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I M M U N O LOGY O F  LEPROSY 
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Hospiral fo r Tropical D iseases. L O l ldol l  

Th is art ic le  is taken fro m lhe secon d E d i t ion o f  " Le p rosy for S t u d e n t s  o f  
M e d i c i n e "  by A. D .  M .  B r y ceson a n d  R.  E .  Pfa l t zgra ff t o  be p u b l i shed b y  C h u r c h i l l  
Liv ings t o n c  i n  1 9 7 7 ,  who h a v e  k i n d l y  conse n t e d  t o  i t s  p u b l i c a t ion i n  L e prosy 
Rev iew.  

I n  t roduction 

The respo nse of the  body to i nvad ing micro-organ isms invo)ves both non-speci fi c  
and spec ific mechanisms of  defence .  Non-spec i fi c  mechan isms in clude the barriers 
of t he sk i n  and mucosae , an t isepsis of sebum and mucosa) secre t ions and s imp)e  
Rhagocy tosis by po)y morphonuc lear )eucocytes and macrophages _  S pec i fi c  mecha
n isms are those e )aborated by the immune response . They con tr ibute to hea l ing 
and immuni ty ,  hypersens i t iv i ty and patho )ogy. 

Basic I m m un o logy Relevan t  t o  Leprosy 

I N D UCT IO N OF T H E  I M M U N E  R E S PO N S E  

A micro-organ ism consists of and produ ces many  d i ffere n t  chem ica )  substances 
which are an t igen ic .  These an t igens  reach the Iymphoid organs ( lymph nodes or 
splee n )  w here each is  poten tia l ly capab le of  i nduci ng an immune response . The 
type of  response ind uced i s  determined by  a number of fac tors .  

Types oI /'espo/'lse 

No /'esponse. This is  the ru le to 'seI f substances ,  as i n  au tograft ing  of  sk in  for 
bums,  or rare ly to fore ign an t igens .  

Immune response. This  is the commonest  response to most  microorgan isms and 
has two componen ts ,  ce l lu lar  and humoral .  Cel l-mediated i mmun i ty  i s  medi ated 
by Iymphocytes that  are processed i n  foeta )  l i fe by  the thymus, and are often 
refe rred to as T-Iymphocytes .  Humoral immun i t y  is med iated by B- Iymphocytes 
and their progeny ,  plasma ce l l s .  In b i rds  B-Iym phocytes are processed by  the  
bursa of Fabricius ,  an organ associated wíth the hi nd  gu t and havin g  no 
anatomical equivalen t  in mammals _  

Tolerance. The an t igen k i l ls the  receptor cel l  i n  the  Iymphoid t i ssue or 
paralyses i t  in such a way that  i t  fai ls to  ini t iate an  immune response to t hís and 
to any subsequen t  chal lenge wíth the  same ant íge n o  Both  the humoral and cel lu lar  
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re sponses are paralysed and  the hos t  ' to lera tes '  t h e  fo re ign ant ige n .  Occasion a l ly  
on ly  T- I ym phocytes  a re paralysed .  . 

Immune devia tiol1 .  A n tibody 'dev'iates '  the a n t ige n away from T- I ymphocytes 
( see be low ) i n  such a way that  cel l -med ia ted  i m m un i ty  is no t  i n d uced . Thc 
humoral response is n ormal .  The s i tua t ion i n  lepromatous leprosy ( L L) rese m b les 
this ,  in that the  ind iv idua l  seems ab le to prod u ce an t i bod ies but no  cel l -med ia ted 
response to M. leprae. 

Factors affecting the type of response 

A n tigen determined 

Ch em ical natu re. Some an  t igens espec ia l ly  polysaccharides and s imple  chemi
ca l s  ( haptens )  with a poor a ffi n i t y  to  host  prote ins  are on ly weak ly ant igen i c .  

Molecular size. Substa n ces ,  i n c l ud ing  some prote ins ,  of low molecu lar  weigh t  
(be low a b o u t  1 0 ,000) are often poorly an tigen i c ,  a n d  are l i ab le ,  under  certa i n  
circu mstan ces ,  to i nduce tolerance.  Poly mers of th ese substances and  mo lecu l e s  or 
h igh molecu lar we igh t are more i m m u n oge n i c .  

