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Few studies of genetically determin ed 
traits, other than erythrocyte antigens, or 
phenylthiocarbamide taste ability (1 , ~, .1,­

r" IO), have been conducted in leprosy, 
Therefore, as part of an investiga tion of 
genetic polymorphism and leprosy con­
ducted under the auspices of the Leonard 
Wood Memorial, five genetic markers were 
studied in leprosy patients and controls 
from Cebu, Philippines. Included were the 
enzyme glucose-6-phosphate dehydro­
genase ( G6PD ) and four serum proteins, 
viz. , haptoglobins, transferrins, group­
specific components (Gc ), and the (3-
lipoprotein ( Ag"). 

Haptoglobin is a protein component of 
-::he serum that has the capaci ty to bind 
hemoglobin. In hemolytic diseases, the he­
moglobin from destroyed cells is removed 
from circulation as a haptoglobin­
hemoglobin complex, In such states the 
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haptoglobin content of seru m is greatly 
reduced_ Genetic varian ts of tills protein 
exist and can be detected by differential 
patterns of electrophoretic mobility. The 
common genetic types of molecules are 
designated as Hp 1 and Hp 2. A person 
homozygous for Hp 1 is called Hp 1:1; one 
homozygous for Hp 2 is Hp 2:2. The 
heterozygote is designated Hp 2: 1. Trans­
ferrin is an iron-binding protein constit­
uent of the serum which also exhibits 
genetic polymorphism. The most frequent 
type of transferrin is designated Tfc. Vari­
ants are very infrequent and . those that 
migrate faster than Tfc in starch-gel elec­
trophoresis are called Tfb; those slower are 
Tfd. There are subgroups oJ Tfb and Tfd, 
all based on relative mobility. The group 
specific component (Gc) is an alpha mac­
roglobulin whose structure and function 
have not been detennined. It exhibits gen-
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etic polymorphism that ca n also be typed 
b y electrophoresis. The Bcta lipoproteins 
represent one of tl.1e most complex groups 
of the human serum proteins. At leas t two 
or three independent loci are involved in 
determining separate lipoprotein systems 
(Ag, Lp, and others). These appear to he 
definite polymorphisms, the varying types 
of which are identified through electro­
phore tic technics, primarily electrophores is. 
Frequency variations in different geograph­
ic areas and populations suggest the like­
Iihoo'd of association with difFerential dis­
ease susceptibili ty. 

It is well recognized that inherited defici ­
ency of G6PD, an x- linked trait, may lead 
to severe hemolytic anemia after ingestion 
of fava beans or any of a number of drugs 
such as primaquine ( an antimalarial drug) , 
naphthalene, furodantin and sulfonamides. 
Of interes t is the sugges tion of Pe ttit and 
Chin ( 12) that deficiency of G6PD might 
predispose to lepra reaction in sulfone­
treated leprosy patients , a lthough Beiguel­
man et aZ. (~) found no evidence of such a 
relationship. Since this enzyme deficiency 
varies considerably in different populations 
and has been reported in 12.7 per cent of 
Filipino cannery workers in Alaska ( II ), it 
seemed useful to examine the trait in the 
Cebu study. 

The genetic types of haptoglobins, iden­
tified hy starch gel electrophores is , are de­
termined by an autosomal multiple allelic 
series, with the proportions of the three 
principal phenotypes, 1:1, 2:1, and 2:2, 
differing in various human populations. In 
investigations carried out by Schwantes et 
aZ. ( I") in Brazil, and Povey and Horton 
( H) in India, no differences in hapto­
globin distribution were found among pa­
tients with different types of leprosy, or 
between patients and the general popula­
tion, but this seemed worthy of reexamina­
tion . 

Like the haptoglobins, the phenotypes of 
t"ansferrins are also determined by auto­
somal allelic genes, but unlike the hap to­
globins, homozygosity for one type, C, is 
the most common in all populations. Vari­
ants with other mobility ( Bo, Dl, etc.) 
have been found in relatively high frequen­
cy in some populations, particularly in non-

Callcas ians. Since Il'prosy is prevalent in 
non-Caucasians, it appeared desirable to 
study the frequency of transferrins in our 
study population . 

Gc types, also determilled by autosomal 
alleles, were first described by Hirschfeld 
("), when he modified an earlier immuno­
electrophoretic technic. Most of the popula­
tions studied since then show three main 
phenotypcs, viz. , Gc 1:1. Gc 2:2, and Gc 
2: 1, with a few rare variants , e.g. , Gc 
Aborigene found in New Guinea and Gc 
Chippewa in American Indians . Therefore 
this genetic polymorphism was investi ­
gated. Inherited antigenic specificities of 
the serum beta-lipoproteins ( the Ag sys­
tem ) have been detected by the use of 
antisera that develop in transfused patients 
(:\) . The specificities are detec ted by pre­
cipitin reactions in agar gel douhle dif­
fusion experiments (Ii) . Many specificities 
have now heen detected. In this study th e 
original antiseru m used in the lipoprotein 
stud ies was used ( c. de 13 . ) ; this has now 
been shown to ("ontain at least three differ­
ent spec ificiti es ( " ). 

