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In troduc tion 

The only s imp le d i s covery i n  leprosy has probab ly been made more 
than a century ago . I t is clear from the di s e a s e  spe ctrum tha t  the 
modulation o f  the hos t re spon s e  to the lazy My cobacterium has to be 
a comp l i cated matte r . That gene t i c  ho s t  factors p l ay a role was al
re ady re a l i zed be fore Hansen ( 1 ) . Probably the be s t  and certa i n ly 
e a s i ly presentable evidence for an impo rtant role o f  gene t i c  host 
factors come s. from tw in s tudi e s  conducted by Chakravartti and Voge l 
on ly about 1 0  ye ars ago ( 2 ) . Tab le 1 shows that monozygotic  twi n s  
show a much h i gher concordan cy n o t  o n l y  f o r  leprosy , but also for 

Tab l e  1 .  Gene t i c  host- fac tor s i n  leprosy : twin s tudi e s . 

both leprosy 

type = type t-
monozygo t i c  twins ( n = 6 2 ) - 3 2  ( 5 2 % )  5 ( 8 % )  

di zygot i c  twi n s  ( n = 40 ) 6 ( 1 5 % )  2 ( 5 %  ) 

( from : Chak ravar tti and Voge l 1 9 7 3 ) 

leprosy type . 
There are two important reasons why a s tudy o f  the HLA sys tem 

in re lation to the d i s e a s e  spe ctrum in leprosy a pr iori  se emed 
worth wh i le . I n the f irs t pl ace , the HLA sys tem shows more than 
enough vari ation to be a good candidate for an important and there
fore probab ly comp l i cated hos t factor . I n the s econd p l ace, pro
duc ts of the HLA sys tem have been shown to be i nvolved i n  the im
mune re spon se and in parti cular in the interaction be tween T ce l l s  
and macrophage s ( 3 )  s upposed t o  b e  o f  cruc i a l  importance i n  the 
host de fense agai n s t  My cobacter ium leprae ( 4 ) . 



110 RRP de Vries et al 

The HLA sys tem (3) 
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F i gure 1 i l lus trate s some important aspe cts of the HLA sys tem and 

i ts gene products . At least  7 loci  have been de f i ned , where the 
gen e s  are located coding for 3 type s of mo lecule s .  The f i r s t  type 
i s  present on mos t  i f  not a l l  nucle ated ce l l s  and i s  coded for by 
genes s i tuated at three loci : HLA-A , - B , and -c. Every de te rminant 
i s  i denti f i ed by a number ( e . g .  Al ) . I f thi s  de f i n i tion i s  not yet 

optima l , the number is pre ceded by the pre f i x  "w" ( e . g .  Cwl ) . A 
s e cond type o f  determinants i s  a l s o  s i tuated on the ce l l  membrane , 
but has a re s t r i cted t i s sue d i s tribution .  Thi s  type I I  determinant 
is s e e n  pre fe ren ti a l ly on lymphocyte s (main ly B lymphocytes , but 

. a l s o  ac tivated T lymphocyte s )  and macrophage s .  Or i g i na l ly the s e  
de te rminants were de f i ned b y  ce l l  cu lture methods ( mixed lymphocyte 

cul tur e s ) ,  but more recently thi s  i s  a l s o  pos s ib l e  wi th s e r o log i c a l  
te chnique s . Al though the re a r e  p robab l y  more loci  containing gen e s  
coding f o r  the s e  de te rminants , thus far on ly o n e  l o c u s  has b e e n  we l l  
de f i ned : HLA-D, o r  -DR , i f  w e  mean the se rologi cal ly d e f i ned deter
minants . Fina l ly a number of factors o f  the s erum comp lement sys
tem are coded by gene s located i n  HLA : C2 and C4 o f  the c l as s i ca l  
a n d  factor B ( Bf )  of the a l t e rnative pathway . 

