
456 international J ournal (~r Leprosy 1973 

COMMITTEE 4: ADVANCES IN IMMUNOPATHOLOGY 
Members O. K. Skinsnes 

T. Godal 
(C hairll/{/I/ ) 

M. Abe 
C. K. Job 
J . M . H . Pearson 
D . S. Ridl ey 
M. Ulrich 
R. S. Wei ser (by correspo nd e nce) 

S ince the last congress pa nel report in pathologic ex press ions of le prosy as 
1963, great strides have been made in the " tuberculoid " and " lepromatous" with a n 
understanding of the immunopathology of interlying s pectrum of variable ma nifes ta­
le prosy. These adv ances, however, have tion s, termed " borderline " (dimorphous) in 
been possibl e because of the great amount place of the prev iously adopted " ind eter­
of pathologic informat ion avail able from minate" a nd a ca tegory des ignated " ind e­
the work of the past century which has terminate " of use particula rl y in early cases 
given direction to a nd formed a basis for the where the eventual c lass ifica tion charac­
application of newer technics and hypoth- terization is not clear. Thi s classification 
eses in immunopathology generally. has been neatl y summarized a nd correla ted 

Leprosy still remains clinically a nd hi s- with its clinical, immunologic a nd mor­
tologically the best characterized single phologic expressions (Leprosy Rev. 33 
host vs single pathogen infec tiou s di sease [1962] 119-128; Internat. J . Leprosy 34 
which covers the range from a stage of ef- [1966] 255-273) with the convenient code 
fective immunity a t one end to a state of designation s of TT , BT, BB , BL a nd LL 
profound immunologic deficiency toward s added. 
the infectious age nt at the other, but man- It is recommended that thi s sys tem of 
ifesting in its spectrum effects of both classification and notation be generally 
cell-mediated and humoral antibody- used; and for ease of communication that 
mediated immune phenomena. thi s sys tem be utilized in publication s. It is 

Although advances in animal tra nsmi s- recognized that some workers a nd groups 
sion of M . /epra e have contributed signifi- of workers feel that on occasion additional 
cantly to the understanding of pathogenic designative terms are necessary . It is sug­
mechani sms in leprosy, recent progress in gested that when such are used , their re la­
basic medical re search has provided tive position in the classification scale be 
methods by which it has become fea sible to stated and they be clearly defined either in 
study in deta il the host/parasite interaction term s of the full scale of immunopathologic 
in the leprosy patient himself. Thi s fact and microbiologic characterizations now 
makes it increasingly importa nt to establish used in classification, or if they be used for 
and support laboratories in leprosy- clinical convenience, that thi s be stated. 
endemic areas where immunopathological For reference purposes it is recognized that 
studies can be undertaken on material s both the "Lucio" and the " hi stoid " ex­
from leprosy patients. Such studies may press ions of leprosy are unexplained var­
not only contribute to our understa nding of ia nts at the lepromatous end of the classifi­
di sease processes in leprosy a nd related cation scale and it is desirable that the se 
di seases but also give a lead to better care term s be retained and used a ppropriately. 
and control of the di sease. The term " Iazarine" leprosy has hi stori-

CLASSIFICA TION 

The classification adopted by the V Ith 
International Congress, Madrid , still seems 
basically operative , adequate , and in con­
formity with new developments in under­
standing. Essentially, thi s classification 
recognized the two polar immuno-

cal associations with both ulceration see n 
in " Lucio" leprosy and otherwise see n, 
often in association with debilitation. It is 
recommended that , since the cause of ul­
ceration in " Lucio" leprosy is recognized 
to be vascul ar thrombosis with derma l in­
farction , that the designation " Lucio phe­
nomenon" be retained for thi s manifesta-
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tion and the term " Iazarine" be reserved 
for complicating ulce rati ve manifes tations, 
particularly as associated with debilita ti on. 

HISTOPATHOLOGY IN LEPROSY 

The use of the biopsy for the diagnosis 
and c lass ification of leprosy is we ll estab­
li shed . The significa nce of neural inv olve­
ment in leprosy has long bee n recognized 
and is inc reasingly coming to the fore. It is 
urged that no hi stopathologic re port on skin 
biopsies re lating to the possibilit y of le p­
rosy be regarded as compl ete or acceptabl e 
unl ess me ntion is made of eva lua ti on of 
nerv e inv olv ement. It is of importa nce tha t 
a ll biopsies inc lude full thickness of the 
dermi s to provide probable inc lu sion of 
adequa te cutaneous nerve samples . 