MATERIALS AND METHODS 

Sampling, specimen collection and han­
dling. The study sample consisted of 5.57 
leprosy patients and 434 control subjec ts . 
Among the leprosy patients , 256 were le­
promatous (46.0%), 224 were tuberculoid 
( 40.2%), and 77 showed other forms of the 
disease or were unclassified (13.8%). In­
formation on the presence or absence of 
lepra reaction over the four years prior to 
the study, was available on 229 leproma­
tOllS cases; 144 ( 62.9%) had a record of 
lepra reaction. The distribution of the total 
sample b y age, sex, and birthplace is given 
in Table 1. 

Specimens of blood were drawn from 
patients at the Eversley Childs Sanitarium 
in Mandawe ( near Cebu City) , the Cebu 
Traveling Skin Clinics, and the Leonard 
Wood Memorial Epidemiologi c Unit in 
Cebu City. The control specimens werc 
obtained on a voluntary hasis from medical 
students at the Cebu Institute of Technol­
ogy ( 134 specimens, or .30.9% of the control 
specimens ), and in a sequ ential manner 
from patients cons\l!ting at the Cebu Skin 
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Dispensary for dermatologic conditions 
other than leprosy (69.1% of the control 
specimens ). Because of insufficient quan­
tity of serum in some specimens, 1 per cent 
of the sample was not typed for hapto­
globins, 1.6 per cent for Gc, 5.6 per cent for 
transferrins, and 4.6 per cent for the Ag 
system. It ,~hould also be noted that since 
G6PD is sex- linked, only males were 
studied for this marker, viz., 223 cases and 
269 controls. These were similar in age and 
birthplace distribution to the total sample. 
The sampling methods, diagnostic criteria 
and technics of blood collection and ship­
ment have been described in more de ta il in 
a previous paper ( Ill ). 

Laboratory technics. Standard laboratory 
procedures were used for analysis of 
phenotypes. Deficiency of G6PD was de­
termined in Cebu on freshly drawn sam­
ples. The spot tes t method described by 
Fairbanks and Beutler ( .. ) was used. 

Typing for serum proteins was carried 
out over a period ranging from one to two 
years after blood collection, during which 
time the serum was kept frozen at - 20·C. 
For the haptoglobin and Gc determinations 
the vertical starch gel electrophoresis meth­
od of Smithies ( IU ) was used. For the 
transferrins the starch gel system of Smith­
ies (](') and Poulik's discontirluous buffer 
( ' 3) were employed . A micro-Ouchterlony 
technic was used for the lipoprotein (Ag) 
specifities (6). 

To avoid observer bias, the specimens 
were labeled with code numbers. The labo­
ratory technicians, therefore, had no way of 
distinguishing th e code numbers of cases 
from those of the controls. 

Data processing and analysis. Epide­
miologic and clincial information, as well as 
laboratory results, were coded for computer 
process ing. Phenotypic differences were ex­
amined for possible association with lepro­
sy, type of leprosy, lepra reaction, and their 
possible relationships to age, sex, duration 
of disease, and province of origin. Two tests 
of statistical significance were performed, 
viz., the chi-square tes t on the distribution 
of phenotypes and the Z tes t on differences 
in the proportions of the phenotypes. Be­
cause of the small sample size, a number of 
the statistical comparisons could not be 



TABLE 2. Phenotypic distribution of haptoglobins, Gc, transferrins, and f3-lipoproleins Ag (a + ), according to disease status, type of leprosy, 
.. lepra reaction, and sex. 

Haptogloblins ____ ~. .I_~rran~ferrin~ __ 1 ___ .-\g (a ~~_ 
I I I 

No. :\0. :\0. I I :\0. 
tested 1:1 2:1 2:2 tested 1:1 2:1 I 2:2 (e"ted CC Others tested I ?\eg. ! Pos. 

--------------~----- I------I------I----- i----.- . 1----

Males 275 0.153 0.451 0 .396 277 0.1 88 0.704 0 . 108 1 272 0.978 11 0 .022 272 1 0.055 0.945 
Controls Females 155 0.116 0.484 0.400 157 0.217 0 .650 0.134 153 0 .987 0.013 154 0.091 0.909 

Total 430 0.140 0.463 0 .398 434 0.198 0.684 0.118 425 1 0 .981 I 0 .019 I 426 I 0.068 0 .932 

Males 338 0.281 0 .411 0.308 337 0.185 0 .721 0.095 316 0.981 0.019 316 1 0 .060 0.940 
Cases Females 214 0 .294 0 .383 0.322 214 0.164 0.715 0.121 194 0.985 0.015 1 193 0.073 0 .927 

Total 552 0.286 0.400 0.313 551 0.176 0 .719 0 . 105 510 I 0.982 0 .018 I 509 0 .065 0.935 

Lepromatous cases 253 0.2770.427 0 .296 252 0 .1670 .7180.115 233 0.9830 .017 232 0 .0860 .914 

Tuberculoid cases 222 0.261 0.392 0.347 222 0.176. 0.739 0.086 208 ' 0.981 1 0 .019 208 0.048 0 .952 

Lepromatous with I I 
lepra reaction 143 0.2870.4270.287 142 0.1550.7250 . 120 132 0.9850 .015 131 0 .0610 .939 

I --
Lepromatous without I I I ! I 

lepra reaction 83 0 .277 0.422 0.301 83 0 . 181 0 .711 0.108 79 1 0.975 0.025 1 79 1 0 . 101 0. 899 

---- - ----------------- - - - -

>-
0;) 
~ 

~ 
5} 
;: 
~ 

"" o· 
~ 
..... 
c 
E 
;:Z 
;::, .... 
c -., 

l"" 

~ 
c) 

"" t.;:: 

f­
(0 

gs 



36, 2 Lechat et aT.: Study of PoTymorpl,;sms in SeJ'1.I11l. Globulin 

performod, and, unless the probability of 
occurrence was 0.05 or less, differenecs 
we're disregarded. 