Both type I mo lecules  ( HLA-A ,  - B, and -C ) and type I I  mo lecules  
( HLA-D , -DR)  are very polymorph i c : about 2 0  d i f ferent HLA-A deter

minants ( or a l l e l e s ) ,  4 0  HLA- B , 8 HLA-C , and 10 HLA-D ( R )  de termi 
nants are known . The comp l ement factor.s show a much l e s s e r  degree 

o f  po lymorph i sm . Eve ry individual has  2 cop i e s  o f  chromosome 6 and 
the re fore 2 HLA-A , - B  e tc . de te rminants , wh i ch because of  th i s  h i gh 
po lymorphi sm wi l l  o ften be d i f ferent . The comp l e x i ty of  the HLA 
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sys tem i s  illus trated by a compar i s on with the ABO sys tem : i n  the 
ABO sys tem the re is one locus w i th 3 allele s and 6 di f fe rent geno
type s , whe reas the HLA sys tem has a t  le a s t  7 loc i  w i th more than 
90 de terminants and more than 40 x 1 06 pos s ible combination s . 

The d i s tance between the di f ferent HLA loc i  i s  very small : only 
i n  about one out o f  1 0 0 me i o s e s  a cros s -over occurs . The in forma
tion for the d i f ferent HLA determinants on one chromosome , or haplo
type , i s  there fore ne arly always i nh e r i ted as such . Eve ry i ndivi
du al has 2 HLA haplotype s ,  wh ich can le ad to 4 dif ferent comb i na
tions , if he or she mar r i e s  and gets ch ildre n .  One in 4 ch ildre n 
will there fore be identi cal for HLA . Unrelated individuals have o f  
cours e  a much smalle r chance t o  b e  HLA identi cal i f  we thi nk o f  the 
enormous number o f  pos s ible combination s . I t  appears however that 
s ome combination s  occur much more frequently than expected on the 
bas i s  of the re spe c tive gene frequenc i e s . Th i s  phenomenon is call
ed link age d i sequilibrium and i s  illus trated in f i gure 2 .  

Figure 2 .  Linkage d i s equilibrium ( Al-B8 -DRw 3 ) ; 75 DRw 3  po s i tive 
haplotype s on HLA-A versus HLA- B .  ( from Lamm e t  al . 1 9 7 7 ) 
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It i s  qui te po s s ible tha t  individuals carrying the s e  preferential 
combinations have had a better chance to surv ive i n f e ctious d i s e a s e s  
i n  the pas t ( 4 ) . I t  should be noted th at there i s  a great var i ation 
both o f  gene freque n c i e s  and linkage di sequilib r i a  be tween d i f fe r 
ent population s . 

I n  the pre sent context , we will con fine ourselve s to mention 
only one functi onal aspe c t  o f  the products o f  HLA , whi ch i s  prob ab -
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ly the mo s t  pe rtinent w i th re spe c t  to lepro sy .  The type I I  mo le
cule s , that is  HLA-D ( R ) , are cruc i a l  in the interaction be twee n  T 
ce l l s  and macrophage s ( 3 ) . Th i s  i s  i l lu s trated in figure 3 for the 
re spon s e  to PPD. 

F i gure 3 .  PPD re spons e s  of  a l l ogene i c  T lymphocyte /mac rophage com
binat�ons expre ssed as r e l ative anti gen - speci fi c s t imu lation ( RAgS ) . 
The range s  and medians are given . Note that for an adequ ate r e s 
ponse, T lymphocyte and mac rophage donors mus t  s h a r e  at l e a s t  one 
HLA-D antigen . ( from Bergho ltz and 'l'hor sby 19 7 7 )  
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Some gene r a l  me thodo l og i c a l  comments on HLA and d i s e a s e  s tudi e s  