MEASUREMENT INDICES IN LEPROSY 

Bacteriologic Index (BI). The B r in use is 
of proven valu e. Variation s in the sta n­
dard s employed in diffe rent labora tories 
impair its usefulness as a comparative 
measurement. Neverthe less, its sta nd ard­
ized use in the form of log scale inc reme nt s 
is recommended . 

Morphologic Index (MI). Thi s inde x, ex­
pressed as the percentage of solid form 
bacilli among the tota l counted , has come 
to be generall y used as a measure of the 
percentage of viable organi sms present , 
and therefore as a measure of thera peutic 
res ponse. Vari ation s in its performance and 
in staining related thereto in various 
labora tories preclud es it s usefulness as a 
precisely compara tive measure . The stati s­
tica l confidence interval [I nternaU . Lep­
rosy 39 (1971) 857-862] is considerabl y 
grea ter when 100 bacilli are counted than 
when 200 are the basis of enumeration. The 
difference a ppearing when 400 are counted 
is less significant and it seems reasonable to 
suggest , in balance, tha t the counting of 200 
bac illi gives a more valid perce ntage 
wh ereas the counting of 400 is probably not 
worth the extra time and effort required. In 
patients in re la pse it is important to utili ze 
one or more of the most active les ions. 

Histopathologic Index (HI). Also known 
as the Biopsy or Numerical rndex. Based 
on the examination of an ac id-fast sta ined 
paraffin section cut at 5 mic ron s thic kness, 
thi s assay utili zes the Bacterial Index sys­
tem of bacterial conce ntration combined 

with an assessment of the proporti on of the 
specimen occupied by bac illiferous les ion . 
Unde r controll ed conditions it is more ac­
curate than the slit-smear method and has 
proved its value in research. It has not gen­
erall y found a pl ace in the routine manage­
ment of patients. 

SIGNIFICANCE OF VISCERAL LESIONS 

The presence of bacill emia in leprosy 
pos tul ated by the First I nternati ona l Lep­
rosy Congress and sub seque ntly demon­
strated by a number of workers has re­
centl y been shown to be vi rtu all y continu­
ous in untreated lepromatous leprosy . The 
circulating bacilli have bee n shown to be, in 
part a t least , viable . 

Significant morphol ogic ev idence of le p­
rou s les ions in viscera l organs, most par­
ticularl y the liver , spl ee n, adrenal gland s, 
bone marrow and lymph nodes has also 
been long avail abl e. More rece ntl y, how­
eve r, biopsy studies have re iterated and ex­
tended the recognition tha t the visceral le­
sions essentia ll y refl ect the morphologic 
cha racteri stics of the immunopathologic 
skin les ion type including epi sodes of lepra 
reaction . Suc h studies have also demon­
strated that viable M. leprae are present in 
le promatous le prosy in the li ver and bone 
marrow, and it is therefore to be expected 
that they are present a lso in other areas of 
depositi on . Though morphologic ev idence 
suggests that bacilli in these les ions may be 
viable, the ev id ence is not conclu sive that 
they are proliferating. The prese nce of via­
ble bac illi in these organs can also be inter­
pre ted as merel y the presence of recent 
hematogenou s bac ill ary deposition . 

L aryngeal les ions, at one time not infre­
quent and troublesome enough to require 
tracheosto my, have virtuall y di sappeared 
under sulfone therapy. In contrast , nasal 
lesions, though also res ponsive to sulfone 
therapy, have increasingly been noted as a 
probable source of di sc ha rged bac illi for the 
spread of le prosy. 

