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ABO Blood Groups and Leprosy I 

K. V. N. Prasad and P. Mohamed Ali ~ 

Different research workers have stu d ied a 
poss ible assoc iation between t he in cidence o f 
leprosy and th e di stribution of blood groups 
in hum an popula tions and have come to di f­
ferent conclusions. The earl ier workers M ala­
iho lio (4), M arti (5) and Cesarino Netto (1), 
conclu ded th at no relationship exists between 
tJ~ e distribution of blood groups and increased 
in cidence of leprosy . L ater Weidmann anci 
K atkin (7) studied th e d istribu tion of blood 
groups in relation to leprosy and believed 
t here was no definite relat io nship between 
predisposition to leprosy and the blood 
grouping of th e different races . R ecentl y 
H suen and associates (3) concluded from 
their study th at the dist ribution of blood 
groups in leprosy patients differs signifi ­
can tl y from th a t of th e genera l popu lat ion, 
a fact , if true, suggest in g an associat ion 
between t he in cidence of leprosy and t he 
ABO blood groups. Tn the in vestigation here 
reported an a ttempt has been made to study 
the pro blem with the help of data co llected 
by th e Cent ral Lep rosy T eaching and R e­
search Institute, Chingleput, Indi a. 

METHODS AND MATERIALS 

Th e aim of the present study is to deter­
min e if any assoc iation exists bet ween th e 
d istribution of blood groups anci the in ci­
derlCe of leprosy, o r in other words to fin d 
out if individuals belonging to a part icul ar 
blood group are more prone to the d isease 
th an others. Th e inh eritance of th ese blood 
groups i ~ contro lled by t hree all elomorp hic 
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genes with certai n frequencies in t he norm al 
popul ation, wh ich genera ll y d iffer in d if­
ferent races. Most of t he geneti c vari at ion 
between d ifferent popu lat ions is qu ant ita­
t ive rath er t han qu alitat ive. Th e vari a tion 
is in t he frequ ency of parti cul ar genes rath er 
t han in t he possess ion of genes uniqu e to 
them. The association between the d istribu­
t ion o f blood groups and the incidence of 
leprosy, or in o ther words t he greater affinit y 
o f in div idua ls belongi ng to a parti cul ar blood 
group for lep rosy, can be revealed onl y by a 
signifi cant d ifference in t he frequency of the 
gene contro lling the inh eritance of that 
parti cul ar blood group in t he normal popul a­
tion as compared with th at in the popul ation 
of leprosy pat ients. Thus if th ere is any real 
association between the di str ibution of blood 
groups and t he in cidence of leprosy, th e 
frequ encies of th e genes cont ro lling th e 
inheri tance of blood groups should be dif­
ferent in a population of leprosy patients 
from those in the normal population free 
from leprosy. Onl y wh en t hese frequencies 
are different can we be sure of an association 
bet ween t he two. 

D ata have been coll ected by the Central 
Leprosy T eaching and R esearch In stitute 
on t he d ist ribu t ion of blood groups of 
lepromatous and nonlepromatous leprosy 
pat ients and th e general popul ation o f normal 
persons. P eople wi t h leprosy come to t he 
Institute fo r treatment from different parts 
of South In di a. For prac t ical purposes they 
can be t aken as rep resentat ive of the South 
In dian popul ation. In add it ion, for compari­
son, da ta are conside red on 70,000 persons, 
co llected by the King In stitute, Guindy, 
Madras (2), in t heir routin e t est s for blood 
bank purposes on t he dis tribution of blood 
groups in t he Sout h. D etails of the data 
co llec ted as required for the pres en t study are 
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given in T ab le J. Four groups are se t up for 
comparIson. 