Con cen tra tion .  A very h igh conce n t rat ion of an t igen  may  induce to leran ce 
ra ther  than  i m mun i ty .  I n  an a l read y i m m un ized host such a con cen t ra t ion may 
suppress the ex pression of ce l l u lar  i m m u n i ty  (desensit i za t ion ) ,  prod uc ing a 
s i tuat ion si m i lar to i m m une  devia t ion .  This mechanism may under l ie  the process 
of downgrad ing  in  border l ine  leprosy . A very low con cent rat i on or ant igen may 
also be to lergen ic .  

Solubility. A high ly solu b le  an t igen is more l ike ly  to ach ieve a h igh c i rcu la t ing 
con cen t ra t ion and  be less  immunogen ic  than  a poorly so lub le  an t igen .  

R oute of presen tation to lymphoid tissue. An tigens may reach the I ymphoid 
ti ssue through the  blood stream or a long the lymphat ics .  They may be free or 
taken  up by macrophages .  Poorly so lub le ant igens ,  inocu lated i n t radermal ly ,  
phagocy tosed by m acrophages and taken by the  Iymphat ics to the regional lymph 
node are highly i m munogen i c ,  espec ia l ly  w i th  regard to ce l lu lar  immun i ty .  Th i s  i s  
usua l ly  the  case wi th  M. leprae. High ly  solub le an t igens  circu la t ing  free i n  the  
b lood stream are much l e s s  effic ient  i n  i ndu cing immun i ty ,  espec ia l ly ce l l u lar 
i mmun i ty ,  and may be l iable to i n d u ce tolerance .  In lepromatous leprosy soluble 
ant igens of M. leprae are found in  the  c irculat ion . Their chemica l  n ature and s ize 
and effect  on the i mmune response are u n known . . 

A dju van ts. Certa i n  substances,  n otably Wax D ,  a com pone n t  of wa l ls of 
Mycobacteria, have the property of augmen t i ng  both the humoral and ce l l u l a r  
i mmune response to a w ide  range of  an t igens  inocu la ted i n  em ulsion wi th  the  
adj uvan ts .  Ce l l  wal ls of M. leprae probably act  as e ffic ie n t  adj uvants .  

Host determined 

Genetic. Congen i ta l  immunological de fic iencies of e i the r  the ce l lu l ar or 
humoral compon e n ts of  the immune response are rare and usual ly lead to  an early 
death from i n fect ion . Genetica l ly determined inab i l i ty  to respond n ormal ly to 
one parti cu lar an tige n  may be a factor in determin ing  the c li n i caI  picture and 
outcome of a part icular i n fect ion i n  that i ndiv idual .  Such a mechan ism could 
con tribu te to the pathogenesis of  lepromatous leprosy. Males are most susce pt ib le  
to some infe ct ions than are females. This  suscept ib i l i ty  may be a factor 
i n tluencing  the sex pattem of leprosy . 
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fn tegrity oI lymphoid tissl Ie. For the ind l l c t ion of a normal  response the  
d ra i n i n g  Iy m phoid  organ must  be  i n tact  and  not  grossly damaged by fi bros is  or  
d i s torted by in fi l t ra t ion  wi th  abn ormal s l lbstan ces such as amy lo id ,  abn ormal cel ls 
as i n  Hodgk in 's d i sease , or normal ce l l s  as with the  e xcessivc i n gress of  
macrop hages from a la rge persi st i n g  de pot of an t igen i n  advanced le promatol ls 
l eprosy . Ir Iy mphoid t i ssue is  preoccu pied by  the presence of one an t i gen  i t  may 
respon d poorly to the  presen ce of another ,  a con d i t i on known as an a n t i ge n i c  
compe t i t ion . These mechan i sms could con tr ib ll te to t h e  part ia l  suppression o f  
ce l l u lar i mmun i ty  t o  u n re lated an t igen s  wh i c h  i s  found i n  some cases o f  
l epromatous l eprosy . 

A cquired immunosuppression. Some d iseases may i mpa i r  the  i n d uct ion of an 
i m mune response to certai n an t ige ns (malar ia  to tetanus toxoi d ,  ma lnu t r i t ion to  
con tact sen si t i z i ng  age n ts ) ;

· 
o thers may i m pa i r  the  e x press ion of  an i m mune  

response ( measles to tuberc u l i n ,  l eukae m ia to a varie ty  of i n fect ions ) .  Some drugs ,  
the  com m onest of  wh ich a re the  cort i coste roi ds,  a re i m munosuppress ive .  This  
kn owledge is made use of in  the t rea tment  of react ions .  The part i a l ,  genera l i sed 
i m m unosupprcssion acqu i red  in l epromatous l eprosy may render  some pa t i en t s  
more suscep t i b l e  to i n te rcurren t  i n fect ion . 