RESULTS .-.. 

The phenotypic distributions of G6PD ~ 
deficiency, and hap toglobin, transferrin , Gc ~ 
and Ag types, are presented by disease a 
status, type of leprosy, history of lepra ~ 
reaction , and sex in Table 2, by age in 
Table 3, and by duration of disease in ~ 
Table 4. Gene frequencies of cases and g 

f :::" 
controls are given in Table 5. The requen- <::) 

cy of G6PD defici ency in cases and controls "!' 

by age is presented in Table 6. ..§ 
Glucose-6-phosphate dehydrogenase. No ! 

significant differences in the frequency of 
G6PD deficiency were found to be asso­
ciated with leprosy, even when type of ] 
leprosy and presence or absence of lepra :::" 
reaction were considered. ;3 

Haptoglobins. Among the cases, neither is.. 
~ type of leprosy nor lepra reaction was de- '0' 

tectably associated with variations in the '" 
distribution of haptoglobin phenotypes, al- ]; 
though subclassification by age did reveal C/J­

Some deviations. In pooled cases, the pro- ;:5 
~ portion of H p 2: 1 heterozygotes was signifi- C/J 

cantly lower in patients below 40 years of ~ 
c::l age than in older patients (P < 0.01 ) (Ta- ~ 

ble 3 ). i; 
When case-control comparisons were ex- .s 

. amined, an excess of Hp 1: 1 homozygotes .~ 
was observed in all the patient groups, i.e., ~ 
total cases, lepromatous cases, tuberculoid i:l 
cases, patients with lepra reaction, and c::l 

patients without reaction. This excess was .§ 
significant at the 0.01 probability level (Ta- ~ 
ble 2 ). Moreover, total cases and leproma- :;;; 
tous cases had a corresponding deficit of ~ 
Hp 2:2 homozygotes when compared with .:.! 
controls. ]; 

Comparisons repeated between groups ~ 
matched for age ( under 40 and 40 or over ) """ 
showed that in each age group total cases, ~ 
as well as tuberculoid and lepromatous 
cases considered separately, had a signifi- ~ 
cantly higher proportion of Hp 1: 1 than ~ 
controls (Table 3). A corresponding deficit E-< 
in the proportion of Hp 2:2 homozygotes 
was found among the lepromatous cases in 
each age group and among the total cases 
of the younger age group. Also, in this 

---. 
+ 
..:!. 
(1) 

--r: 

-

·r. 
c 
,... 
~ ,. 
C 

~ ,..... 

<.> 
0 

--

'n 
c 

:E 
0 

bl) 
0 
~ 

0. 
oj 

p:; 

I No> -1' 00 
' 1. .,;; 0> -1' -
0 
~ 

0> 00 0> 0> 

00 00 

oil 00 - eD C'l 
11;>0 1<';> 00 

~ 0- 00 
~ 00 00 

I ~ . ~ 1'- 0> 
00 _ 

o ~ C'lo> ev:> 1'-
~r; f ev:> ev:> _ 

I :,. 1<';> ~~ ill c-. 
-= 00 00 
~ 

0 00 00 

11';)0 C'l N 
C) r- 0 00 00 
U 0> 0 0> 0> 

0- 00 

~ 

1

02 
eD 0> 0> -C'lo> ev:> 1'-Z3 ev:> ev:> _ 

I C'l0 11';) 1-

I N ev:> t- oo 
-0 --I "1 00 00 

I - b~ ";;00 
NO t- _ 

N 
1'- r-

00 00 

NO NI1';) - eD C'l t- 00 .. _ev:> --- 00 00 
I 

~ 
• Q) 

~8 ev:>oo 0..., ....... t-
~ ~ .,;;- "" ,....; ..., 

0> 0> eD N 
N 00 C'l ~~ ev:>.,;; 
N 

00 00 

.,;; 0> ";;0 - eD 11';) <000 

.,;; .,;; ev:> .,;; 
N 

00> 00 

ooN Or-- .,;;- _ev:> .. -- ev:> N ...... 
00 00 

~ 

02 NOO .... r-

IZ$ ev:> 0> t- 1'-
ev:> ev:> _ 

11)"" 00 00 
-I) rn .,;; .... ........ 
~~ V A/ V A/ 

rn 
"0 .... rn ..., 

~ c rn 

8 t3 

183 

No> 00> 
C'l o> 1- -0> 00 0> 0> 

00 00 
00 _ 

0-
1-0 ev:>oo 
0- 00 

00 00 

ev:> 0> ;;.,;; 
I.e";) l - ev:> 1'-- -
ev:> 11';) N";; 
-C'l C'l .... 
00 00 

00 00 

1'- 11';) ooeD 
00 r- 1'- 00 
0> 0> 0> 0> 

00 00 

";;0> .,;;.,;; 
11';) r- ev:> r-- -
00 0 C'l ev:> -- 00 0> - ...... 00 

00 00 

0>11';) 
No> ~~ 
t- eD t- 1'-

00 00 

ev:> 11';) o t-
11';) 0> 1'- 00 -- - ...... 
00 00 

ON t- 11';) 
1- 00 .,;;r-.... ..... 