When l ooking for a pos s ib l e  re l ationship between H LA and a di seas e , 
two di fferent approach e s  have been used : a popu lation s tudy or a 
f ami ly s tudy . I n  a popul ation s tudy we look for an a s s o c i ation be
twe en a particular HLA type and a d i s e as e , wh i ch may be due to 
e i ther c aus ation ( that is the a s s o c i ated antigen i t s e l f  i s  re spon s 
ab l e  f o r  the h i gher or l owe r s u s c eptibi l i ty )  o r  l i nkage d i s equi l i 
brium o f  a sus ceptibi l i ty gene wi th the a s s o c i ated HLA marke r . For 
the bas i c a l ly s imp le protoco l , the s tati s t i c s  and p i t fa l l s  o f  the s e  
s tudi e s , the interes ted reade r i s  re ferred to S ve j gaard e t  a l . ( 6 ) . 

F ami ly s tudi e s  have two b i g  advantage s compared wi th popu lat ion 
s tudie s :  1 ) , we do not h ave to be afraid for arte facts due to popu
l ation heterogene i ty and 2 )  they do not re ly on l i nk age d i s equi l i 
brium . Of cours e  a th i rd important aspe c t  o f  f ami ly s tudi e s  i s , 
that they may p rovide extra gene t i c  i nformation , such as the i nher i 
tance , penetrance and frequen cy o f  d i s e ase sus ceptib i l i ty ge ne s . 
Apart f rom the fact that appropri ate f ami l i e s  are o ften d i f f i cu l t  
t o  c o l l e c t , a me thodo log i c a l  prob l em i s  th at f ami l i a l  c a s e s  o f  a 
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given d i s e a s e  may not be repre s entative o f  the patient population . 
The s tat i s t ics o f  the s e  f amily s tudi e s  bas ically concern the 
que s t i on: do a ffected s iblings more often than e xpected share HLA 
haplotype s ?  

HLA-A , - B , - C  and leprosy: population s tudi e s  

We know o f  1 6  publications addr e s s i ng the que s t i on o f  a pos s ible 
a s s ociation be twee n  HLA-A , - B , and/or - C antige n s  and leprosy or 
leprosy- type ( 7-22 ) . Before attempting to draw ge neral conclus ions 
from the s e  s tudi e s  a few commen t s  s eem use ful .  I n  the f i r s t  place , 
the leprosy cla s s i f ication vari e s  from s tudy to s tudy . Furthermore 
the s e  s tudies o f ten concern small patient s ample s or small s ample s 

from ce rtain s ubgroup s . Some time s  there have been clear technical 
problems in HLA typi ng ( 8 ) , and in ge neral the i nve s tigator s did 
not use the s ame typi ng reagent s . All the s e  factor s  make compar i 
son s  and interpretation a di f f icult task . Perhaps the mos t  impor
tant me thodological cri tici sm i s , th at often not enough care seems 
to have been taken i n  matching of  the control group . Probably j us t  
the he althy donors or s t a f fmembers of  the HLA typi ng center often 
do not repre sent a well matched con trol group . Th i s  i s  elegantly 
shown for i n s tance by Smi th e t  al . ( 1 1 ) . 

Wi th the s e  con s i de ration s  i n  mind , we choos e not to make an ex
tensive analy s i s  o f  all pos i tive and negative data , but rath e r  to 
s e e  whe ther there might be a pattern in the pos i tive r e s ults . 

Table 2 .  Leprosy and HLA: a s s ociations w i th HLA-A and - B . 

coun try ( re f . ) HLA Antigen freq . in patients vs con trols 
antigen T L 

E th i op i a  ( 7 )  Bw2 1 
India ( 1 2 )  } = ( LL )  

Thailand ( 1 6 , 1 8 , 20)) A9 -} ( RR = 0 . 4 ) 
t ( RR = 3 . 2 )  S i ngapore ( 2 1 ) J B 1 7  

Spain ( 9 )  B 1 4  t? ( RR = 1 3 )  

x 
RR = Relat i ve r i sk = how many time s  more frequently the di s e a s e  
occur s  amongs t  individuals carry i ng the antigen as compared t o  
those wi thout i t . In  thi s particular cas e  the Bw2 1 antigen d i d  
n o t  occur amongs t  healthy controls ( and L L  patients ) s o  that 
theore tically the RR i s  i n f i n i te . 

