In contrast , low-dose tolerance appears to 
involve the selective inactivation of specifically-reactive T cells leaving B-cell 
function intact. Immunological tolerance may not always be absolute,  and various 
degrees of suppression of specific cell-mediated immune responses and specific 
antibody formation have been described .  The duration of tolerance depends on 
the dose of antigen used to induce the unresponsive state. 

Certain individual animaIs are genetically incapable of mounting an effective 
immune response to particular antigenic determinants. Genetic unresponsiveness 
is controlled by "immune response" ( I r) genes, which may be linked to genes 
controlling maj or histocompatibiJity antigens or to genes controlling immuno
gIobulin structure (e .g. allotypy of immunoglobulins).  Other types of similar 
unresponsiveness may be  under multifactorial genetic control. 

Selectipe suppression of cell-media ted immunity. A form of partial 
immunological unresponsiveness that primarily affects T-lumphocyte function can 
result from the administration of protein or microbial antigens by a route or in a 
physical form that does not normally produce cell-mediated immunity .  This 
phenomenon of antigen-mediated depression has been referred to as "immune 
deviation" .  While the mechanisms underlying this phenomenon have not been 
fully established,  i t  is possib le either that the T cells are selectively rendered 
tolerant or that prior induction of antibody deviates antigen away from engaging 
T cells .  In  contrast, "immunological enhancement" refers to the situation in 
which sensitized lym phocytes present in an individual are unable to effect 
cell-mediated immunity because of block ing by antibodies or antigen-antibody 
complexes.  The simplest mechanism is that in which antibody or antigen-antibody 
complexes cover antigens on target cells ,  thereby rendering them inaccessible to 
sensitized T cells. These forms of immuno-depression can be different iated by 
ascertaining the extent of T-cell desensitization and the ability of serum from 
immunized donors to block specific T-cell function in vipo or in pitro .. 

Desensitization of cell-mediated immunity can be achieved by the inj ection of 
antigen in large or repeated doses. l t  is believed that sensitized T cells are 
activated in the circulation, exhausted of their capaci ty to produce mediators , and 
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unable to respond when they encounter antigen in the tissues. Unless antigen is 
administered repeatedly , sensitization usually reappears. 

In one type of immunodeficiency, and in some col!agen autoimmune diseases, 
depression of T-cel! fun ction has been related to the presence of circulating 
Iymphocytotoxic autoantibodies. In  this situation, cel!-mediated immune 
responses to a wide variety of antigens are suppressed.  

Selective suppression of an tibody. Under physiological conditions, the 
formation of specific antibody is under feedback control . This is mediated by IgG 
antibodies that selectively suppress the formation of IgG and IgM antibody 
directed against the same antigenic determinants. The immunization of animaIs 
with low doses of antigen can lead to the formation of smal! amounts of 
high-affinity antibody that can suppress antibody formation on subsequent 
exposu re to larger amounts of the same antigen. 

T cells not only exert a "helper" funct ion in antibody formation but also exert 
selective feedback inhibition of specific antibody formation (e .g .  allotype and 
autoantibody suppression) .  

A n tigen ic competition. There is experimental evidence that cell-mediated and 
humoral responses to a given antigen may be  suppressed by the prior or 
simultaneous injection of unrelated antigens. This phenomenon is referred to as 
"antigenic competition" and is thought to result from the preemption of T and B 
cells or from competition for pathways of antigen processing in macrophages. 
Experiments have been described in which antigenic competition may take place 
between different  determinants on the same antigenic macromolecule,  

Mechanisms by which specific immune responses are increased 
A dju van ts. The administration of antigen with adjuvants may i ncrease antib ody 

formation, cell-mediated immune responses, ar both. Some adjuvants, such as 
alum or vitamin A,  selec tively increase antibody formation but not cell-mediated 
immunity. Killed mycobacteria in oil (Freund's complete adjuvant) or, under 
certain circumstances, BCG increase cell-mediated immunity to a greater extent 
than antibody formation, although this effect is not always predictable.  Recent 
studies suggest that bac terial and other adjuvants such as poly-A : poly-U exert 
effects direct1y on macrophages and ind irect1y through the proliferation or T 
Iymphocytes ( Al lison, 1 97 3 ) . Such adjuvant effect disappear in animaIs deprived 
of T lymphocytes. Certain adj uvants such as poly-A : poly-U added in vitro to 
leucocyte cultures increase reactions carried out by T cells, such as mixed 
ly mphocyte reactions and responses to tuberculin .  

While it would be of great importance to have adjuvants that  could increase 
cell-mediated immunity in pat ients with lepromatous leprosy , the possible hazards 
involved in the use of adj uvants should be recognized . Among these are the danger 
of producing ery thema nodosum leprosum, increasing ;.tntibody formation ra ther 
than cell-mediated immunity,  and the possible precipitation of autoimmune 
complications, su ch as allergi c neuritis. 

Composition and chemical modification of an tigens. The antigenic 
determinants recognized by T and B lymphocytes are often different .  Certain 
antigens, such as chemical contact sensit izers, certain basic proteins of 
membranes, and schistosome egg antigens, preferentially stimulate cell-med iated 
immune responses. The chemical modification of antigens-e .g. the aceto
acetylation of proteins (Parish and Lieuw, 1 97 2 )  or coupling with fa tty 
acids-selectively stimulates cell-mediated immune responses rather than antibody 
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formation. Analogous modifieation of Myco. leprae or eross-reaeting antigens 
might be used to stimulate eell-mediated immune responses in patients with 
leprosy. 