OOev:> r- r-
0> 0> eDO 
NN ev:> ev:> 

00 00 

00 00 .... r-
0> 00 11';) eD 
ev:>.,;; ev:> .... 

00 00 

~~ o>r-

~~ ev:> N 

00 00 

_N r- 11';) 
1- 00 .... r-...... -
00 .,;;.,;; ~~ 
V A/ V A/ 

rn 
;::l ~ .s '0 
oj -; 
8 <.> 
0 .... ... .8 0. 

~ 
;::l 

E-< 



TABLE -1. l~henotypic distribution according to the type of leprosy, age, and duration of disease since reported onsel, 3 years or less and 10 
years and over . 

Cases 

Dura­
tion 

(r rs.) 

:::: 3 

~ IO 

Age 1 :\To. 
(yrs.) tested 

< 40 6R 
~ 40 38 

----- -
Total 106 

< 40 109 
~ 40 7-1 

Haptoglobini' I Cc Tran"ferrin" .-\g (a + ) 

1 ~o~-I ---'----I NO~----, --, ~o. ·--i --. 

I: I 2: I 2:2 1 te;;ted I I: I 2: I I 2:2 ~p:3 ted I_~ Other,; , t e'; l ecl ~'i eg . 1_ . __ 

0.324 0.294 0 .382
1

' 67 0 . 164 0 .776 0.060 59 0 .983 / 0 .017 59 1 0 .085 t 0 .9 15 

Po,;. 

o . 132 0 .553 0 . 31 6 38 0 . 184 0 658 0 . 158 36 I .000 I 0 .0 36 0 .083 I 0.917 

0 .255 0 .387 0 358 1 105-~- 0 . i 33 0 .095 95 0. 98;-' 0.011 95 I 0 .08-1 : 0.916 

0.257 0.446 I 0 .:297 74 0 .230 0 .i03 0 .068 73 0 .986 0 .01-1 
98 
73 

0 .05 1 
0 .068 

0 .9-19 
0 .23:2 

o 284 0.376 0 339 1' 108 0.250 0.630 ·· 0 . 120 99 O~!J90 0.010 

-----1--1 Total 1 183 1~273 ~40-1 io-322 1_1~1 0..:.242 i 0.659 0 .090 1 172_ ~988 ~012 _~~ 0.058 0 .9-12 

o . 304 0 .39 1 t o. 304 1 23 0 . 130 1 0 .826 0 .043 1 :20 I .000 0 .0 :20 t o. 150 I 0 .8:::0 
0 .0 0.429 0 .571 7 0.0 0 .857 0 . 143 1 6 1.000 0.0 6 0 .0 1 .0ao 
-----,------ 1----

1

' --, -

0.233 0.400 0.367 30 0.100 0 .833 0 .067 26 1.000 0.0 26 0.1l5 I 0.885 

~ I~I < 40-1~-1 0.318 0.348 0 .333 65 10.215 0.661 0 .123 59 1 0.983 0 .017 
~ 40 51 0.294 0.490 0 .216 51 0 .235 0 .667 0.098 I 50 0.980 0 .020 

Lepromatous :::: 3 < 40 23 
~40 7 

------ -
Total 30 

~8 0 .069 1 O. 9~ I 
.)0 1 0 .080 0.9,,0 

, ______ : Tota~I_ 1 17 10.;)81 O. 4lO i O. 282 !_~I 0 .224· 1 0 .655 1 O. 121 1 -~I 0 .982 1- 0- .-0-18- ;--.1-0-8- 0.07-1 1 0 .926 

27 I 0.963 0 .037 27 0 .037 1 0.963 Tuberculoid :::: 3 

~ IO 

<40 33 
~40 25 

Total 1 58 

0 .273 1 0.303 1 0 .424 
o . 160 0 . 560 0 . 280 

0 .224 1 0.414 1 0.362 

< 40 
~ 40 

28 I 0. 214 1 0.464 1 0.321 
20 0 . 150 0 .500 0.350 

Total 48 1 0.187 1 0.417 1 0.396 

32 
25 

57 

0.125 1 0 .781 1 0 .094 
0 . 160 0 .680 0 . 160 

0 .140 0.737 0 . 123 

28 I 0.286 1 0 .607 I O. 107 
20 0.250 0 .750 0 .0 

48 1 O. 270 I 0 .667 I 0 .063 

24 1.000 0 .0 24 0.125 0.875 

51 0 .980 0.020 

27 I 1 .000 1 0 .0 
20 1 .000 0 .0 

1--
51 0 .078 0.922 

27 I 0 .0 1 1 .000 
20 I 0 .050 0 . 950 

47 1 1 .000 1 0 .0 -17 I 0.021 1 0.979 
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younger group, a deficit of heterozygotes 
appeared in total cases as well as leproma­
tous and tuberculoid cases. 