Enhan cing an tibodies. I n  s i tuat ions  where ce l lu l a r  i mmun i t y  prov ides the  
e ffector arm of the i m mune response,  c i rcu l a t i ng  an t ibod y  may coat  an t i ge n  
molecu les  on t h e  su rface o f  ce l l s  w i t h o u t  damagi n g  t h a t  ce l l ,  and  i n  t h i s  way 
b lock the recogn i t ion of that an t igen  b y  cytotox i c  I ym phocytes .  This phenome
non, known as e n hancemen t ,  con tr ibutes  to the  estab l i shme n t  and grow th  of 
ce rta in  tumours .  

T-ly mphocy te modulation oI the immune response. T-Iymphocytes he lp  
regu late the  i mmune  response i n  several ways .  Two i m portan t  ways  are :  

I .  B-Iym phocytes req u i re the coopera t ion o f  spec i fica l ly  sens i t i zed T-Iympho
cytes for the  prod uct ion of an t i bod y to a wide  range of an t ige ns (so cal led 
thymus depe n dan t an t i gens ) .  
2 .  Some T-Iymphocy tes, generated d u ring the indu ct ion of the immune response,  
regulate the product ion of effector T-Iymp hocytes .  This i s  probab ly  a normal  
phys io logi cal feed-back processo On  occasion these regu la tory ce l l s ,  wh ich are 
somet imes cal led suppressor T-ce l l s ,  tota l ly i n hi b i t  t he p rod uct ion of effector ce l ls 
and so create a si tuat ion wh ich  resembles immune  deviat ion or selective 
T- I y mphocy te tolerance . 

Enhanc ing  an t ibod ies and suppressor T-ce l ls have been l i t t le  stud i ed i n  
i n fect i ous d i seases. The i r  presence ,  i f  that  cou ld  b e  de monstrated , might  prov i  d e  
mechan isms whereby spec i fic ce l l -med i a ted i m m un i ty  was suppressed i n  l epro
m a tous le prosy .  

Changes in  lymphoid tissue 

D uring the course of  an immune response certa in  changes take place in  the 
Iy mph node  w hi ch receives the an t igen , or the spleen i n  the  case of c i rculat ing 
an tigens .  An tigen from an in tradermal  s ite is presented by macrophages which 
enter  through the margina l  s inus and pass between the germinaI cen t res in to  the 
paracortex .  After th is  the parts of the node which deve lop depend u pon whe ther 
humoral or ce ll ular immun i ty  is i nduced . 

Humoral immunity. The corte x e x pands and germina i  cen t res i ncrease great ly  
in  nu mber and size , often bu lgi n g  in to  and distort ing the res t  of the node .  Plasma 
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cel ls  appear  i n  the med u l la ry cords  wh ich become t h i ckened . In a pu re an t ibod y  
response t h e  para cortex becomes th i n neel .  H is to logi ca l  s ta in ing w i th  py ron i n ,  
wh i ch s ta ins  r ibon uc lc ic  ac id reei , shows t h e  in tense ac t i v i ty  of germ i na I  cen tres 
and med u l la ry co rei s .  Thesc changes are seen i n  l epromatous leprosy .  

Cellular immu nily. The paracort ica l  area of  t h e  nod e ,  whose deve lopmen t is 
dependen t  upon the i n tegr i ty  of  the thymus  in foeta l  I i fe ,  expanel s .  I t  becomes 
popu la ted by  smal l  I ym phocytes ,  which enter  t h rough the  postcapi l l a ry ven u les ,  
and start to div iel e .  These la rge pa le  el iv i el i n g  ce l ls  are a l so  pyron i n ophy l i c  on 
stain i n g. Sma l l  n o n-pyron i n ophy l i c  I ymph ocytes are proel u ceel and  leave the  n oele 
t h rough the i n termeel i a ry si n u ses, wh ich  become great ly  e1 i s te ndeel . In  a pu re 
ce l lu lar response the  cortex  anel meel u l l a  a re t h i n neel .  These changes are seen i n  
tubercu lo iel l ep rosy ( TI) .  . 

M ost m icro-organ i sms con ta in  an t i gens  wh ich  between the m  e l i c i t  both types 
of re sponse .  