Th e next step was t he estimation of gene 
frequencies. A mong the three genes con trol­
ling the inheritance of the blood groups ABO 
the gene 0 is recessive to A and B. Let r, 
p, and q be the frequencies of the genes 0, 
/I, and 8 respectively. Under random mating 
the expected probabilities of the genotypes 
and the phenotypes with their derivativ .;s 
wi t h respect to the independen t parameters 
p and q (s ince p + 1 + r = 1) will be: 

Th e necessary corrections required to obtain 
the correct estimates of the gene frequenci es 
are provided by using "the method of maxi ­
mum likeli hood" (method of scoring) (6). 
The variances o f these estimates are also 
obtained. The method of esti mating the gene 
frequencies, together with their variances in 
the four populations, is explain ed bri efl y in 
su bseqlien t paragraphs. 

ESTIMATION OF GENE 
FREQUENCIES 

The observed frequenci es of the four 

Phenotype Genotype P robabi lity Partial derivatives 

0 00 1'2 O'lr 'lr0 

A AA p2 }pz + 2 p1' op oq 
/10 2 p1' - 21' - 21' 

B BE q2 }12 + 2 11' 2r - 2p 
EO 2 1r - 2q 2r 

/If] /1 8 2pq 

Let N be the total observed frequencies of 
all the phenotypes in any population. The 
rough estimates of t he gene frequencies in 
any p.opulation are then as follows : 

pi 1-10 t B 

ql = 1 _1° t /J 

where rl + pi + ql should add up to unity. 

21 2p 

phenotypes in the four populatio·ns are given 
in Table 1. A rough estimate of the gene 
frequencies in the differen t popu lations is 
presented in Table 2. 

According to the probability law the to ta l 
should add up to unity. But from Table 2 
it will be seen that the estitnates need cor­
rection, since their total s do not add up to 
unity. The necessary corrections are pro­
vided by calculating the efficient scores. 
The probability and the necessary coefficients 
for calcu lating efficien t scores at the approx­
imate values of the gene frequencies in the 
different populations are given in Table 3. 

TABL~: I. Distr ibution of blood fJrolips in (hJJerenl poplI.latioll s. 

Blood grol1p~ 

Population 0 A B AB Total 

Lepromatolls 339 166 227 50 782 
Nonlepromatolls 158 99 .1:35 :30 422 
Normal" 473 291 369 75 1,208 
South Indian 28 ,040 14 ,721 22 ,4:12 4 ,907 70, 100 

• ~ormal persons who were grollped in the Laboratory Division of this InstiLute. 
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TAlnE 2. Hough estimate oj gelle frequencies in different population 8. 

- - - -

Gcne frequcn cies Lepromatous 

1'1 0.65841 
p' 0 . H924 
q' o . 196'JO 

Total 1.00405 

-

The scores on p and q are calcu lared by 
using the formulae 

CPP = 'LJt - .-4 . (1 B11') 
i = 1 11' Bp 

cpq = L.jt - . --I • (1 B11') 
i = \ 11' Bq 

where j i is the observed frequency of the 
ith phenotype (i = 1.4) . The scores are cal­
culated in the four populations and are 
given in Table 4. 

To provide the necessary corrections we 
need t he information matrix and its inverse. 
The elements of t he information matrix are 
calculated in all four populations with the 
help of data from Table 3, and given in 
Table 5. The elements of the information 
matrix are given by the formulae 

] = '" ~ (B11'. )2 
pp ~ 11' Bp 

] = L B11' (!. B11') 
I'Q Bp 11' Bq 

The inverses of the information matrices 
are obtained by the Dolittle technic, and the 
elements are given in Table 6. 

The necessary corrections for p and q can be 
calculated by using the following formulae 

---
Type of population 

Konlcpromatous Normal South Indian 

0.6 11 89 0.62575 0.63246 
0 . 16675 0 . 16513 0 . 15.147 
0 .2 1961 0.20473 0 .2 1897 

O. !)9825 0 .!)9561 J .002!)() 

These corrections are ei ther added or su b­
tracted, whichever is t he case, accordingly, 
from the rough esitmates to obtain a better 
estimate of t he gene frequency. With these 
improved estimates the whole process is 
repeated until the corrections beconie negli­
gible. In this particular problem two more 
iterations lead to negligible corrections. 
These iterations have been carried out and 
t he final corrected estimates of the gene 
frequencies in t he di fferent populations are 
given in Table 7. 