The administration of very small doses of antigen,  or of antigen-antibody 
eomplexes in the eorreet proportions, ean aIs o favour eell-mediated immunity 
rather than antibody formation. The route of administration may also affeet the 
outeome. Chemieal sensitizers induee eell-mediated immune responses when 
applied to the skin, whereas administration by the oral ar intravenous route ean 
prevent the elieiting of eontaet sensitivity on subsequent applieation to the skin. 

Lymphoid celt transfer. The injeetion of viable Iymphoeytes from speeifieally 
sensitized donors into nonsensitized reeipients of the same speeies ean eonfer 
both specifie cell-mediated immunity and enhanced specifie antibody production 
on the recipient.  The ex tent and duration of these responses is usually greater if 
d onor and recipient are syngeneic. The ability of such recipients to manifest 
cell-mediated immunity ( e .g .  delayed hypersensitivity) is thought to depend on 
adequate survival of the donor's T celIs ; thus cell transfer of cell-mediated 
immunity is ineffective between animaIs of different species. The injection of 
b oth sensitized Iymphoid cel ls  and the specific sensitizing antigen may confer on 
syngeneic recipients on ability to give enhanced cellular and humoral responses to 
an unrelated antigen. This can aIs o occur if  sensitized or non-sensitized Iymphoid 
cells are injected into allogeneic recipients ; this phenomenon , termed the 
"allogeneic cell effect",  is thought to be mediated by activation of the recipient's 
T cells and possibly macrophages also. 

Injection of sensitized lymphoid celt ex tracts. CelI-free extracts of p eripheral 
blood leucocytes fram human subjects with delayed hypersensitivity to bacterial 
antigens can apparentIy confer a state of specific delayed hypersensi tivity when 
injected into nonse nsitized human subjects. Transferred sensitivity may persist for 
some weeks or m onths, and its duration is thought to be extended by the 
repeated injection of leucocyte extract. The active p rincipIe, termed "transfer 
factor", is found in RNA-rich dialysate fractions of human leucocyte extracts ; 
d ialysable hu man transfer factor is not active when injected into experimental 
animaIs, nor can such transfer factor be  generated by species other than man o 
However, resistance to certain ex perimental tumours has been stimulated by the 
injection of macramolecular RN A derived fram cells from specifi calIy immunized 
donor animaIs .  There is some d ou b t  as to the spec ificity with which cell-mediated 
immunity is stimulated ; thus an adjuvan t-l ike effect of transfer factor ( in man) or 
RNA p reparations ( in animais) has not been excluded .  

Ten ta rive scheme for lhe  possib le gen esis of leprosy lesions 

Stud ies in  mice suggest that an infect ion with Myco. leprae can be  established 
with about five viable baci l l i .  After a long period these grow exponential ly with a 
doubl ing time of 1 2 - 1 3  days for a l imi ted period , after which the rate of growth 
decl i nes, even  in immunosu ppressed mice .  It i s  l ikely that the undetected early 
stages of  the human infection are s imi lar .  Many infections probably show 
spontaneous cure before the number 01' organisms is su ffic iently large to produce 
a c1 ini cally detectable les ion.  S ince tu berculoid les ions can show spontaneous 
cure, i t  seems reasonable to postulate that a microtuberculoid reaction is involved 
in the recovery from infection at the subcIinical leveI, and the demonstration of 
specific  lym phocyte transformation with Myco. leprae antigens in contacts of 
leprosy cases supports this view. 
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One possiblity is that in the absence of any immunological reaction the number 
of organisms can ultimately b ecome sufficiently large to produce clinically 
detectable lesions. These would be  the indeterminate cases, in which it may b e  
postulated that lesions result from simple infiltration with macrophages ,  in a 
manner analogous to a foreign-body reaction without any immunological 
component. Infiltrating macrophages become infected and there may be local 
depigmentation. 

Immune responses to Myco. leprae antigens somehow occur later in the course 
of bacterial multiplication. I f  there is effective cell-mediated immunity , a 
c1inically apparent tuberculoid lesion develops while the number of organisms is 
relatively small. The predominant feature of such lesions is cell-mediated 
immunopathology .  

There are two possible explanations for the evolution of a polar lepromatous 
lesion from an indeterminate one : ( 1 )  that as the number of infected macrophages 
increases the character of the lesion changes without any local allergic reactions ; 
and (2 )  that there is a chronic antibody-mediated immunopathological reaction 
somewhat analogous to ex trinsic allergic alveolitis in the lung. The generation of 
small amounts of immune complexes over a long period might facilitate the 
recruitment of macrophages to produce a pure macrophage granuloma with mild 
fibrogenesis. Experience with the lung shows that in chronic antibody-mediated 
immunopathology, bound immunoglobulin and complement are not usually 
detectable in lesions, so that it may be difficult to ascertain directly whether there 
is any immunopathological component in the lepromatous lesions. 

Irrespective of its role in lepromatous lesions, antibody-mediated immuno
pathology probably makes an important contribution to ery thema nodosum 
leprosum.  Various possible explanations ex ist for the susceptibility of some but 
not other patients with lepromatous leprosy to this complication. One is that the 
quantity or nature of the antib odies against Myco. leprae antigens is different in 
patients who develop ery th ema nodosum leprosum. For instance, they might have 
antibodies belonging to a complement-fixing subc1ass of immunoglobulin, whereas 
insusceptible patients do not. Altematively , susceptible patients might have IgE as 
well as I gG antib odies.  Reactions o f  Myco. leprae antigen with IgE m ight increase 
vascular permeability , thereby prom oting local accumulation of IgG or IgM 
antibodies, which on reaction with antigen might induce polymorph infiltration, 
degranulation,  and other signs of Arthus-type hypersensitivity .  