T he nasa l les ions in untreated leproma­
tous patient s inf iltrate cartil age and bone 
which form the framework of the nose, re­
sulting in it s coll apse and deformit y in some 
of them. Infec tion by second ary orga ni sms 
may hasten thi s process of destruction. 
Simila rl y in the small bones of the hand s 
and feet specific le prous os teomyeliti s may 
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be responsible for the bone erosion. But in 
this instance, more often invasion by sec­
ondary organi sms is responsible for loss of 
tissue, including bones·. T here are also the 
underlying vascular alterations foll owing 
nerve paralysis which create a complex 
pathogenic process. In addition , factors 
suc h as disuse atrophy, pressure atrophy 
etc. , combine to produce the severe defor­
mity that is often seen. 

The involvement of the eye in leproma­
tous patients is a serious complication. 
T here is infiltration of the iri s, ciliary body , 
sclera and episclera by macrophages to 
form lepromas. During the reactive phase 
there may be infiltration of the iris and cil­
iary body by neutrophils with fibrinous 
e xudate into the anterior chamber resulting 
in loss of vision. Anesthesia of the cornea 
and lagophthalmos due to paralysis of the 
5th and 7th cranial nerves respective ly , 
fo und in all forms of leprosy , may lead to 
corneal ulceration and ultima te loss of the 
affected eye . 

PATHOLOGY OF NERVE 
INVOLVEMENT IN LEPROSY 

Peripheral nerve involvement is a 
characteristic fi nding in all forms of lep­
rosy, althcugh the nature of the lesion var­
ies depending on the type of this disease . In 
lepromatous leprosy the predominant pic­
ture is the invasion of the nerve by a large 
number of organisms which are present in 
perineural celis, Schwann cells and in­
traneural macrcphages. Thf're is al 0 in­
traneural proliferation of collagen and 
edema. In tuberculoid leprcsy there is . -
flarrimatory response to bac ·llary antigen 
both intra- and perineurally and the nerve 
parenchyma is replaced by tuberculoid 
granulomas which in some instances may 
even caseate and form an abscess. M . iep­
ra e are demonstrable with difficulty . In 
borderli ne leprosy the appearances are 
very variable , depending on the type of the 
disease . 

Further , the nerve involvement IS 

generalized in lepromatous and borderline 
leprosy and localized to one or few nerves 
in tuberculoid cases. However, the route of 
entry of organisms into the nerves is sti ll a 
matter to be elucidated. 

The onset of paralysis is slow and insidi­
ous in lepromatou s leprosy , taking several 

yea rs, and may improve under effective 
chemot herapy. In tubercu loid leprosy, 
however, the onset is comparatively rapid 
and usually irreversible. In borderline 
cases a lso the nerves are rapidly damaged 
and very severe, and rapidly developing 
paralysis can occur in the presence of reac­
tions. 

T he mechanism of destruction in the 
tuberculoid part of the spectrum is a de­
layed type hypersensitivity reaction to bac­
terial antigen in the nerve parenchyma. In 
lepromatous leprosy, alt hough the presence 
of a large number of organisms ultimately 
causes much destruction, the exact 
pat hogenic sequence of events is as yet un­
clear. T he reactions which may complicate 
a ll forms of leprosy commonly contribute 
to further damage . 

Nerve damage is often permanent and 
disabling, and therefore of paramount prac­
tical importance in leprosy . Advances in 
the prevention and management of nerve 
damage are only possible as a result of in­
creased understanding of the va rious 
mechanisms involved. Further researc In 

this field deserves high priority. 

REACTIONS IN LEPROSY 

A "reaction" in leprosy is regarded as a 
hypersensitivity phenomenon and does not 
include phe nomena associated wi th the 
simple extension or regression of the infec­
tion. Biopsy studies are of value in el ucidat­
ing whether or not such a reaction is taking 
place and for determining its nature. On 
occasion biopsies are essential. 

Two types of reaction are well recog­
nized, namely elythema l1odosum leproslim 
(ENL) in lepromatous leprosy, and rever­
sal reactions in borderline leprosy. E NL is 
associated wi th the infiltration of neu­
trophi ls as in the Arthus reaction. ecrosis 
and ulceration may fo llow. The presence of 
immune complex deposits has been re­
ported in EN L lesions, together with alter­
ations of complement levels in serum. Con­
firmation is awai ted , but the precise nature 
of ENL remains to be fully elucidated. Re­
versal reactions are associated c1i nica lly 
and hi stologically with an increase of cell­
mediated immunity which can be demon­
strated by lymphocyte function tests. In 
experimental animal s reversal reactions 
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can be precipitated by the injection of 
syngeneic lymphoid cells. 