The sugges ted excess of heterozygotes 
among older cases as compared with young­
er cases, in the absence of such a devia­
tion among the controls, is, however, puz­
zling and raises the ques tions ( 1 ) whether 
the haptoglobin 2: 1 phenotype may yield a 
selective advantage in leprosy and thus 
preferentia.1 survival , (2) whether hapto­
globin heterozygotes may be susceptible to 
a more persistent type of disease and have 
a lower recovery rate ( longer duration ), or 
(3) whether this observed difference is 
merely a sampling artifact. The resolution 
of this problem requires a longitudinal 
study of leprosy patien ts blood-grouped 
and diagnosed at onset. 

As might be expected from the compari­
sons involving phenntypes, gene frequen­
cies revealed a considerable excess of the 
Hp 1 gene (and a corresponding deficit of 
the Hp 2 gene) III the total cases of both 
younger and older groups in comparisons 
with controls of the corresponding age 
groups (Table 5). The differences between 
the lepromatous cases and the controls 
were statistically significant, although the 
differences for the tuberculoid cases com­
pared with controls were of borderline sig­
nificance and were res tricted to the older 
age group ( the frequencies of the Hp 1 
gene being respectively 0.335 and 0.460 in 
the controls and in the tuberculoid cases 
aged 40 and over). 

Transferrins. No differences were ob­
served bet'vveen leprosy cases and controls 
in the freauencies of the phenotype Tfcc. 
The low frequency of other phenotypes 
precluded statistical analysis by the various 
parameters used in the haptoglobin analy­
sis. 

Group.specific components. Since the Gc 
component is readily degraded by contami­
nants in handling, specimens processed in 
several different laboratories, shipped and 
sto"ed for long periods of time, may give 
amhiguous results. Therefore, the observa­
t ions of this study are presented with the 
understanding that caution must be used 
in interpreting them. 

With all ages pooled, no differences were 
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found between total cases and controls. 
Y ct, when compared with controls of corre­
sponding age group, .lepromatous cases, 40 
years old and over, showed a deficiency in 
the frequency of homozygotes (Z= 1.95 ). 
It is possible, however, that this deviation 
derives from the significantly higher pro­
portion of Cel :t homozygotes in controls 
aged 40 or over compared to younger con­
trols (P < 0.01 ), whereas no such differ­
ences were observed within the group of 
total c~ses or within the respective case 
groups of different disease type (Table 4). 

In addition to the age-associated hetero­
geneity of the controls with respect to 
observed Cc type, differences in this mark­
er trait appeared to be associated with 
birthplace : patients born in Vi zayas Islands 
showed an excess of Cc~ : 1 heterozygotes as 
compared with patients born in Mindanao. 
Thus, in view of these internal discrepan­
cies, no real conclusions may be drawn 
conceming any relationship of Cc com­
ponents with leprosy. 

Lipoproteins. Because of the low fre­
quency of the Ag (a-), statistical analysis 
of lipoprotein associations was limited. No 
differences were detectable. 

DISCUSSION 

In any epidemiologic study, the sign ifi­
cance of the findings must be evaluated in 
terms of the reliability of control selection , 
i.e., their representativeness and lack of 
bias. Two sources of controls were used in 
this inves tigation, viz., medical students 
and patients consulting at the dispensary 
for skin diseases other than leprosy. These 
two groups showed no differences in the 
distribution of the haptoglobin phenotypes, 
when, singly or together, they were tes ted 
against expected phenotypic frequencies 
based on the assumption of the Hardy­
Weinberg equilibrium (x~ for d ermatologic 
patients = 0.14, for medical students 0.54, 
and for total controls 0.02 ). Thus internal 
heterogeneity of the sample cannot account 
for the observed haptoglobin differences, 
i.e., the excess of Hp 1: 1 phenotype and 
Hp 1 gene, evelJ more marked in leproma­
tous leprosy than in tuberculoid. That the 
association seems to stem from an excess of 
either Hp 1:1 homozygotes or the Hp 1 

~ 
1\1 

~ 
V 

...-
.:: 
Q; It:> ~ 0.....-

~] c-i"': ,,~"': I I 
OJ 

-0 

- --:---

I I 

1968 



36, 2 Lec7wt et al .: Study of PolylltOlphisms in Sent/It Globlllin 187 

gene, rather than a defi cit of Hp 2:2 ho­
mozygotes or Hp 2 allele. is incli ated hy 
analysis of the' distrihlltion of con tro ls, le ­
promatous patients, and tuberculoid pa­
tients amon g the various phenotypes. This 
analysis reveals significant differences in 
the frequency of the Hp 1:1 homozygotes, 
both under 40 years (x~ = 15.75; P < 0.01 ) 
and over 40 years (x~ = 12.49; P < 0.01 ), 
but no such deviations are noted for the Hp 
2: 2 homozygotes and the Hp 2: 1 heterozy­
gotes. 

Confirmation of these observa tions is 
necessary, since with so many comparisons 
a certain number would be expected to 
reach levels of "statistical significances" by 
chance. 