Cellu lar e )len ts leading to an tibody production and cell-mediafed immunity 

These eve n t s  are complex  anel st i l l  i m perfec t ly  un ele rstood . A s impl i fie el 
con cept i n vo lves the fo l lowing stages :  
I .  An tige n  b rought  to I ymphoi el t issue sensit izes T - anel B-Iym phocytes of the  

spec i fi c  c lone  of cel ls  that  have the  appropr iate receptor s i t e  on the i r  surface . 
The sens i  t izeel ce l l s  eI ivi ele .  

2 .  T-I ymphocy tes, on  el iv is ion , give rise to : 
( a )  a popu la t ion of  e ffector  cel ls  ( cytoto x ic or "k i l ler" I ymph ocytes wh ich  are 
able el i rect ly  to a t tack cel ls coateel w i th  the spec ifi c  an t ige n .  The ce l ls leave the  
I ymphoiel t i s sue  )lia the  i n termeel iary s inuses, en ter  the b looel s t ream anel 
rec i rcu late  cont in uously u n til they reach the i r  " targe t " ,  whe re further  el ivisi on 
may take p lace .  
(b )  a populat ion of  me mory cel ls  wh ich  take part  in  the secondary immune  
response . 
( c )  he lper anel su ppressor cel ls  wh ich ,  respective ly moel u late B- anel T
I ymphocyte fu nc t ion . I t  is poss ib le that  he lper  anel suppressor effec ts are 
s imply  el i ffere n t  physiologi cal fun ct ions  of e ffec tor ce l l s ,  anel elo no t  represe n t  
e1 i s ti n ct ce l l  populat ions .  
(e1 )  the secre t i on o f  a n u m ber of  solub le factors ( l ymp ! lok i nes) which i nc rease 
the e1 igest ive power  of macrophages anel meel ia te the phe n omena of de l ayeel 
h y persens i t iv i ty .  

3 .  B-Iym phocytes d i v ide  seve ra l ti mes and give rise to plasma cel ls wh ich sec rete 
speci fic  an t iboely .  M ost plasma ce l ls re main  in the Iym phoiel organs .  B-mem ory 
cel ls are proel u ceel . 

EXPR E S S I O N  OF I M  M U N E  R E SPO N S E  

Humoral immunity (antibody mediated) 

There are several ways by wh ich  an t i body can he l p  the  boely to ge t rid of 
micro-organ isms. At the same t ime ' unwanted'  responses to many o f  the an t igens 
i nduce a s tate  of hype rsens i t iv i ty wh ich con tr ibu tes to the pathology of the 
disease . 

The most i mportan t of these mechanisms a re :  
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I ,  Ant i bod y  co mb ines  w i t h  an el neu t ra l i zes t ox i n s ,  a s  i n  e1 i p h t her ia  or t ypho i el ,  
bu t  proba b ly  no t  in leprosy .  

2 .  Circulat i ng ant i bod y (opson i z i ng  or com p lemcnt  fi x i ng)  reac ts w i t h  an tigen 
on the wal l  of  the organ i sm o  In the fi rs t case ra pi el anel e ffi c i en t  phagocytos i s  
ensues .  I n  the se cond com ple me nt  i s  fi xed and the organ i sm i s  Iyseel . N e i t he r  of 
these mechan i sms see ms to be importa n t  i n  e1e fence oga i nst l eprosy .  

3 .  Ant iboel y passi ve ly coats host  ce l l s  an el is ava i l ab le  to react wi th an t igen .  
Th i s  an t i bod y  i s  one  of two  k i nel s .  I t  may be  cy toph i l i c  for m ac rophages ,  i n  wh ich 
case that  ce l l  i s  be t ter  enab led to take up  m ic ro-organ i sms ;  t h i s  mechan ism may 
be i m portan t  i n  ce l l  meel i cated i m mun i ty  to  ce rta i n  facu l ta t ive i n t race l lu lar  
organ isms,  bu t  i t  does not i n c rease the  e1 igest ive power of t ha t  macrophage, and 
may not  be re levan t i n  leprosy . Al te rn a t ive ly  t he  an t i boely  i s  reagi n i c  of the c 1ass 
IgE and is  fi xed to mast ce l l s .  C i rcu la t ing  an t igcn rea cts wi t h  the fi xed an t i bod y 
giv ing  r ise to t he  phcnomena  of local or syste m i c  anaphy l ax i s .  Th is  d oes not  seem  
to  happen i n  l eprosy .  