A number of other reaction s are liable to 
occur and lack of fundament a l knowledge 
precludes their classification. These in­
clude: 

I. Reactions in tuberculoid leprosy 
which are presumabl y an expression 
of delayed hypersensitivity. 

2. Reactions in borderline leprosy as­
sociated clinically a nd hi stologically 
with a downgrading within the im­
munological spectrum or with no 
change in immunity , though the re­
sults of lymphocyte function te sts are 
variable. 

3. Reactions in lepromatou s leprosy 
which vary in form from a simple 
localized neutrophil infiltration or 
necros is in a hyperactive nodule to 
severe ulcerating lesions associated 
with thrombosis and derma l infarction 
in the" Lucio phenomenon." The re­
lation of these lepromatous reactions 
to ENL remains to be determined. 

FUlther studies of lepra reactions are re­
garded as important. It is recommended 
that the most promising approach is a con­
trolled longitudinal study with combined 
clinical, histopathologic and immunologic 
observations before, during and after the 
period of reaction. A further poss ible 
means of advance lies in the study of the 
antigenic structure of M. leprae since the 
antigenic components involved in the reac­
tions are not yet determined . Two polysac­
charides designated beta and delta have 
been demonstrated and a protein antigen 
able to elicit delayed type hyperse nsitivity 
has been isolated . 

A most serious and possibly fatal sequel 
of severe lepromatous leprosy is the de­
vdopment of renal le sions, including 
amyloidosis. It is not yet clear to what ex­
tent .thi s is due to ENL or to other forms of 
reaction . It is urged that renal biopsies on 
selected patients should be included in 
studies of reaction where facilities permit ; 
and tha t the kidneys of patient s who come 
to necropsy following reaction should be 
made available for study. 

LEPROMIN 

The following antigenic prepa ration s of 
M. leprae appear at pre se nt to be used in 

the stud y of delayed (skin) hyperse ns itivity 
to M. /eprae (BuII.WHO 1973 , in press): 

a) Suspension of whole a utoc laved 
homogenized leproma (" integra l" lep­
romin) . 

b) More purified bacillary suspensions 
("bacillary" lepromin). 

c) Noncoagulated soluble bacill ary pro­
teins ("Ieprolins"). 

d) Defatted a nd di srupted bacillary sus­
~ension (" Dharmendra antigen"). 

While le promin containing whole bacilli 
elicits both an early (Fernandez) reac tion 
(48-72 hours) a nd a late (Mitsuda) reaction 
(3-4 weeks) " Ieprolins" and Dharme ndra 
antigen elicit mainly a n early reaction and 
none or a weak late reaction. 

The early reaction indicates existing 
hyp-.:rsensitivity to the injected antigens. 
The late reaction , on the other hand , allows 
sufficient time for the test subject to be­
come sens itized by the injected antigens. 
Thus, the la te reaction may not only mea s­
ure existing delayed type hyperse nsi tivity , 
but perhaps also provide information about 
the test subject 's capacity to initiate and/or 
a.mplify the response to the injected an­
ttgens. The high incidence of late lepromin 
positive individuals in leprosy nonendemic 
areas are in agreement with thi s view. The 
late reaction , therefore , does not indicate 
whether a subject has previously been ex­
posed to M . /eprae c..r not : Its primary im­
portance appears to be limited to the de­
t~rmination of prognosis in leprosy pa­
tlen~ s. Furt~er information about the lep­
romlll reactIOn may be found in a recent 
WH<? Report (Bull. WHO 1973 , in press). 

It IS recommended that in publications 
relating to their use, the type of antigen 
used and the nature of the reaction meas­
ured should be clearly specified. 
. It is urged that , if current reports of mas­

sive M. /eprae prolifera tion in the armadillo 
continue to show validity , efforts be made 
to develop and utilize this source of bacilli 
fo~ the prepar.a tion of standardized lepro­
mill and leprollll that could be made univer­
sally available. 