The elements of the inverse of the informa­
tion matrices with t hese improved estimates 
a re given in Table 8. 

The varian ces of these esti mated gene 
frequencies can be obtai ned from Table 8 
and are given by the following formul ae 

v (,,) ]pp 

N 

v (") 
] "q 

N 

V C.) 
[ 1>1' + 211"t + l 't't 

N 

Variances of t he estimated gene fre-
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TABLE 3. Calculations necesSa7·Y for e.{f/Cienl scores. 

Coefficients fOI" scores 

Population Pheno- Probability 

I 
type ( "IT" ) ~.". I Orr o "IT" 

- -. - -
op "IT" op Ilq 

Lepromatous 0 0.43350 - 1.31682 -3.03765 -3.31682 
A 0 .21879 1. 3 1682 6.01865 -0.298-18 
B 0.29720 -039280 - J .32167 1 .3 1682 
AB 0.05862 0.39280 6.70078 0 .298-18 

N on lepromatous 0 0.37441 -1.22378 -:3.26856 - 1 .22378 
A 0 .23187 1 .22378 5.27787 -0.33350 
B 0 .31698 - 0.-13922 -1.38564 1.22387 
AB O.073U 0.43922 5.99700 0.33350 

Norma 0 0 .39 156 -1.25150 -3. 19619 - 1.25150 
A 0 .23393 1 .25150 5.3-1989 -0.33026 
B 0.29813 -0.40946 -1.373-13 1 .25150 
AB 0 .06761 0.409-16 6.05620 0.33026 

South Indian 0 0. 40000 -1.26492 -3. 162:~0 - 1.26492 
A 0.21-154 1.26492 5.89596 -0.:30294 
B 0.32493 -0. -13794 - 1 .3-1780 1.26492 
AB 0.06633 0.4379-1 6.60244 0.30294 

I 

• 

ObEel"ycd 

I frequeney I Orr - . - (f ) 
"IT" Ilq 

-:3.03765 ;339 
-1.:36-123 166 

-1.43075 227 
5. 09178 50 

-:3. 26856 158 
- 1.-13R31 !J9 

:3. 86075 1:35 
-1 .55352 :30 

- :3 . U.JGI9 47:1 
- I -11179 2!Jl 

-1 . 1!J78:3 :369 
-1.88-178 75 

- :3. 16230 28 ,0-10 
- -1 . -1120-1 1-1,721 

3.89290 22,43? 
-1.56716 -1,007 
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quencies in the differen t populations a re 
calcul ated by using th e above formulae, and 
g iven in T a ble 9 . 

gene frequenci es differ from population to 
population. This is done by app lication of 
th e I - test. T es ts of significance show that: 

TESTS OF SIGNIFICANCE 

After esti mati ng the gene fr equ encies and 
t heir variances , th e nex t s tep is to see if th t 

1. The frequ encies of the genes contro l­
ling the inheritance o f blood groups do not 
differ in sampl es o f th e genera l population 
grouped in th e In stitute and the SOllth 

TA 111.1'; -I . t,:(fi cie ll l scores in dlj!erPllt pop II /at i011 8. 

Tqw of populnl ion 

S('()rp~ I ,pproma l ous '> onlcpromatous '>ormlll Soulh Ilidi an 

-1.:3:3752 - 1.07-175 - 7.56055 287 . -11000 
-1. 14:372 - 1.01 8:32 - 7 .27079 279 .95-108 

TAB L~~ 5. Elemenls of the information matrix in d~[Jerenl populat ions. 

Trpe of popul Lt ion ~ . 