Table 2 shows the ass ociation s , wh ich were e i ther con f i rmed i n  other 
s tudi e s  ( A9 and B 1 7 ) , or s ign i f icant after correct i on for the num
bers  of compari sons made and not di sproved by late r s tudi e s  ( which 
we re s imply not per formed to our knowledge: Bw2 1 and B 1 4 ) . I f  we 
then try to draw s ome general conclu s i on s , we could s tate the fol
lowing: 

The fact that only 7 out o f  the 1 6  s tudi e s  are li s ted me ans that 
a lot of s tudi e s  were negative or not con f i rmed . 
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Wi th one exception ( 9 )  the a s s o c i ations are w i th tubercu l o i d  
leprosy . I t  i s  pe rhaps interes ting that i n  Spai n  the rat i o  tuber
culoi d  ve rsus lepromatous leprosy i s  1 : 2 . 5 ,  where as in the othe r 
s tudi e s  th i s  ratio i s  �1:1. Anothe r e xception migh t  be Japan w i th 
a T : L  ratio o f  1 : 3 , whe re no s i gn i f i cant d i f ferences i n  HLA an tigen 
freque n c i e s  might be found between tube rculoid and lepromatous le
prosy , but both d i f fe r ing from he a l thy contro l s  ( I s umi e t  a l . , 
per s ona l commun i c a t i on ) . The Re lative Ri s k  ( s e e  note to Tab le 2 ) , 
for the con f i rmed a s s o c i at i on s  i s  in the orde r o f  3 ,  wh i ch mean s 

that i t  i s  certai n ly not an " a l l  or none " phenomenon . 
The fact that as soc i ations w i th d i f fer ent HLA an tigens are 

found is mos t  e as i ly exp l a i ned by a s s umi,ng th at the a s s oc i ations 
are not due to caus ation but mos t  probab ly due to l i nkage di sequ i 

l ibrium o f  the a s s o c i ated an t i gen w i th leprosy sus ceptib i l i ty gene s . 
I t  was s t a ted e ar l i e r  th at the re i s  marked inter-popu lation var i a 
tion i n  l i nkage d i s equi libri a .  Thi s  log i c a l ly led us t o  fami ly 
s tudi e s . 

Fami ly s tud i e s  

Because the dete c t i on o f  l i nkage i n  fami ly s tud i e s  doe s n o t  re ly 
on l i nkage d i sequi l ib r i um ,  the s e  s tudi e s  seemed mos t  appropri ate to 
te s t  whe the r the a s s umption , that the a s s oc i at i on s  found were due 
to link age di squilibr i um of the a s s o c i ated HLA ant i gen and a l epro
s y  s u s ceptibili ty gene was corre c t . As far as we know 6 fami ly 
s tudi e s  were performed ( 2 3 - 2 8 ) , o f  wh i ch 3 by the s ame group , name 
ly ourselve s ( 2 3 , 2 5 , 2 7 ) . The pos i tive r e s ults o f  the s e  s tudi e s  are 
shown i n  Table 3 .  

Table 3. S egregat i on o f  HLA haplotype s from he althy pare nts in 
s iblings a f f e cted w i th tube rculoid leprosy . 

Famili e s  Obs erved Expe cted 
s tudied ED Ed E02 

d X2 p value 

Surinam 2 6  1 7  1 4  5 . 1 6 <0 . 0 2 5  

India I 1 9  1 1 . 5  1 0 . 7 5  4 . 5 6 <0 . 0 2 5  

I nd i a  I I  1 0  9 7 . 5  0 . 0 3 n . s .  