None of the other genetic markers inves­
tiga ted yielded significant differences, ex­
cept the Gc deviations, which must be 
considered open to ques tion. In addition to 
the statistically discernible age-associated 
Gc heterogeneity within the control series 
and birthplace-associated Gc heterogeneity 
within the case series, comparison of the 
phenotypic distribution of group-specific 
components revealed considerable devia­
tion from Hardy-W einberg expectancies 
(x~ = 47.60, P < 0.01, and 15.99, P < 0.01 
respectively) . 

In view of the consis tencies of the con­
trol series with Hardy-Weinberg expectan­
cies in haptoglobin frequencies and the 
lack of evidence for bias in the control or 
case samples with respect to other serum 
protein or erythrocyte antigen phenotypes 
(10), it is probable that the Gc discrepan­
cies do not actuaHy derive from sampling 
or epidemiologic problems, but rather from 
a technical problem in that the laboratory 
procedmes presently used for Gc determi­
nations are probably unsatisfactory on non­
sterile samples. 

Therefore, while it is desirable for the 
other findings (G6PD, haptoglobins, tran.s­
ferrins, etc. ) to be confirmed in a prospec­
tive investigation, as well as in other cross­
sectional studies, before they are accepted 
as conclusive, it is clearly necessary that the 
observations with regard to Gc be re­
studied in a situation where fresh blood 
specimens can be examined. 

SUMMARY 

.-\S a pa rt of a study of gcnetic polymor­
jJhism and leprosy, condu cted under the 
auspices of the Leonard 'Wood Memorial, 
fi ve genetic markers were investiga ted in 
leprosy patients and controls from Cebu , 
Philippines. 

The sample consisted of 557 patients, 
among whom 256 were affected with lepro­
matous leprosy, 224 with tuberculoidlepro­
sy, and 77 with other types of the disease or 
unclassified disease. There were 4.'34 con­
trols without manifes ta tions of leprosy, 
comprised of medical students and patients 
attending the Cebu Skin Clinics for cutane­
ous diseases other than leprosy. The mark­
ers inves tigated were haptoglobins, trans­
fe rrins, Ag, Gc, and G6PD. This las t mark­
er, which is sex-linked, was studied only in 
males. The phenotypic distributions were 
analyzed in rela tion to leprosy, type of 
leprosy, and the acute episode of leproma­
tous leprosy known as lepra reaction. Age, 
sex, duration of disease, and province of 
birth in the Philippines, were also consid­
ereel Gene frequencies were derived. 

An association between the haptoglobin 
polymorphism and leprosy is suggested by 
an excess of Hp 1:1 phenotypes and/ or the 
Hp 1 gene, observed particularly in lepro­
matous but also in tuberculoid or total cases 
when compared with controls. No differ­
ences, however, were observed for transfer­
rins, Ag, and G6PD. Because of technical 
problems, no conclusions can be drawn 
concerning Gc types. 

Other cross-sectional studies in areas 
where leprosy is highly prevalent are rec­
ommended. 

RESUMEN 

Como parte de un estudio sobre polimorfis­
mo genetico y lepra, llevado a cabo bajo el 
auspicio de Leonard Wood Memorial, cinco 
marcadores genetjcos fUel'on investigados en 
enfermos de lepra y con troles en Cebu, Fili­
pinas. 

La muestra consistio de 557 enfermos, entre 
los cuales 256 estaban afectados con lepra 
lepromatosa, 224 con lepra tuberculoide, y 77 
con ot ro tipo de enfermedad 0 enfennedad no 
c1asificada. Hubo 434 con troles sin manifesta-
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cioncs dc lepra, constituidus por cs tudiant cs 
d medicina y los enfermos que concllrren a la 
Clinica Dcrmatol6gica .de Ccbtl para cnfer1l1c­
dades cut{meas diferentes de lepra. Los marca­
clores investigados fueron haptoglobinas, trans­
ferinas, Ag, Cc, y C6PD. Este {dtimo marcaclor, 
el cual es relncionado con el sexo, se es tudi(S 
solarnen te en hombres. La distribucion de los 
fenotipos se analiza en relaci6n con lepra , tipo 
de lepra , y episodios agudos de lepra lepro­
malosa conocida como reaccian lepra tica . 
Edad , sexo, duraci()n de la enfermedad , y pro­
vi ncia de nacimien to en Filipinas, fu eron fac­
tores que tam bien fueron considerados. La fre­
cuencia de los genes fue establecida. 

Una relacit'lIl entre polimornsmo de l1apto­
globina y lepra se maninesta por un exceso de 
Hp J : l fenotipo y/o el gene Hp 1, observado 
particularmente en fOl'mas lepromatosas pero 
tamhit n en tuberculoides 0 en el total de los 
casos cuando se compar6 con los con troles. No 
se observaron dife rencias, sin embargo, para 
transferinas, Ag, y C6PD. A causa de pro­
blemas tccnic:os, no se dedujeron conclllsiones 
relativas al tipo Cc. 

Otros estudios estratincados en (i reas donde 
In lepra es altamente prevalente se recomien­
dan. 

RESUME 
Dans Ie cad re d'une etude du polymor­

phisme genetique dans In lepre, menee sous les 
auspices du Leonard Wood Memorial , cinq in­
dicateurs genetiques ont ete etudies chez des 
malades de la lepre et chez des temoins, .\ 
Cebu, Philippines . 