4 .  Preci p i ta t ing  an t i body combi nes w i t h  ant ige n ,  wh ich  i s  p resent  i n  mode rate 
e x cess, and forms complexes  to wh i ch  complemc n t  i s  fi xed . This may take p l ace 
e i ther  in the circu la t ion or in  the t i ssues .  Complexes fo rmeel i n  the c i rcu l a t i on are 
depos i ted , depend i ng  on the i r  s ize , in  the  enelothe l i a l  spaces of vesse ls ,  notably 
those in  the glomeru lus ,  the sk in  anel synov ia l  mem branes.  A depot of an t i ge n ,  in  
the t issues ,  su ch as a lepromatous noelu le ,  can be the or igi n  of a grael i e n t  of  
an tigen concen tra t ion .  An t i body d i ffuses fro m the c i rcu la t ion  and a t  the  
appropriate re lat ive concen trat ions complexes  a re fo rmeel and  e1eposi ted . Com p le 
men t  is fi xed and the re lease of i t s  th i rd componen t  a t tracts polymorphonuc lear 
leucocytes which accu mulate ,  phagocytose the complexes and re l ease enzymes of 
wh.ic h  the most pote n t  a re proteases an el which cause t i ssue e1amage . Act ivat ion of 
vascu lar  enelothe l i u m  fu rther  en courages ad hes ion of  leucocytes and plat lets ,  
th ro mbos i s  and hae morrhage . Th i s  process i s  i mportan t i n  the ge nes is  of  type 2 
reactions i n  l eprosy (ery thema nodosum leprosum ) .  

Cell-mediated immunity (tymphocy te and macrophage mediated) 

Ant ibodies do not normal ly penetrate host ce l l s .  Certai n  organisms have 
beco me adapted to in trace l lu lar  l i fe ,  and those wh.i ch a re adapteel to  i n tramacro
phage l i fe are especia l ly we l l  pro tected .  These organisms in clude L eishmania. 
M. leprae. M. tuberculosis. certa in  fungi anel ,  to a lesse r  ex tent ,  t he more 
facul ta  t ive i n trace l l u la r  organ isms ,  Salmonella anel Brucella. Cel lu lar  i mmun i ty  is 
of especia l  i mportance in dea l ing  w i th  i n fect ions  caused by these organ i sms .  It is 
a lso of i m portance in some v i ra l  i nfect ions ,  in graft rej ect ion and i n  tumour  
i m mun i ty .  

There are two main  w ays i n  which ce l ls  may proelu ce and ma in ta in  a state of  
immun i ty .  They are  macrophage act ivat ion and Iymphocyte cytotoxic i ty .  There 
are also several mechan isms involved in the product ion of a state of de layed 
hypersensi tivi ty which contrib ute to pathology . 

S pecifical ly sens i t ized T-Iymphocytes, produced  in the paracort ical  areas of  
Iymphoiel t issues, e n ter  the circu lat i on and 'home ' onto the s i te or si tes con ta ining 
ant ige n .  In the case of leprosy th is  is  predom inant ly  the i n fected macrophages of 
the ski n anel nerves.  The phenomena of ce l l -med ia ted immun i ty anel elelayed 
hypersensit ivity fol low . These are : 

1 .  Focalization anel div ision of m acrophages.  



240 rl E LD  WORK ERS'  F O R U M  

2 .  A ccu mu la t ion of I y m phocytes aroun el the  macrophages. 
3. Alterat ion of  macrophages i n to ep i the l i oi el ce l l s ,  o ft en  w i t h  the fo rmat ion 

of  gi an t ce l ls .  S teps I ,  2 an el 3 produce a tubercle , the  charac ter i s t i c  h i s to logi ca l  
p ic ture of cel l-med iateel i m m u n i t y .  

4 .  I n creased enzymat i c  act iv i ty of macrophages a n d  i n creased a b i l i t y  to e l i ges t 
organ i sms . This  i n creased act iv i ty  is not spec i fi c  · to the  organ i s lll i n d u ci ng  the  
i m mune response . 

5 .  Cen tral necros i s ,  or u lcera t ion of  overly i ng  sk i n .  
These phe nomena are probably med i ated b y  I ym phok i nes re leased by 

I Ylllphocy tes as they d iv ide  duri ng contact  w i th  an t i ge n ,  wh ich i s  usua l ly  on the  
su rface of  macrophages. Ly mphok ines  are not i lllmunogl obu l i n s  anel I l ave a very 
short range of  act ion . The i r  action is therefore on ly loca l ,  i n  con trast to t ha t  of 
c i rcu la t ing  an t i body . Lym phok i n es are assayed by their b i ologi cal ac t iv i t i es .  