I nd i a  I + I I  2 9  2 0 . 5  1 8 . 2 5 3 . 5 1  <0 . 0 5  

'Potal 5 5  3 7 . 5 3 2 . 2 5 8 . 9 6 <0 . 0 0 2 5  

The conclus ions from the s e  3 s tudi e s  we re a )  that ( a )  gene ( s )  
conferring susceptibility to tuberculoid leprosy is linked to HLA 
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and b )  that the data be s t  f i tted w i th a r e ce s s ive i nheri tan ce . Th i s  

w a s  confi rmed i n  a large s tudy by Fine et  a l . ( 26 ) ,  that i s  on ly 
evidence for s u s ceptib i l i ty to tube rculoid leprosy be i ng linked to 
H LA and again s ugge s t i on for rece s s ive i nher i tance . Not e as i ly 
explainable by us i s  the observation i n  the latter s tudy that the 
data we re only s i gni f i cant in fami l i e s , where both parents were 
h e a l thy. A s tudy of one 3 generation fami ly i n  Bras i l  ( 2 8 )  i s  com

patible with these data. � s tudy by S toner e t  al . ( 2 4 )  used a 
quite different protoco l ,  but i s  a con f i rmation o f  our and Fine ' s  
nega tive r e s u l t s , name ly that no evidence was found for l i nkage 
of  susceptib i l i ty to lepromatous leprosy wi th HLA . 

Associ ations w i th HLA-DR? 

As s tated e a r l i e r  it was expe cted for functi ona l reason s , that 
s tronger a s s o c i ations than w i th HLA-A , - B , and -C might be found 
with HLA-DR ( 3 ) . The f�r s t  indi cation , that th i s  might indeed be 
the case c ame f rom our fami ly s tudi e s  in Indi a ( 2 5 , 2 7 ) , where no 
evidence for an a s s o c i ation of tube rculoid leprosy with a parti cu
lar HLA-A , - B , or -C antigen was found , but a s i gn i f i cant a s s o c i a
tion w i th HLA-DR2 . Moreove r , a preferenti al segregation of HLA-DR2 
from h e a l thy parents to chi ldren affected wi th tube rculoid leprosy 
could be shown i n  the f i r s t  s tudy ( 2 5 )  and con f i rmed i n  the s e cond 

fami ly s tudy ( 2 7 ) . Tab le 4 shows the comb ined data o f  the two s tu
d i e s . 

Tab le 4 .  I nheri tance o f  DR2 haplotype s by the ch i ldren affected 
w i th tuberculoid ( T) leprosy o f  e ach DR2 hete rozygous 
paren t ( 2 7) . 

Fami l i e s  
x 

Parents 

India I H e a l thy 
A l l  not affected 
w i th T leprosy 

India I I  H e a l thy 
All not affecte d  
w i th T leprosy 

India 1+11 Healthy 
A l l  not affected 
w i th T l eprosy 

Children w i th T l eprosy 
0 

DR2 
i nheri ted 

8 
1 1  

1 2  
1 2  

2 0  
2 3  

DR2 not 
i nheri ted 

3 
3 

1 
5 

4 
8 

X 2% 

2 . 2 7 
4 . 5 7 

9 . 3 1  
2 . 8 8 

1 0 . 6 7 
7 . 2 6 

p 

0 . 0 1 3  
0 . 0 3 

0 . 0 0 2  
0 . 09 

0 . 0 0 1  
0 . 00 7  

x
Data from I ndi a I i s  from ( 2 5 )  and from India I I  i s  from ( 2 7 ) . 
India I + I I  repre sents data that were comb i ned from the two 
s tud ie s . 

°
Numbe r s  i n  the s e  columns refer to number o f  DR s e gregations , not 
to numbe rs o f  chi l dren . 