THE USE OF BeG 
IN THE IMMUNOPROPHYLAXIS 

OF LEPROSY 

I n the absence of additional information 
thi s panel ec hoe s the recommendation of 
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the WH O Ex pert Committee on Leprosy 
(Fo urth Re po rt , WH O Tec h. Rep. Series 
No. 549, (970) to the effec t tha t it is prema­
ture to recomme nd the ge nera l use of BCG 
vaccina tion and tha t final recomme ndatio n 
be pos tpo ned until the result s of the con­
troll ed studies in progress ac hieve defini ­
tive evaluation. 

IMMUNE RESPONSIVENESS 
IN LEPROSY 

T he concept of a host-de te rmined Im­
mu no logic spectrum in le prosy has re­
ceived steadil y increasing clinical a nd 
pa thologic support during the last decades, 
to the po int where leprosy today sta nd s 
forth as a unique immuno patho logic di sease 
mode l. The immunologic support for thi s 
concept was initia ll y based on de layed 
hypersens iti vity s kin testings . Mo re re­
centl y a considerable number of other im­
munological method s recentl y a pplied in 
studies o n humo ral a nd ce ll ula r immune re­
spo nsive ness in leprosy incl ude: 

Humoral immune responsiveness. 
I . Qua ntita ti ve examinati on of serum 

immunoglobulin levels. 
2. Semiqua ntita ti ve de termination of an­

tibod y production to TAB (typho id­
paratyph oid A a nd B) after active 
vaccina tio n. 

3. Presence of a ntim ycobact '!ria l a n­
tibodies in serum by flu o re1:cent a nti­
bod y and gel precipita tion tec hnics . 

4 . Detectio n of a ntibod y-coated bone 
marrow derived lymphocytes (B-ce ll s) 
by immune flu oresce nce. 

Cell-mediated immunity. 
I . Delayed skin sens iti v ity to microbial 

antigens suc h as PPD and "artific ia l" 
a ntigens suc h as dinitrochlorobe nzene 
a nd picryl c hl o rid e. 

2. Detectio n of sheep red ce ll rose tte 
forming lymphocytes (T-cell s). 

3. Blasto id tra nsformation of periphe ral 
bl ood lymphocytes. This may be 
measured b'y morphologic examina­
tion of sta ined lymph ocytes o r more 
quantita ti ve ly b y upta ke of radi oac­
tive th ymidine in suc h ce ll s. 
Substa nces used to stimulate lympho­
cytes may be di vided in to three 
categori es: a) nonspecific mitogens 
suc h as ph ytohemagglutinin , b) a n-

tige ns no t re la ted to M. leprae, c) a n­
tige nic pre para ti ons deri ved l'rom M. 
leprae. 

4. Prod ucti on a nd re lease of molec ular 
med ia tors (Iympho kines) from se n­
siti zed lymph ocytes. T hese may be 
monitored by vario us tec hnics, includ­
ing migra ti on inhibition of a ut ologous, 
ho mologous o r he te rologous phago­
cytes. 
It sho uld be no ted tha t the last two 
groups of tests ca nnot a priori be 
j udged as measure me nt of ce ll­
media ted immune respo nsiveness as 
humo ra l immune res po nses ca n influ­
e nce the result s of these tests. 
Whil e the findings suggest t hat hu­
moral immune res po nses a re unim­
paired in leprosy pa ti ent s, there is in­
c reasing ev ide nce of a de press ion of 
ce ll -media ted immunit y in certa in 
categori es of suc h patie nts. T he de­
gree of depress ion appears to increase 
continuously from the T T to the LL 
end of the spectrum . C ircula ting anti­
bod y to mycobacteria l antigens, on 
the other ha nd , inc reases toward s the 
lepromato us e nd of the spect rum . In 
addition to thi s immunological imbal­
a nce in lepromatous leprosy whic h is 
specific to M . leprae, a no nspecific 
de pression of ce ll -media ted immunit y 
has been re ported in vari ous studies. 
In contrast to the specific de press ion 
whic h does not recover as a result of 
a ntile prosy c he mothera py, the no n­
specific de press ion may become re­
duced by treatme nt. 