Ths most i m portan t of  the I Y lllphok i n e  factors are : 
sk i n  react ive factor : th i s  i n creases cap i l lary permeab i l i t y  and  may fac i l i ta te t l l e  

i ngress of  ce l ls  i n to the lesi on ,  
chemotact ic  factor :  t b i s  a t t racts macrophages ,  
macrophage m igra t ion i n h ib i t ion  fa cto r :  th i s  i n h i b i ts the na tu ra l  m igra tory 

prope rt ies of  macrophages and may play a part in the local i za t ion of  i n fect i on . I t  
also i n creases the d igest ive powers o f  Ill acrophage s, a property wh i ch i s  probably 
i m portan t  in  leprosy . 

Cytoto x ic  factors ( Iymphotox i n s ) :  t here a re severa I o f  these , an t igen speci fic 
and non-speci fi c , act i ng  i n  d i fferen t  ways .  They Illay be respons ib le for casea t ion 
i n  tubercu los is ,  u lcerat ion i n  cutaneous le ishman iasis anel for rej ec t ion of 
homogra fts .  They are probab ly not so i m portan t  i n  defence aga inst leprosy , 
though they mign t  con tr ibute to type I react ions .  

M i toge n i c  (b lastogen i c )  factor :  th is  causes I ym phocytes,  both  spec ifica l ly  
sensi tized and non-se ns i t i zed , to d iv ide  and in  do ing so to secre te more 
I ymphok i nes and so i n crease the react ion and ,  so l ong as an t igen  rema ins ,  prolong 
the reac t ion  . . 

When the end  resu l t  of these processes i s  e l imina t ion of invad ing  organ isms and 
protect ion  against  re i n fec t ion a state of cel l-me d iated i m lllun i ty  is sa id to ex i s t ; 
when i n tla lllmat ion a lone , ce l lu lar  or ele layed hypersens i t i v i ty  ex i s ts .  

lepromin 

pos it iv ity 

II 

lymphocyt ic 
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Fig. I .  Cell-mediated immune response , as shown by lymphocytic i n fil t ration of lesions and 
by lepro min p osit ivity .  



F I E LD  WO R K E R S' F O R U M  24 1 

I m m u nologi ca l  Findings in Leprosy 

The pat ho logi ca l  and cl i n ica I chai-acter is t ics of l eprosy form a s pec t ru m  from 
L L  to TT. The fac t or w h ich  m ai n ly de te rm ines  t he pl ace of an i nd i v id u al pat ie n t 's 
d isease on t h is spec t ru m is t h e  e x te n t to wh i ch ce l l -med i a ted i m m ll n i t y  is 
e x pre ssed . In t l lberculo id leprosy ce l l ll l ar  i m m u n i t y  and hy persens i t i v i t y  a re we l l  
deve loped .  I n  le promatous leprosy they are absen t ; i n L L  i n d u ct i o n  an d (or 
ex press ion  may be impaired . [ n  borde r l ine  d isease e x p ression ra ther  than 
i n d ll ct i on is i m pa i red .  I n  add i t i on  the  an t ibody responses a t  the poles d i ffe r and 
a l t h ough th is  d i ffe re n ce does not d i rec t ly con t r i b ll te to the pa t i en t 's pos i t ion  on 
the spect rl l m i t  does  con t r i b ll te  to certa i n  other aspects of the d isease. 

C H A R ACT E R I S T I C S  OF THE I M M U N E  R E S PO N S E  AT THE PO L E S  

Tuberculoid leprosy 

1 .  Cellular response 

The presence of  ce l l ll l a r  i m m u n i ty i s  show n  by certa i n  character is t ics  of  d i sease 
at  this pole and by some ex pe ri me n ta l  d ata .  