Elements of information 
matri x Lepromatous N on lepromatous Norma l South India n 

[ PI' 15.07674. .1 3.70155 + 13.73756 14 ,93970 
r 1'0 2 .46324 2.54411 2 .51445 2 .50922 

JO" 
1 1.76153 1.0 .72298 11 .333 1.2 10 .43266 

TABLE 6. Elemenls of inverse malrices in different populations 

T ype of population 

E lements Lepromatous Non lepromatous Normal South India n 

TvI' 0 .06868 0 .07635 0 .07587 0.06975 
[ P O - 0 .01438 - 0.018 11 - 0 .01683 - 0 .01678 

rO " 
0 .08804 0 .09756 0 .09197 0.09489 

T .A BU~ 7. Corrected estimates 0/ gene frequencies 'in d~[Jerenl populations. 

T ,vpe of population 

Gene frequen(' ics Lepromatous Non lepromatous ~ol'lna l Sout h Indi a n 

I' 0.65506 0.61344 0 .62936 0.63009 
p 0 . 14894 0 . 16692 0 . 16546 0.15125 
q 0.H)600 0 .21 964 0 .2051 8 0 .21866 

T ot:11 1.00000 1 .00000 1 .00000 1. 00000 
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T A" I. " 1< . "; /r' III PIl/S nf illl 'P)" .• P ma/rifes i,l dlJTPrellt poplliations from improved estimate". 

T ype of pop'hat ion 

E lemellt.s I,ppromatolls :'l" on lepromatous Normal South Indian 

I"" 
I p ' l 

I "" 

-----

0.06880 
- 0 .01,1,1 ·1 

O.088 !!) 

0 .07629 
- 0.01808' 

0.09748 

0 .07572 0 .06976 
- 0 .0 1G76 -O . O16:~:l 

0 .09180 0.0970 

T.~B I, E n. I ' a)"iances i '/ es/ imated gene Jrel/llencies in differe"ll populatio1l s. 

Ty pp of popilial ion 

VariallcPs Lepromatous I l\onlepromatous Normal South Indian 

V(,, ) 0 .000088 
V(o) () .000113 
V( , ) 0 .000164 
--- - -

Indian population grouped by the King 
Institute of Preventive Medicine in Guindy, 
Madras. 

2. Gene frequen cies do not differ in the 
lepromatou s population from gene fre ­
quencies in the normal and the South In dian 
populations. 

3. No differences in gene frequencies are 
found when comparisons are made between 
the nonlepromatous population and th e 
normal and South Indian populations. 

-:1:. No differences in the gene frequencies 
are found when comparisons are made be­
tween the lepromatous a nd nonlepromatou s 
popu lation s. 

SUMMARY 

On the basis o f data now available with 
respect to ABO blood groups no significant 
difference is observed in the frequenci'es of 
the genes controlling the inheritance of t he 
blood groups in the four types of popula­
tions considered in this study. The poss i­
bility, however, of revealing a relationship, 
if and when full blood grouping is carried 
out in families vis-a-vis other systems than 
ABO cannot be ruled out. 

-------

0 .0001 I 0 .000063 o .00000l 
o .00023l 0 .000076 0.000001 
0 .000326 0 .000111 0 .000002 

RESUMEN 

Sobre base de los datos disponibles con 
relaci6n a los grupos sanguineos ABO, no se 
observa diferencia signiRcativa de los genes 
que con trolan la herencia de los grupos 
sanguineos, en los cuatro gmpos de poblaci6n 
considerados en este estudio. Sin embargo, 
no debe descartarse la posibilidad de descubrir 
alguna relaci6n siempre y cuando, se realize 
una tipificaci6n compJeta de grupos sanguineos 
en famili as con respecto a sistemas distintos 
al ABO. 

Rf:SUMf: 

Sur la base des donnees se rapportant aux 
groupes sanguins ABO et qui sont actuelle­
ment disponibles, on n'observe pas de diller­
ence significative dans la frequence des gimes 
qui controlen t la transmission Ml'editail'e des 
gl'oupes sanguins, dans les quatre types de 
populations qui ont ete etudies. On ne peut 
toutefois exclure la possibilite d'une relation, 
qui pourrait etre revele.e par une etude 
eventueJle menee dans des families et englo­
bant une determination complete des systemes 
de groupes s~nguins autres que ABO. 
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