%
Calc u l ated for deviation from expected 1 : 1  ratio . 
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O f  course we then performed a popu l ation s tudy to te s t  whe the r 

th i s  a s s o c i ation cou ld a l s o  be shown in non - f ami l i a l  cases . To our 
d i s appo intment no a s s o c iation w i th HLA- DR2 ( nor any other HLA ant i 
gen ) could b e  shown f o r  tubercu loid leprosy patients w i thout fami
ly members known to be affected w i th leprosy ( van Eden e t  a l . , 
Ti s s ue An tigens i n  pre s s ) . Although not e xpe c ted , th i s  negative 
r e s u l t  in  our mind i s  intere s ting.for epi demi o logi s ts , because i t  

s ugge s t s  a di f ferent epidemi o logica l  s i tuation for fami l i a l  and 

"sporad i c" tube rculoid leprosy . 
A l s o  unexpe cted was that in  two abs o lute ly di f ferent popu la

tions an a s s o c i ation w i th HLA-DR2 was repor ted , name ly i n  Mexi can 

I ndians ( 2 9 )  and in Japan ( I s umi e t  al . , pe rsonal commun i cation ) .  
I n  Japan the a s s o c i ation was not only wi th tuberculoid but a l s o  
w i th lepromatous leprosy ( se e  a l s o  the paragraph o n  HLA- A , -B , -C 
popul ation s tudie s ) . Thi s  mi gh t  indi cate , that HLA-DR2 i ts e l f  
might b e  re sponsible for the increased sus ceptib i l i ty to ( tube rcu
loid ) leprosy . 

Tab l e  5 .  HLA-DR3 in he a l thy con tro l s  versus leprosy patients . ( 30 )  

HLA-DR3 pos . HLA-DR3 neg . X2� p value 

H e a l thy contro l s  2 3  6 3  

TT patients 1 6  13  7 . 6 1  0 . 0 0 6  

BT patients 4 1 3  0 . 0 3 n . s .  

BL + LL pati e n ts 1 2 2  4 . 89 0 . 0 2 7  

� S i gn i f i cance o f  d i f ference whe n  compared w i th he a l thy 
control s .  

That thi s  doe s not s e em to be the case , at leas t not i n  every 
popu lati on , is shown by the intere s t i ng r e s u l t s  of a recent s tudy 

conducted among Surinam peop l e  shown in Tab l e  5 and graphi ca l ly 
i l lus trated i n  f i gure 4 .  Thi s  s tudy mos t  c le a r ly s ugge s ts , that 
the a s s o c i ation is not w i th sus ceptib i l i ty to leprosy , but rathe r 
w i th the re spons e  to the bac i l lus . 
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Figu r e  4 .  Re l a t ive r i s k s  t o  deve lop d i f fe r en t  type s o f  leprosy for 

Sur inam ind i v i d u a l s  car r y ing HLA- DR3 as compared to those lack ing 

th i s  determinant ( 3 0 ) . 
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The gene t i c  factors controlling the course o f  M . leprae infec
tions are not s imple , not con f i ned to HLA , and probably di f fe rent 
and/or di f ferently modulated by e nvi ronmen tal factor s in di f ferent 
populations . 

As far  as  HLA-li nked factors are concerned : mos t  evidence exi s ts 
regarding the developme nt o f  tube rculoid leprosy . Thi s  me ans that 
individuals prone to develop tube rculoid leprosy may be genetically 
di f ferent from those , who s tay healthy after e xposure to the 
bac illus . We reali z e  that th i s  i s· not in keeping wi th the ideas 
many epidemi ologi s ts have on tube rculoid leprosy . 

I t  s e ems that the HLA-linked fac tor(s ) do not confer sus cepti
bility to i n fe ction , but r ather modulate the type of  immune re spons e  
t o  M . leprae . Thi s  i s  s imilar t o  obse rvations i n  mi ce f o r  other in
tracellular growing bacte r i a , such as  Li s te r i a  and Leishmani a , 
where the sus ceptibili ty to i n f e c t i on i s  not , but the developmen t  
of spe c i f i c  immunity i s  linked t o  H- 2 , the equivalent o f  the HLA 
sys tem i n  the mous e  (3 1 , 3 2 ) . 
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