( a )  The  esse n t i a l  histo logica l  characteri s t i c  is the  tubercle : spec ia l i zed 
macrophage s  ( ep i the l io i d  ce l l s )  focal ized by I ymphocytes .  
(b)  Delayed cutaneous hy persens i t i v i ty  is presen t  and i s  shown by a pos i t ive 
lepromin  test .  
(c )  Lymph nodes show we l l  deve loped paracort i cal areas con ta in i ng  py ro
n in ophi l i c  b last ce l ls .  I n termed iary s i n ll ses con ta in  n umerous non
pyron i noph l i c  Iy mphocytes .  Germ ina I  cen tres are poorly deve loped and 
medu l lary cords con ta i n  few p lasma ce l l s .  
(d ) Lym phocytes from pat ie n ts wi th  tubercu lo id  leprosy ,  cu l tured i n  vitro i n  
the  presen ce o f  leprosy baci l l i ,  transform i n to b last ce l l s ,  act ivate macrophages 
and i nh ib i t  the i r  m igra t ion .  
( e )  M acrophages from pati e n ts w i th tubercu lo id  leprosy can  be st imu la ted ,  in 
vitro, to d igest  M. leprae i f  I ymphocytes from a tubercu lo id  pa t i en t  (bu t  not  
from a l epromatolls  pat ien t )  are added to the cu l ture .  
( f) T h e  d i sease tends to heal  spon taneously .  

2 .  Hu moral response 

(a) Ant ibod i es to an t ige ns of M. leprae and other mycobacteria can be 
detected i n  sera of under 1 0% o f pat ien ts w i t h  TT leprosy by  preci pi tat ion 
techn iques .  
(b )  Auto-an t ibodies  are not  produ ced . 

L epro matous leprosy 

1 .  Cellu/ar response 

The absence of cellu l a r  i mm u n i ty i s  shown b y : -
(a )  There i s  no tubercle format ion . The histologica l  p i cture i s  that  of the 
leproma :  u nd i ffere n t i ated macrophages , often  damaged by  oedema  and fu I !  of  
bac i l li , w i th  n o  surroun d i n g  Iymphocytes .  
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( b) The le pro m in test is nega t ivc . 
( c )  L y m p h  n od es show we l l  deyc loped ge rm i na i ce n t res an el med u l l a ry core is  
fu l l  o f p lasma cc l l s .  Paracort i ca l  a reas  a re poorly deve l opeel and  a re re p l aceel by 
u n el i ffe re n t i a ted  and o ft en  bac i l l i ferous  macrophages . I n t c rmec l i a ry s i n u ses el o 
n o t  con ta i n  I y m ph ocy tes .  
( eI ) Ly m ph ocy tcs from pat i en ts with l e promatous  l ep rosy el o not t ra nsform in 
vUro i n to b las t  ce l l s  i n  the presen ce of M. leprae, nor d o  t hey ac t i vate  
macro ph ages or i n hi b i t  the i r  migra t ion . The proport ion of c i rcu l a t i n g  
I y m phocy tes ,  capab le of b ind i ng M. leprae to t h e i r  su rface ,  i s  m u ch lower i n  
lepromatous than i n  tu be rc u lo i d pa t i ents . 
( e ) M a crophages from lepro mat o us pa t i e n ts can be s t i m u l a ted in ) JUro to  d i ges t  
M. leprae i r  Iy m phocy tes fro m  a tub ercu lo iel pa t i e n t ( bu t  n o t  from a 
le p ro mato us )  a re adel e d  to the  c u l t u re .  
( f)  T h e  d i sease d oes  no t  hea l  spon ta neous l y . 

2. Hu moral  respollse ( F ig. 2 ) 

L iab i l ity to 
develop E .N . L. 

II 

C i rcu lat ing 
ant ibodies 

88 8T TI 

Fig .  2 .  Humora l  response,  as shown by p resence of circulating ant ibodies and l iabi l i ty to 
develop e rythema nodosum l eprosu m .  

(a )  Ant ibodies  to an t igens  o f  M. leprae and other  mycobacteria can be 
detected i n  h igh t i t re by complemen t  fi xa t ion , prec ip i ta t ion and  i nd i rec t  
h aemagglut inat ion .  Preci p i t ins  to up  to 5 an tigens are present  in  80% o f  
lepro matous sera . Serum l eveis of  IgG are raised. 
(b) Sera from lepromatous pat i en ts do not  i n h i bi t ,  in vitra,  t he b lastoge n ic 
response to M. leprae of  Iymphocytcs from tuberculoid pat ien ts .  This 

observat ion i m pl ies  the absence of  enhancing an t ibod ies in t hose sera. 
(c)  Many auto-bodies  are produced .  They i n clud e rheumatoid factor, an t i
thyroglobu l i n  ant ibody,  cryoglobul in s ,  C-react ive prote in  a and fa lse posi t ive 
b io logical tests for syphi l i s  such as the Wasserman react ion . 