L'echantillon etait constitue de 557 malades, 
parmi lesquels 256 etaient atteints de lepre 
lepromateuse, 224 de lepre tubercuhide, et 77 
prtsentaient d'autres types de lepre, au chez 
lesqllels Ie type clinique n'avait pas ete precise. 
L'echantillon temoin etait constitue par 434 
individus ne presentant pas de manifestations 
de lepre, et comprenait des etudiants en mede­
cine et des personnes frequentant Ie dispen­
saire de Cebu pour maladies cutanees (Cebu 
Skin Clinics) pour des allections derma to­
logiques autres que la lepre. Les indicateurs 
(,tudies etaient des suivan ts: haptoglobines, 
transferrines, Ag (a ), "group specinc compo­
nents" (Cc), glucose-6-phosphate deh ydro­
.!!enase. Ce dernier indicateur. qui es t lie au 
sexe, n'a ete etuclie que chez des sujets mascu­
Iin~. Les distributions phenotypiques ont ete 
etudiees en fonction de la lepre, du type de 
lepre et de la reaction h~preuse. D'autrl'S fa c­
teurs ont ete egalement consideres, it savoir, 
rage, Ie sexe, la duree de la maJadie, et la 

province d 'ori gine. Les frequences dcs diffe r­
cnts genes ont etc ca lculees. 

Un eXel's du phell otvpe Bp 1: J , ainsi que till 
gl'ne BpI , par rapport <lUX temoins, a ete con­
state surtout chez les lcpromateux, mais aussi 
chez les tllbercllhicles et dans l'ensemble des 
cas. Ceci sllggl're I' existence d'une association 
en tre Ie polymorphisme des haptoglobines et 
la lepre . Par contre, allcune difference n'a etc 
ohservee pour les transferrines, Ag (a) , et 
C6PD. Par suite de problemes techniques, au­
cune conclusion n'a pu {1tre tin~e concernant 
l'indicateur Cc. 

Des etudes complementaires de ce type 
(cross-sectional stlldies) ainsi que des etudes 
longitudinales, devraient etre menees dans des 
rC'gions O{I ]a pn"valence de Ia lepre es t elevee. 
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ApPENDIX 1. Comparisons made, with results of chi -square test. 

Groups compared 

Controls 
Controls 

Controls 
Controb 

Controls 
Lepromatous 
Tuberculoid" 
Lepra reaction 
Controls <40 ~' . 
Case::; < 40 y . 
Leprom. < 40 ~'. 
Tuberc. <40 ~' . 
Cases ~ 3 d. 
Ca;;es ~ 3 d. < 40 y. 
Cases ~ 3 d. ~ 40 y. 
Case,.; ~ 3 d. < 40 y. 

Cases ~ 10 d . < 40 y. 
Leprom. ~ 3 d. 
Leprom . ~ 3 d . < 40 ~'. 
Leprom . ~ 3 d. ~40 y. 
Leprom . ~ 3 d . < 40 y . 
Leprom. ~IO d. < 40 y. 
Tuberc. ~ 3 d. 
Tuberc. ~ 3 d. <40 y . 
Tuberc. ~ 3 d . ~40 y. 
'l'uberc. ~ 3 d. < 40 y. 
Tuigerc. ~1O d. <40 y. 
Controls, males 

Cases 
Lepromatous 

Tuberculoid::; 
Lepra reaction 

No lepra reaction 
Tuberculoids 
Lepra reaction 
No lepra reaction 
Controls ~40 y . 
Cases ~ 40 y . 
Leprom. ~40 y. 
Tuberc. ~40 y. 
Cases ~ 10 d . 
Cases ~ 1O d. <40 y. 
Cases ~ 1Od. ~ 40 y. 
Cases ~3 d . ~4O y. 

Cases ~ 10 d. >40 y. 
Leprom. ~ 10 d. 
Leprom. ~ 1O d. < 40 ~'. 
Leprom. ~ 1O d. ~ 40 y. 
Leprom . ~ 3 d . ~ 40 y. 
Leprom. ~ 10 d. ~ 40 y . 
Tuberc. ~ 10 d . 
Tuberc. ~ 10 d. <40 y. 
Tuberc. ~ 1O d. ~ 40 y. 
Tuberc. ~ 3 d . ~40 y. 
Tuberc. ~ 10 d. ~40 y. 
Controls, females 

Hp 

30 .75 
20.72 

14 .66 
17.07 

10 .08 

7 .03 

8 .04 

1m'. 
In v. 

1m'. 
(3 .89) 
loy. 

Chi square 

Gc 

n.p. 

13 .28 

(4.26) 
Inv. 
Inv. 

In v. 
Inv. 
Inv. 
Inv. 

Iny. 
Inv. 
Inv. 
Iny. 
Iny. 

Tf 

Iny. 

Iny. 
Iny. 

n.p. 
Inv. 
Inv. 
Inv. 
Iny. 
Inv. 
In v. 
Iny. 
In v. 
In v. 
Inv. 
III \' . 

1m'. 
lo y. 
Inv. 
Inv. 
Inv. 
Ill v. 
Iny. 
Inv. 
Inv. 
Inv. 
Iny. 
Inv. 