In  borderline cases of leprosy , both cell-mediated and antib ody-mediated 
immunopathological reactions may be present in varying degrees, depending on 
the position of the case in the range between the polar forms of the disease . 

Immunopathological reactions are of special interest in relation to the 
mechanisms of nerve damage in leprosy. Cell-mediated immunopathological 
reactions are of major importance in the tuberculoid forms of the disease and 
d uring the COUrse of reversal reactions. Chronic antibody-mediated immuno
pathology may play a role in stimulating fibrogenesis in peripheral nerves in 
chronic lepromatous disease . Antibody-mediated allergic reactions in a patient 
with ery thema nodosum leprosum may cause acute aggravation of nerve 
damage . 

It is useful to make a d istinction between the presence of systemic immune 
responses,  humoral and cell-mediated ,  and localizing factors that ensure that these 
are manifested at the sites of bacterial multiplication. LittIe is known about initial 
localizing factors in cell-mediated immunity, although once a local reaction occurs 
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excl\.lge{:1, §jnce i1i�h leveis qf antibmliê§ to §Qme antj�el1S of It1>1QQ. !f;pr'(1(! are 
frequently detectablê in the sera gf patient§ with lêpromatous !IlPfQSY, HQwevef, 
it is stlll possib!e that cgrnpkte tglêrapce i§ indyçeç! tq a &mall nllwber of Myço, 
{çpr(1 e ,mti�ens thM flf� imp9rtant wHh r�Sfl�çt to ç�ll"rnêdiªteQ immlll1ity ,  

lmrrnlnoJogical enhangílwent qpp�ar§ Wljkêly §inçe ( 1 )  ��rllm frQ!ll patient§ 
witlI !êprgmMgll§ lypro�y fails tg lnhibit tlw i!1 v;trq r\l�pgn§� gf !ympnQçytes 
from Pfltients with tJ.lpílrçlllojd diseª§@ to MYf:Q, lepn1e, ilnQ C�) lymphoqyte� from 
pati!mt� with lepmmªtgm leprg�y dg 110t r-e§PQm1 to Myco. fgprfle in !lOfw{l.l 
human §erllJIl · The d\ê§emi!i7lªtlQl1 gf OêU�míldiated imrnunity al�Q ílIlpeafS 
unlikely because patients with lepwmiltous leprgllY f!lH tg re�pond tg Myço, 
leprae. evell when the alltigenic 10ilç! hil§ º�en r�dllçeq Qf �Hmjnilteg by trêiltment.  

The availªªle data do nôt permit a distillçt!9n b�tween s\<lel?tiv\ê T-cell tgh�rilnCe 
or antibody�jnduced deviation of T-cell sensitization. 

Genetic, Nutritional and Hormonal Factors 

A recent study on 1 02 twin pairs indicated that among monozy�gtiç twins 
there was a high concordant incidence ( 5 9 . 7%, 3 7/62) of leprosy in both 
siblings-i .e .  both twins were affec ted.  In  the dizygotic pairs, the concordant 
incidence of leprosy was lower (20%, 8/40). These observations suggest that 
genetic constitution is a predisposing factor to leprosy. 
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These studies also showed that  in 40% of monozygotic twins  one mem ber of 
the twin pair rem ained free of any cl inicai manifestation of the d isease. Moreover, 
the type of leprosy in five ident ical twins was different .  These results indicate that 
factors other than genetic composit ion-e .g. i ntensity and type of infection, 
nutri t ional status,  and other systemic factors-may be im portant . Some recent 
studies have pointed to a notable effect of protein-calorie malnutri tion on 
immune responses (WHO Scient ific Group on Cell-M ediated lmmuni ty and 
Resistance to lnfection, 1 9 7 3 ) . Other systematic factors, such as hormones ,  have 
also been observed to affect Iymphoid organs (Pandian and Talwar, 1 9 7 1 ;  Talwar, 
1 9 7 2 ) . 

Studies on the interaction of gene tic ,  hormonal, nutri tional,  and other 
predisposing factors should be extended with a view to defining their role in the 
suscept ibil ity of a subject to leprosy. 

Vaccination 

Vaccina tiol1  in mall 

The development of a specific vaccine for the prevention of leprosy in 
handicapped by the present  inability to cul ture Myco. leprae in virro ,  and 
vaccination efforts have been restricted to trials with BCG. 

The United Kingdom MedicaI Research Council trial in Uganda (September 
1 960-September 1 970)  (Brown and Stone,  1 96 6 ;  Brown e t  aI. . 1 968a, b ,  1 969)  
was confined to child contacts and relatives of known cases of leprosy (BCG 
group,  8085 ; control group ,  8065) .  By the end of the fou rth fol low-up 
examination ( 1 970) ,  20 I cases of leprosy had been diagnosed in the unvaccinated 
children of the primary (main)  intake , and 4 1  cases in the BCG-vaccinated 
children .  This represents a reduct ion in incidence of 80% attributable to the BCG 
vaccination . The efficacy of BCG does not appear to be associated wi th any of the 
following factors : sex, age at intake,  and type of leprosy (lepromatous or 
non-Ieprom atous) in the index case. Findings also showed that  there is a slight 
falling-off in the efficacy after the second follow-up among the children of the 
main intake . 