MACROPHAGE FUNCTION 
IN LEPROSY 

Most ti ssue macro ph ages are deri ved 
from blood monocytes. I n the ti ssues, mac­
rophages can ado pt a wide varie ty of mor­
pho logic fo rm s. T he resulting pleomo r­
phi sm is we ll exemplified in le prosy whe re 
macro phages may appear as epithe li oid , 
multinuc lea te, hi stiocytic or foamy ce ll s. 
This diffe re nti a tio n a nd thi s influ x into ti s­
sues a ppears to ta ke pl ace as a result of 
vario us stimuli , inc luding products of ac ti ­
vated lymph ocytes. 

Some laboratories have reported a lac k in 
the ca pac it y of lepromatous macrophages 
to lyse aut oc laved M. leprae whil e othe r 
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groups of workers have bee n unable to sub­
stantia te thi s findin g. 

Whe ther the defi ciency of mac rophages 
in lepromatous le prosy to di spose of the 
le prosy bac illu s and it s lipid degenerativ e 
products is a defect in the mac rophage 

populati on per se or due to lac k of sti muli 
from other ce ll s , is no t yet c lear. 

It would a ppear tha t the eventual solu­
tion to the problem will involve the con­
cept s and technics of both immunopathol­
ogy and ce ll enzy mology . 

COMMITTEE 5: ADVANCES IN EPIDEMIOLOGY 

Members M. F. Lec ha t (Chairma n ) 
P. B. Arcuri 
J . A. Ca p 
Z . Castell azi 
R. A. Feldman 
R. S. Guinto 
T . W. Meade 
S. K . N OOl'deen (unable to attend) 
J. Walt er 

The committee feels that there have bee n 
few major adva nces in the epidemi ology of 
leprosy in the past fi ve years. Thi s report 
therefore dea ls mainl y with suggestions for 
future work , aft er a brief initial revie w of 
rece nt developments . 

ADV ANCES IN PAST FIVE YEARS 

Analysis of data. There has been muc h 
work in many areas of the world on the 
stati stical analys is of data on diagnosed 
cases of le prosy. However, much bas ic in­
formati on is still wanting (especia ll y in the 
absence of the ability to ide ntify persons 
infec ted with M. /ep rae ), on the charac­
te ri stics of indi vidua ls , house hold s and 
communities that are associated with the 
transmi ss ion of leprosy . 

Control. 
I . A number of studie s have indicated 

that the treatment of lepromatous and 
borderline cases has significantl y re­
duced the sub sequent inc idence of 
leprosy in household contacts , espe­
ci a ll y children. 

2. Some ev idence from active control 
programs suggests reduction s in pre­
valence whic h might be expected 
eventua ll y to influence incid ence 
rates. However, long peri ods of inten­
sive chemothera peutic control and 
careful evalua tion will be needed be­
fore it can be ge nerall y acce pted and 
agreed that widespread fall s in inc i­
dence have been ac hieved . 

3. The need to clarify what is meant 
e pidemiologica ll y by "control" has 
become increasingly clear. T he term 
does not inc lude the treatme nt of 
cases prese nting s poradicall y to 
clinics, e tc. "Control " inc ludes at­
tempt s to reduce prevalence by the 
sys tematic treatment of existing cases 
in the program area, and , finall y, to 
reduce inc id ence . The interaction s of 
epidemiology and control need to be 
continuall y reviewed . 

New laboratory technics with epidemiolog­
ical implications. Recent developme nt s in 
o ther di sciplines (e.g., immunology, bac­
teriology) may we ll offer e pidemiologists 
the prospects of being abl e to detect infec­
tion b y M . /eprae , as well as clinical man­
ifestations of leprosy, a nd of stud ying 
host-paras ite relationships more effecti vely 
than hitherto. At present , however , these 
possibilities have not been full y tested and 
validated in the fi eld , and it is hoped that 
ste ps to do so will soon be ta ken. 

FUTURE WORK: SUGGESTIONS 

Population-based studies. 
I . Prevalence studies , characteri stic of 

the bulk of current epidemi ological 
studies in le prosy , should , in certa in 
ins tances, be e xte nd ed to , or re­
pl ann ed as, prospectiv e inc idence 
studie , w ith the necessary follow-up 
investigation s. Since it is not possible 
to de tect infection epidemiologicall y, 