Ag(a+) 

n.p. 

In v. 

1m'. 
Ill v. 
Ill \,. 

In\,. 
Ill v. 
Inv. 
Inv. 
In\, . 
Iny. 
In\, . 
Iny. 
Inv. 
Iny . 
Illv. 

Observation:; 

Excess Hp 1: 1 in cases; excess H p 2: 2 in. controls 
Excess H p 1 : I in lepromatous; excess H p 2 : 2 in 

con trols 
Excess H p I : 1 in tuberculoids 
Excess H p 1 : 1 in reactioll ; excess Hp 2: 2 m 

controls 
Excess H p 1 : 1 in no reaction 

Excess Gc 1: I in ~4O y. 
Excess H p I : 2 heterozygote::; in ~ 40 y. 

Excess Gc 1 : 2 heterozygoyes in ~ I 0 d. 

Excess H p 1: I ill < 40 ~'.; excess Hp I : 2 heter­
ozygote;;; in ~ 40 y. 

Excess Hp I: 1 in <40 ~'. 
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Groups compared 

Case,;, male:; 
Controls, Vi zayas 
Contro!::;, Viz. males 
Controls, Viz. female" 
Controls, derm . pt:; . 
Cases, Vizaya~ 
Cases, Viz. male~ 
Cases, Viz . female; 
Lepro:natou:5 <40 y . 
Lepromatou5 ~ 40 ~'. 
Lepromatou- ~ 3 d. 
Lepromatou- ~ 10 d. 
Leprom. ~ 3 d . < 40 y. 
Leprom. ~ 10 d. <40 y . 
Leprom . ~ 3 d. ~4O y. 
Leprom. ~ 10 d. ~ 40 y. 
Cases ~ 40 y . 

Cases ~ 40 y . 
Lepromatou~ < 40 .'"-

Lepromatou~ ~ 40 .,'. 

Tuberculoid < 40 .,'. 

Tuberculoid ~ 40 y. 

Cases, fe:nale.; 
Contro!::; , Mindanao 
Contrvls, Mind . male;; 
Controhi, Viz. female~ 
Con t ro!::;, med. studen t,; 
Case-, :Vlindan'1o 
Case" :Vlincl . m:lJes 
Cases, :\[ind. female~ 
Tuberculoid < 40 ~' . 
Tuberculoid ~ 40 y . 
Tuberculoid ~ 3 d. 
Tuberculoid ~ 10 d. 
Tuberc. ~ 3 d. <40 y . 
Tuberc. ~ 10 d. <40 y. 
Tuberc. ~ 3 d. ~4) ~'. 
Tuberc. ~ 10 cl. ~ 40 y. 
Controls <40.,·. 

Con trois ~ 40 ~' . 
Con trol~ < 40 y. 

Contro l ~ ~40 y. 

Con t rois < 40 ~' . 

Controls ~40 ~'. 

Slati~tieal comparisons ma::le a n:! level, of "ign ifi ea!l ~e: 
= :\01 sign ifi cant at t he 0.0 -) prc)ba'li li t~, level. 

ApPENDIX I.- Continued 

Hp 

In y. 
lnv. 
In '"-

Inv. 
(5 .72) 
25 .87 

10 .21 
17 .34 

6.27 

12 . 19 

(5.91) 

Chi square 

Gc Tf I Ag(a+) 

- - --,- ----- --

Iny. 
Iny. 
lnv. 

Inv. 
I Il\' . 

In \,. 
Inv. 
In". 
In v. 
In". 
In v. 
n.p. 

n.p . 

n.p. 

n.p. 

, Inv. 
Inv. 
Inv. 
Inv. 
Inv. 
Iny . 
Iny. 
In v. 
Inv. 
1m' . 
Inv. 
In\, . 
Inv . 
In "­
In v. 
In,·. 
n.p. 

n.p. 
In\' . 

In,· . 

n.p. 

n.p. 

Inv. 
Iny. 
Inv. 
lnv. 
In". 
In\,. 
lny. 

Inv. 
Inv . 
Iny. 
Inv. 
Inv . 
In ,'. 
n.p. 

n.p. 

n.p. 

n.p. 

-----

I ny. = Te.-;t not valid becall-;e of ~ m:111 size of ~amp l e (expected val lies below ;» 
n.p . = :\0 1 performed. 

Observations 

Excess Hp 1: 2 heterozygotes in t u berc. 
Excess Hp 1: 1 in cases ; excess Hp 1: 2 heter­

ozygotes in controls 
Excess Hp 1 : 1 in cases; excess Hp 2: 2 in con trois 
Excess Hp 1: 1 in lepromatous; excess Hp 2:2 in 

controls 
Excess H p 1: 1 in lepromatous; excess Hp 2: 2 in 

controls 
Excess Hp 1: 1 in tuberculoid; exces,; Hp 1 : 2 

heterozygotes in con trois 
Exce;;s Hp 1: 1 in tuberculoid" 

d . = Durat ion of disease ~iw'e reported on~ct. 
y . = Year,; of age . 

Figllre; refe r to ehi sq uare. When the chi "quare is ildicated in parenthesis it is not signifi cant, bll t the Z-te~t on the difference~ of proportions is signifi cant. 
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