In Karimui (New Guinea),  a study has been carried out on about 5 000 persons 
of all ages. The findings (Scott et  aI. , 1 9 66 ; Russell et  ai. , 1 96 8 )  indicated, with 
regard to leprosy incidence ( 1 963- 1 969) ,  that the efficacy of BCG vaccination 
was 46% for the total population, 47% for males (alI ages) ,  47% for females (al I  
ages) ,  44% for children aged 0-9 years, 5 6% for children aged 5- 1 4  years, 56% for 
the age group 20-29 years and �5% for persons aged over 30 years. 

The WHO trial in Burma,  started in August 1 964, is concerned with a child 
population , mainly not exposed at home (BCG group,  1 4, 1 08 ;  control group, 
1 4, 1 1 2) (Bechelli et  ai. , 1 970) .  The findings up to the end of June 1 97 1 ,  which 
related to six annual follow-up examinations ,  were 285  cases of leprosy in the 
BCG group and 325  cases in the control group.  The incidence rates in the age 
group 5-9 and 1 0- 1 4  years were similar in the vaccinated and unvaccinated groups,  
irrespective of tuberculin reaction. However, in the group aged 0-4 years at intake, 
BCG-vaccinated children had a lower rate than those of the control group-a 
protection rate  of 44. 2%. The proportions of indeterminate,  tuberculoid, and 
tuberculoid in  reaction cases were similar in both trial groups.  

The findings concerning the incidence in the three trials are strikingly different 
and relate only to  early cases of leprosy. The interpretation of these results 
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requires further data on : forms of leprosy , bacterial status, lepromin reactivi ty, 
evolution of cases, and leveI of endemicity . Once this information is available ,  i t  
should b e  possible t o  appraise the prevent ive effect  o f  B C G  in leprosy and the 
impact the vaccine may have on the trend of the disease . 

EX{Jeri/ l len ta/ iml1 1 u n i l)' in m ice 

Protection is observed as a reduction in  the number of Myco. leprae that grow 
in vaccinated mice.  Heat-ki l led vaccines prepared from various mycobacterial 
cul tures have been compared and M l ·CO .  lUberculosis has been found to confer the 
greatest degree of protection . Living BCG was at least as e ffective ,  and the effect  
was not much red uced when the BCG organisms were heat-kil led .  The route of 
administration has  been stud.ied wi th l iving  BCG, the intravenous route being 
most effective, although the i n terderm al and intraperitonea! rou tes were n ot 
much inferior ;  a low dose given in the foot was some times highly effective . The 
degree of protection was dose-depende/H and was still de tectab!e with ! x 1 06 
BCG bacil l i  given in tradermal ly .  Vaccine given after challenge was effective . 

Reinfection experiments with My co . leprae given in a new site (the other 
footpad) h ave usually failed to indicate any immunity,  and even though the first 
infect ion showed a plateau, the mice usually developed a second infection that 
was fully comparable to a primary one .  

Mice experimentally inoculated with Toxoplasma gondii develop chronic  
infect ion with persisting antigen and delayed hypersensitivity . Their macroph ages 
are activated , as demonstrated morphologically and by the abi!ity of the 
macrophages to kill L is teria. Such mice have been found to be partially resistant 
to Myco. leprae. The immunity is increased if Toxoplasma antigen is given locally 
in the footpad. 

Attempts at Immunotherapy 

Attempts at immu notherapy have consisted chiefly in the injection of 
peripheral leucocyte suspensions and of leucocyte extracts in an attempt to 
increase cell-mediated immunity in cases of leproma tous leprosy. 

Inject ion of allogeneic lymphocytes 
Three groups of workers have reported the intravenous inj ection of allogeneic 

lymphocytes into patients with lepromatous leprosy .  Paradisi et  aI. ( 1 969)  
observed the acquisition of Fernandez sensitivity in four of 1 3  patients who 
received leucocytes from n ormal hea1thy subj ects with intense positive tuberculin 
reactions .  Saha et  aI. ( 1 97 1 )  inj ected, on three successive occasions, peripheral 
Iymphocytes from healthy donors with strong Mitsuda sensitivity into four 
patients who showed dapsone intolerance ; the patients showed clinicai,  histo
l ogical , and bacteriological improvement .  Improvement in clinicai s tatus was 
maintained for 2Yz years . One patient developed Femandez sensitivity after five 
months but n one developed Mitsuda reactions (Saha et aI. , 1 972) .  In a third study 
Lim, Fusaro and Good (personal communication) treated 1 5  p atients wi th 
lepromatous,  mixed, or tuberculoid leprosy with 8- 1 0  successive weekly injections 
of leucocytes from different hea1thy donors either presumed to  be lepromin 
posit ive or shown to be lepromin negative and tuberculin negative .  Each leucocyte 
infusion was given from a separate donor, and donors and recipients were 
deliberately mismatched to facilitate reactions with donor cells and to avoid early 
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imm une elimination of the cells .  Patients of ali three groups  showed clinicaI, 
histological , and bacterial improvement .  The improved clinicaI status was 
maintained for fou r  mon th�;. Wi th respect to the prolonged response to leucocyte 
inj ections, the second and tl ürd of the reports noted above are similar. 