An t ibod ies i n  leprosy do not  seem to have any protective or usefu l  role .  
They are unab l e  to get at the  i n trace l lu lar organ i smo  They p l ay  a role i n  type  2 
react ions ,  bu t  in do ing  so are of no  benefi t  to the pat ien t .  l t  is not known 
whe ther auto im mune ant ibod ies cause t i ssue damage , resu l t  from tissue 
damage or are a m an i festat ion of  the adjuvan t  act iv i ty of  M. lepra e in Iym ph 
nodes and not  d i rect ly re lated to the c l i n icai  or  pathological pattem of 
leprosy .  
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N ATU R E  OF I M M U N E  D E FI C I ENCY IN  L EP R O M ATO U S  LEP ROSY 

The i m m uno logica l  fi nd ings in l eprosy i n d icate  t l 1a t  t l 1 ere is a de fi c iency of 
ce l l u la r  i m m u n i ty to M. /eprae in  pat ients  w i t h  lepromatous leprosy . The c lone of 
I ymphocy tes which should respond is abse ll t or unrespolls ive .  As a resu l t  of th i s  
macrophages are not act ivated and a re unab le  to d igest  M. leprae. Other  features 
of ce l l u lar  hype rsens i t iv i ty are also absent . In LL th is  d e fi c iency would appear to 
be  abso lute , I i fe long and not revers ib le  a fter  trea tmen t ,  wh ich  has led people to 
suggest that  a gene t i c  defect  may be  i nvolved anel there i s  some epiel e m io logical  
eviel ence to sup port this v iew . On the  other hanel there is only a re la t ive defect  in  
BL anel BB  leprosy , anel pati en ts may move the i r  posi t i on on the  spectru m ,  
towarel s the le promatous pole i r  lI n t reated o r  towarel t h e  tubercu lo iel pole i r  
t reated . These facts i nd i cate tba t  t h e  pre se nce of t he baci l l us i tse l f  speci fi ca l ly  
elep resses ce l l u lar i m mun i ty .  

A n tiboel y response i s  l In i m pa i recl i n  L L. H igh t i t res  are presen t  to myco
bacter ia l  an t ige ns anel the respon se to i m mun izat ion w i th  typ hoid vacc ine (TAB) 
is normal .  E n l 1an c ing ant iboely has not  bee n demonst rated . 

Thus,  i n  lepromatous l eprosy , there ex i s ts a state that  resembles  se lect ive 

T-Iymphocy te to lerance ( med iateel by an t igen or suppressor T-ce l l s )  or imml lne  

d ev iat ion ( m ed iated by an t ibody ) .  I n  borderl i ne d i sease these defects are no t  

absolute  anel some adel i t ional moelulat i ng process, such  a s  ce l lu lar desensi t izat ion ,  

may be  opera t i ng .  
1l1e seve re eleficie ncy of cel l u lar  immunity i n  LL is specifi c  for M. leprae. There 

is ,  however, a part ia l  general ized elepress ion of cel lu lar  immuni ty  i n  some pa t ien ts  
wi th seve re L L .  They have a reduced number of  c ircu lat i ng T-Iymphocy tes, anel in 
llirra tests of I ymphocyte funct ion to other  ant igens may be sl igh t l y  impaired . 
The i r  response to sensi t izat ion w i th  some bu t  not al i chemical agents ( e .g .  
d i n i trochlorobenzene)  i s  i mpa ireel ,  the ir  response to seve ral sk in  test ant igens is 
depressed , they reject  grafts of  homo logous sk i n  more sl owly anel they may be 
more suscept ib le  to incurrent  d isease . Th i s  d epression ,  wh ich tends to recover 
after  treatment ,  is poss ib ly d ue to d isorganizat ion of  I ymph n oele a rchi tecture anel 
to ant igenic competi t ion .  

Severa I a t tempts have been mad e  to correct the specific defect  of  cel l med i ated 
immunity i n  l epromatous l eprosy by  giv ing pat ients I ymphocytes or an extract of 
Iymphocytes-transfe r  factor- from normal or immune i ndividuais .  So far there 
h ave been  no convi ncing reports tha t  these attempts have a l tered the course of  
lepromatous d isease . The re have as yet  been n o  reports of the use  of  transfe r  
factor to s top  t roublesome chronic eryth ema nodosum leprosum i n  we l l  treated 
lepromatous patie nts ,  a s i tuat ion which might be  amenable to  this sort of 
immunostimulat ing therapy . 
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