InfeC! ion of leucocy te extrarcts ( transfer factor) 

BulIock e f  aI. ( 1 97 2 )  p repared d ialysable leucocyte extracts from lepromin
sensit ive heal thy subj ects and  inj ected the preparations subcutaneously into nine 
patients with lepromatous disease on one occasion. Within seven days, six of the 
patients developed weak Fernandez reactions and experienced transien t  inflam
mat ion of leprous skin infiltrates. Lymphocyte transformation to My co. leprae 
antigen remained nega tive and there was no long-term improvement in clinicai 
status .  M it tal ef aI. (unpublished data,  1 97 2 )  prepared nondialysed leucocyte 
extracts from heaIthy I ndi an subjects and inj ected the extracts intravenously into 
four patients with leprom atous leprosy on three occasions at monthly intervals. 
During a 5-month period , two patients developed positive Mitsuda tests, but no 
clinicaI , histological , or bacteri ological improvement was obtained.  

Areas for Further Research 

( I )  Animal experiments should be undertaken using killed mycobacteria and 
isol ated mycobacterial an tige:ns-e.g .  "nodular extract" and cell walls-antigen 
being administered (e .g. intravenously, in low doses, by repeated feeding, and 
intranasally ) so as to bring about preferential stimulation of antibody formation. 
Challenge with infectious mycobacteria and skin-test antigens would indicate 
whe ther prior antibody form a tion can suppress cell-mediated immune responses 
to these ant igens as predicted by an immune deviation model.  

(2) The transfer of Iymphoid cells to non-immuno-suppressed "Ieprom atous" 
m ice with high leveIs of Myco. leprae antibodies would indicate whether T cells 
can fun ction in this situation. The occurrence of "reversal reactions" induced by 
the transferred cells would suggest a state of T-cell tolerance ; the failure of the 
cells to induce such reactions would also be consistent with immune deviation. 

( 3 )  The class and subclass of antibodies to Myco. leprae in the serum , infected 
tissue , and nasal secretions of patients with alI forms of the disease should be 
determined.  This information may help to predict which lepromatous patients are 
more likely to develop ery thema nodosum leprosum -e.g.  whether only patients 
with antibodies in complement-fixing classes or subclasses are susceptible to this 
complication. Regional differences in susceptibil i ty to the condition may be 
explicable on this basis. These studies m ay also help to clarify the role of local 
antibody formation in the immunopathology of leprosy. A search should be made 
for reaginic antibodies to Myco. leprae antigens. Likewise , the presence of such 
antibodies may contribute to susceptibility to ery th ema nodosum lepras um. 

(4) lt would be of interest to determine whe ther the failure of some patients 
with indeterminate leprosy to  become lepromin positive fol lowing treatment is 
related to the leveI and class or subclass of antibodies before and following 
treatment .  A correlation between the  presence of such antibodies before or  during 
treatment and fai lure to develop cell-mediated immunity would be most 
consistent with the immune  deviation model. 

( 5 )  l t  is important to use m odem techniques to characterize more fully the 
nature of the cellular defect in lepromatous leprosy. The number of lymphocytes, 
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the proportion of T cells (E rosettes) and B cells (EAC rosettes), and 
responsiveness in the lymphocyte transformation test to a battery of common 
antigen should be determined. 

(6) Immunological techniques recently applied to leprosy (particularly the 
specific Iymphocyte transformation test) should be widely employed (a) in field 
studies on the reactivity of contacts and non-contacts of patients with leprosy in a 
geographically-defined endemic leprosy area ; and (b) in population samples in the 
three BCG trial areas. 

(7) Further in vi tro studies are needed on the interaction between lymphocytes 
and macrophages in relation to host resistance to Myco leprae. The studies should 
be designed so that the role of macrophages, lymphocytes, and products of 
activated Iymphocytes in both the induction and expression of immunity may be 
separately analysed. I t  is recommended that recently established in vi tro methods 
for studying Iymphocyte-mediated modification of antibacterial activity of 
macrophages be used.  

(8)  l t  would be of interest to establish whether in vitro transformation of 
human lymphocytes by Myco. leprae antigens is due to T lymphocytes. Selective 
enrichment or deple tion of T cells by E-rosette formation, antisera reacting 
spe cifically with T cells, or removal of B cells by immunoabsorbants would help 
to decide the poin t .  

(9)  A possible role for T-cell inhibition of T-cell reactivity in the lepromatous 
forro of the disease might be  evaluated in mixed Iymphocyte cul tures. Positive 
suppression would be expected if the le ucocytes of an identical twin with 
tuberculoid leprosy were cul tured in the presence of antigen together wi th 
leucocytes of the other twin with lepromatous leprosy . Sufficien t  numbers of 
identical twins who are discordant for leprosy type are available to allow this 
distinction to be m ade .  

( 1 0) The availability of concordant and discordant leprosy cases amongst 
identical twins should aIs o provide a useful opportuni ty to test the hypothesis 
relating to specific and non-specifi c  depression of cell-mediated immunity. 

( 1 1 )  The regulation of macrophage prol iferation should be investigated in 
patients with various types of leprosy by measuring serum leveis of colony
stimulating factor and i ts inhibitor. The agar-cul ture technique should be used to 
determine the incidence and proliferative activity of m acrophage precursors in the 
bone marrow,  blood , and local lesions of patients with leprosy . 

( 1 2 ) Further studies are needed on the biochemical mechanisms by which 
macrophages kill and degrade in trace l lu lar MJ 'co .  leprae. Attempts  shoul d  be 
made to establish whether human macrophages activated by products of activated 
lymphocytes or col ony-stim ulating factor are able to inhibit the mul tiplication of 
Myco. leprae. The use of colony-stimulating factor and newly-developed media 
may facilitate the establishment of long-term human mononuclear phagocyte 
cul tures which are required for this purpose . Such studies may help to explain the 
mechanism by which the body e l iminates mycobacteria in tuberculoid leprosy , 
al though not lepromatous leprosy. 

( 1 3 )  I t would be of interest to determine whe ther a primary nasal infection is 
associated with a greater risk of developing lepromatous leprosy than a primary 
skin infection. In pract ice , nasal infection could be sought  in contacts of patients 
with lepromatous  leprosy and in early indeterminate cases .  The incidence of 
persisting lepromin negativi ty in such cases as com pared with those lacking 
evidence of nasal infection could be determined .  Such studies may indicate 
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whether routes of infection other than through the skin predispose to lower 
cell-mediated immunity .  

( 1 4) I t  would be  of interest to  follow the lepromin reactivity i n  vivo and in 
vi tro of babies bom of mothers with lepromatous leprosy where Myco. leprae had 
been found in the placenta or cord blood. While little is known about the 
induction of immun ological tolerance in neonate humans, the failure of such 
children to become Mitsuda positive would be consistent with the immunological 
tolerance mode! .  

( 1 5 ) While assessing the role of BCG in protection against leprosy it would be 
of interest to compare the effect of BCG inoculated directly into skin lesions wi th 
that of inoculation at other sites. Intra-lesion inoculation may help to localize 
T-cell effects at the sites of lesions. 

( 1 6 ) Further studies on autoimmunity in patients with leprosy from different 
populations should be undertaken , with special reference to evaluating the 
possible role of autoimmune reactions in nerve damage. 

( 1 7 ) The possible presence of autoantibodies that are cytotoxic for lympho
cytes should be explored,  particularly by comparison between patients with 
lepromatous leprosy showing unimpaired cell-mediated immunity to unrelated 
antigens and those with a generalized nonspecific depression of cell-mediated 
immunity. 

* * 
* 
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Résumé 

Problemes d' Immunologie dans la  Recherche sur la Lepre 

Le présent document fa i! le point  des  connaissances act ue l les en matiere d ' immun ol ogie de la 
le pre et  expose les  progres accomplis d ans ce dom aine depuis la pub lication d'une revue 
similaire en 1 97 0 .  

L'é preuve la p l u s  anciennement  utilisée pour évaluer l 'é tat  immunitaire d e  l 'organisme à 
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l 'égard d e  My co. leprae e s t  la  réaction tardive à la lépromine .  L e s  renseignements l e s  plus 
significatifs donnés par cette réaction sont indiqués.  

Des méthodes plus récentes permettan t  d 'analyser l'état de l 'immunité à support cellulaire , 
telles la transformation lym phoblastique on l ' inhibition de la migration des leucocytes, ont é té 
appliquées à l 'étude de la lepre . 11 est de plus en plus démontré que l'immunité à support 
cellulaire est déprimée dans certaines formes de lepre .  Le niveau de l'immunité à support 
cellulaire baisse du type polaire tuberculoi'de au type polaire lépromateux selon une gradation 
continue correspond an t  aux divers degrés d'atteinte clinique e t  bactériologique . La dépression 
est à son maximum chez les malades léprom ateux non traités.  Cette dépression de l'immunité à 
support cellulaire possede deux composantes, l 'une spécifique de My co. leprae. l'autre non 
spécifique . En ce qui concerne la composante spécifique , il est  probable qu'elle se développe par 
un mécanisme de "déviation immunitaire" mais il n 'est  pas possible pour l ' instant de  préciser si 
la tolérance à Myco. leprae est sélectivement induite au niveau des  lymphocytes T ou si des 
anticorps circulants prél ablement  formés réagissent  avec les antigenes,  les empéchant ainsi 
d'entrer en rapport avec ces lym phocytes T. 

On a pu montrer l ' existence d'anticorps circulan ts dirigés contre un antigene poly
saccharidique commun à My co. leprae et  à d'autres mycobactéries .  Ces anticorps sont trouvés 
chez la plupart des lépromateux et  chez quelques cas tuberculo i'd es.  Des anticorps spé cifiques 
de My co. leprae appartenant aux IgG et  aux IgM ont été  également mis en évidence dans les 
sérums de léprom ateux .  

L a  présence d 'autoanticorps chez les malades lépromateux a é t é  maintes fois signalée ,  mais 
les différents autoanticorps ont une fréquence variable suivant les pays.  

Des crises d 'érytheme noueux lépre u x  apparaissent  chez certains malades lépromateux tres 
bacilliferes .  L'hy pothêse selon laquelle elles sont dé clenchées par la formation d' immuno
comple xes .  suggérée par les manifestations cliniques, est é tayées par la mise en éviden ce d ' !gG 
et de certains composan ts  du complément au niveau des lésions ,  ainsi que d' immunocomplexes 
d ans  le sérum . Toutefois ,  on observe aussi des  immunocomplexes dans le sérum de lépromateux 
ne présentant pas d 'érytheme noueux lépreux .  De n ouvelles recherches sont de ce fait 
nécessaires pour déterminer l 'origine précise e t  le mé canisme exact des crises  d 'érytheme 
noueux lé preux . 

Quant à la réact ion d ' inversion (re"crsal rea c tio n ) ,  elle est liée à une rapide augmentation de 
l ' immunité à sup port cellulaire comme le mon trent les modifications histologiques observées au 
niveau des lésions et  des ganglions lym phatiques ,  l 'apparition de tests positifs pour ce type 
d ' immuni té et certains fa its observés chez la  souris d 'ex périence.  

1 1  est possible que des  mécanismes immunol ogiques j ouen t ,  d an s  le déve loppement des  
lésions nerveuses de la  lepre ,  un rôle beaucoup plus  large que celui  avan ché j usqu'ici .  

Certains faits sugge rent  que des facteurs génétiques prédisposen t à contracter la lepre,  tandis 
que le rôle possible de facteurs nutritionnels et  hormonaux demande à être étudié . 

Alors que les résul tats  de trois essais contrôlés sur le terrain du vaccin BCG dans la 
prévent ion de la lépre son t j usqu ' ici ne ttement di fférents  entre e u x ,  chez la sou ris le vaccin BCG 
e t  d 'autres vaccins l11 ycobactériens conferent un certain degré de protection contre My co. 
leprue inoculé  dans le coussinet plant aire . 

Le dernier cha pitre formule des  recom mandations touchant aux  nouvelles recherches qui 
devraient être effect uées .  La maj ori té des pro blemes proposés à l ' a ttention des  chercheurs ont 
trait  aux rô les respect ifs des  d i fféren ts  facteurs intervenant pour créer les situations 
immunologiques diverses ren contrées d ans  le cadre de  la lepre . D'autres sont des problemes 
d 'é pidé miol ogie , de pat hogén i e ,  ou même de bactériologie auxquelles certaines techniques 
immunologiques modernes pourront a pporter des  sol u t ions .  

Abe. M.  ( 1 9 7 0 ) .  /11 1 .  . J .  I. cpr. 38,  1 1 3 .  

Abe .  M .  ( 1 9 7 1 ) . /11 1 . .I . l. efJY. 3 9 , 8 7 .  
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Appendix 

Protocol for Evaluating Transfer Factor in Leprosy 

Purpose 
( I )  To ascertain whether transfer factor engenders immune reactivity to Myco. 

!eprae antigens in vivo and in vi tro and , concomitantly , whether it changes the 
pathological classification and/or increases the rate of clearance of bacteria .  

(2) To determine whether transfer factor prepared from donors wi th a high 
degree of hypersensit ivi ty to Myco. /eprae is more efficacious than that prepared 
from non-sensitive donors. Once this determination has been made , it  would not 
be necessary to include t ransfer factor from both sensitized and non-sensitized 
donors in future protocols. 

Rationale. (a) The ultimate goal of immunotherapy in patients with lepro
matous leprosy is both to terminate their infection and to prevent recurrence. 
However, evaluation of the effects of transfer factor in terms of marked clinicaI 
change would require a large study with a long period of observation. A m ore 
limited tria! to assess the effects of transfer factor on the immunological and 
histopathological status of these patients is therefore recommended. 

(b)  While most clinicaI trials of transfer  factor have used material prepared 
from highly sensitized donors ,  the possibilities that i t  acts non-specifically and 
that when prepared from normal donors may be equally effective have not been 
explored .  There are a number of instances in which transfer factor from a donor 
positive to several antigens has conveyed only some reactivities to recipients, 
particularly to those antigens with which they have had contact. There are other 
instances in which recipients have shown conversion in response to antigens to 
which the donor was negative. These findings justify testing the possibility that 
transfer factor acts primarily . as a non-specific immunological adjuvant .  Were this 
demonstrated to be the case-i.e .  that transfer factor from non-sensitive donors 
acted as effectively as that from positive donors-then the availability of transfer 
factor would be vastly increased since blood-bank blood from normal donors 
could be used in many situations. This might also lead to the development of 
synthetic adjuvants for use in mano 

Patient groups 
( 1 )  Clinical-h istopathological status. It is recommended that previously 

untreated patients with lepromatous leprosy be studied,  and that transfer factor 
from sensitized donors and chemotherapy be given at the same time . The patients 
should be in the BL/LL and LL categories. 

Controls would be matched for classification, and for locale , age , and sex where 
possible. There would be two control groups, one receiving non-sensitive transfer 
factor and the other no transfer factor but a slightly irritating placebo. All 
patients would receive chemotherapy. Patient  groups could be established from an 
initia! large pool, or consecutive patients could be assigned to  each group.  
Between 12  and 20 patients should be  included in each group. 



270 W I-I O  M E M O R A N D U M  

Histopathologi cal and bacteriol ogical specimens and pretreatment sera must  be 
saved for later reference,  and the morphol ogical and bacteriol ogical indices should 
be determined . 

(2 )  In l l l l ul / o!ogica! Sfalu.\' . Recipients sh ould be nega tive in the lepromin skin 
test (Fernandez and M itsud a )  and in the lymphocyte transformation test .  They 
should al so give norm al phyto haemagglut inin (PHA) responses, or at least 
two-thirds of the average normal  st imulation,  and should be reactive to at least 
one other common an tigen -e . g. prD,  streptokinase-streptodornase , Can dida. or 
mumps,  in j ' i Jlo or ;11  Jli lm. 

The IgG leve i s  should be less than 20 g/l .  
Ra riona!c. (a )  For  th i s  protocol the  un treated B L/ L L  ( L I ) group has  been 

selected . There is a relatively low incidence of these patients spon taneously 
moving up the scale within the test period and erl ' rhc l lw l l odoS U II1  !C/irr!Sl l l11 
reactions wou ld possibly be l ower in this group .  While patients with inde terminate 
leprosy ( I )  have a sufficien tly low bacterial load and immune response to be 
considered for such a study ,  since only a minori ty convert to the leproma tous 
form , l arge numbers of recipients would have to be included in  order to obtain a 
statistically sign ificant result .  Further, it would not be e thical to withhold 
chemotherapy i n  this group for any considerable period, and chemotherapy alone 
would terminate the disease and eliminate bacilli i n  the skin in such patients. The 
disadvantages of using patients in  the borderline lepromatous group for study are 
that the frequency of reversal reactions with chemotherapy is  greater and that  too 
high a percen tage may move up the scale with chemotherapy alone. 

(b)  I t  is essential th at patien ts selected for this trial have adequate 
T-Iymphocyte funct ion -i .e .  react well to PHA and unrelated antigens. In 
addition , they m ust  be specifi cally nonresponsive to Myco [cprae. 

( c )  Normal se rum levei s of I gG are preferable to minimize possible inhibi tory 
effects of antibodies to mycobacteria on development  of cell-mediated immuni ty 
and to diminish the Iike l ihood of ery t!z cma Ilodosum !eprosum. 

Transfer factor donors 
( I )  Sensitized donors must have strong positive skin tests (Fernandez) and 

show Iymphocyte transformation in vi tro. preferably to a single pool of Myco. 
leprae bacill i .  ldeally, they should ali be negative for a known control 
antigen-e .g. histoplasmin, coccidioi odin.  

(2) Nonsensitized donors m ust be negative in vitro to a single test pool of 
Myco. leprae and in vivo to BeG, and to PPD (second strength). Where possible,  
Fernandez tests can be given to these donors retrospectively , Le.  after the blood 
leucocytes have been coUected. Ideally they should be strongly positive to the 
second test antigen , e . g. histoplasmin , coccidioiodin . 

( 3 )  Ali donors should be in good physical condition and negative for hepatitis B 
antígeno 

(4) The transfer factor should be prepared in a limi ted number of centres using 
either fresh or frozen leucocytes sent by mail . The final pools of transfer factor 
must be tested for sterility and must be nega tive for hepatitis B antigen in the 
most sensitive test available .  In addition biochemical analysis should be made. 
Pools should be coded before being sent to the appropriate clinicai centres for 
testing. 

Rationale. (a) The protocol is designed using sensi tivi ty to two antigens so that 
donors sensitive to Myco. leprae would be unexposed and negative to one other 
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an tigen ,  and  control donors would be negative for reactiv i ty to Myco Icprac but  
positive to the  second an t igen .  The recipien ts should be negative to both antigens .  
In  this  way the specific i ty of transfer fac tor for two ant igens can be tested 
s imuItaneously .  

(b )  The study should be double bl ind -i . e .  the transfer factor preparat ions must 
be coded and the code not broken unti l  the end  of the study.  

( c )  The leprom in-posi tive donors should preferably be recovered tuberculoid 
patients (TT or 8T/TT) since they have demonstrated adequate leveis of true 
cell-mediated immlln i ty ,  a lthollgh highly-posi tive contacts could be employed .  

Trcatmen t of recipien ts 
( I )  An essent ial prereq ll is ite for sllch a study is the avai labi l ity of c lose medicai 

sllpervision and hospi tal faci l i t ies ,  so that  the necessary treatm ent  can be provided 
should react ions occur. 

(2) Coded transfer fac tor sholl ld  be administered subcll taneously at mon thly 
intervals for ) 2 months. The code sholl ld not be broken until the end of the 
study .  

(3 ) Recipients should receive the equivalent  of 400  x 1 06 leucocytes (obtained 
from approximately 500 ml of blood ) but the dose may be  increased if reactions 
are not encountered ,  or lowered if reactions are severe.  

Ali patients ,  whe ther in hospital or out-patients ,  must be seen at  least weekly. 
If  any patients respond to several injections wi th substan t ial clinicaI deterioration , 
they must be dropped from the study .  

Rationale. In  previous studies some leproma tous leprosy recipients of transfer 
factor showed "fiare " reversa! reactions, and,  in  at  least one case , erythema 
l1odosum lcprosum. S ince in studies in patients with other condi tions the effect  of 
transfer factor has been transient ,  i t  seems likely that in  patients with 
lepromatous leprosy repeated doses would be required for histopathological 
changes and clearance of bacteria from the tissues to be observed .  

Evaluatiol1 of the results 
( 1 )  Ali patients should be examined weekly for clin icai s tatus ,  special attention 

being given to neurol ogical and ophthalmological symptoms. * 
(2 )  At least three skin tests to lepromin and to the unrelated antigen should be 

made approximately 8- 1 0  days after the first administra tion of transfer  factor and 
6 and 1 2  months. Biopsies should be taken from these sites. 

( 3 )  The Iymphocyte transformation test or other in vitro tests for cell-mediated 
immunity should be performed at monthly intervals. 

(4) At least two skin biopsies should be  taken after 6 and 1 2  months .  In 
addition biopsies should be  obtained from affected areas whenever reactions are 
observed . Severa! centres  should be  available for expert histopathological 
evaluation of tissue samples .  In addition serum samples must be obtained at  the 
beginning of the study, and at 6 and 1 2  months,  as well as during ány periods of 
eryth ema 110dosum leprosum reaction that may occur. 

( 5 )  Bacteriological indices  and morphological indices should be taken from 
6- 1 2  areas on a monthly basis. Again, severa! centres should be available for 
expert evaluation of slides. 

* The necessary clinicai protocol can be  obtained ,  on request,  from I m m un ology , World Health 
Organization, 1 2 1 1 Geneva 27,  Switzerland.  
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( 6 )  After one year ,  the results, including clinicaI, histopathologi cal,  and 
immun ological data, should be reviewed and evaluated by experts convened by 
WHO. 

( 7 )  The clinicaI status of a l i  patients should be followed up for at least one 
add itional year. 




