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Recently, in connection with an ongoing medical study of Marshall Islanders who 
were exposed to radioactive fallout in the Bikini incident [l}, we had the oppor
tunity to e.umine blood samples from these Islanders for the occurrence of poly
morphisms and rare variants of serum proteins and erythrocyte enzymes. The 
results, combined with the findings of others on Micronesians, suggest that there 
may be a lower frequency of rare variants in this group than in Caucasians or 
South American Indians. Because of the problems inherent in comparisons of 
groups sampled in different ways, the usual statistical contrasts were not poSSl'ble. 

:rJlE POPULATION 

The study population is composed of individuals from Ebeye, Rongelap, Utirik, and 
Majuro Islands. Because they were often related, the number of independent genome! 
in the sample was considerably less than the number of persons. Approximately half of , 
the children in the sample were born to parents inadvertently radiated ns a. result of 
fallout from a nuclear explosion at Bikini in 1954. However, the question of a radiation 
effect did not arise in any substantial m:r.nner. 

METHODS 

Samples were collected in 12 ml \-acutainers (Becton-Dickinson, Rutherford, N.J.) 
containing ACD as anticoa.gul:r.nt on tl\·o different occasions, March-April 1974 and 1975. 
The samples were shipped br air, on ice, from Kwajalein Atoll, Marsh:ill Islands to 
Honolulu, Hawaii for transshipment to Ann Arbor. Washed red blood cells and plasma 
were stored at - 70°. C prior to typing. 

The 23 systems for which we performed typings are listed in table 1, together with 
their standard abbreviations. Our conditions for electrophoresis and identification of the 
types of ADA, AK1, ICD5 , LDH, llDHs, PEPA, PEPB, PGM2 6PGD, PHI, Alb, Cp, 
Hp, Hb A, Hb A2 , and Tf have been descnbed previously [2]. Electrophoresis of PGl\!1 
and TPI and staining of PGM1 employed the method of Spencer et al. [3]; staining for 
TPI employed the positive staining method reported by Peters et al. [4]. ALD was deter
mined by the method of Hopkinson et al. [SJ, CA1 by the method of Tashian [6]. DPGl! 
by the method of Chen et al. [7], G . .\LT by the method of Weitkamp [S], NP by the 
method of Edward;; et al. [9], and Alb by the methods of Weitkamp et al. [10] and 
Tanis et al. [11]. Acid phosphatase (ACP) and group specific component (Ge) were de
termined as described previously [2]. 
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TABLE 1 

Sr.HU)! PHOTf.INS ANI• 'Rt:ll Cr.1.1. F.NZ\'?>IF. Dt:1·rnMINATIONS IN MICRONESIAN rorllJ.ATJOHS 

=:..-:-::=::.:..::....-=---:; :-.:;::..=--=.::=.::::::.=-..::..;__ ;.=-;.-:=.;.::-:.-:..--:_ .. -· - •. :-:-:--=.=-----==:.:=-- ·--;..;:::_-=:;-:. _______ -· ----~--------------------

Svn1:11 

Adcnosinc dl·aminasc (ADA) 
Arlr.nylatc kinase (1\K1) , ...... . 
Aldolasc (ALDA) , .......... ·• • 
Carbonic anhydrasc I (CA 1) •••• 

2 ,.l-Di11hosphoi.:lyn·rn11111I as1: 
(Dl'f:M) •••••• , , •• , , •••••••• 

Galaclnsl'-l-phos11hah: urirlylyl-
1 r:111sfrras1: (( ::\ l.'I') , ........ . 

I ndoplll'nol "o,i<lasi:" , , , ••• , , , , • 
hnrilrnh• 1ll'l1~·1lro1:1·11as1• (1Cll11 ) , • 

IJ1dak 1l1·hy1lw1:1·1111:;i: (1.llll) 
l\lnlnh· 1khy1lrn1:1·1111~11: ( 1\11 lllH) • , 
N11rl1•0,;i1l1~ phnsphoryla!ll: (NI') 
l'cpliilasc A (l'Jo:l'A) , , , ••••..••• 
l'cptirlasc 11 ( l'I~rn) ........... . 
Phos11hoi.:l11rnmutasc- l (l'GM 1) 

l'hosphoi.:lucon111taS1'-2 (l'GM.,) .• 
6-l 1hosphoi.:l11co11nlc IM1y- -

l'o:"O:NT 0Tllf.M 
19H 1915 INn:iil'hlATlON IN\"•:STlllATIONI TouL 

------- VAKIANTS/1,000 

Tcsh'<I V;irianl' T1.,,11•d VarLlnl~ T1-s1<·1I Vari.lnls Trslcd Varlanls Jb;rtnNCEI Tested Varla1111 Dni:w111NATIONs 

185 
186 
180 
1114 

Iii.I 

178 
0 

"''' 111-1 
lK7 
1115 
1!16 
187 
187 
lli7 

0 
0 
0 
0 

0 

0 
0 
0 
0 
() 

tl 
0 
0 
0 
0 

187 
IS6 
186 
167 

111-l 

1117 
0 

11\0 
ll\11 
IK!I 
111(1 
187 
188 
187 
IR7 

0 
0 
0 
0 

0 

I 
0 
0 
4 
0 
0 
0 
0 
0 
0 

372' 
.172 
.166 
.lSl 

.1(17 

,IM 
0 

.H•J 

.17l 
,175 
.171 
37.1 
375 
374 
;17.1 

0 
0 
0 
0 

0 

1 
0 
0 
4 
0 
0 
0 
0 
0 
0 

382 
1387 

0 
640 

0 

0 
382 

0 
.Ill! 
.IRJ. 

0 
382 
.182 

1387 
1.1ll7 

0 
0 
0 
4 

0 

0 
0 
0 
I 
0 
0 
0 
0 
0 
0 

[lJ) 
[U, 20) 

f 21, 22J 

(J.1( 

(13, 20) 
[I.I, 201 

7S4 
1759 
.166 
991 

367 

365 
.182 
34'J 
754 
7S7 
.171 
755 
757 

1761 
1761 

0 
0 
() 

4 

0 

I 
0 
0 
5 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
c 
·1.0 

0.0 

2.7 
0.0 
0.0 
h.h 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

drnl-(!'llasc(lil'GD) ............ 185 0 187 0 372 0 1387 0 [l.11 20) 1759 0 0.0 
l'hos11hoi;lyccratc kinase (l'G K) .. 0 0 0 0 0 0 380 0 I 13) ,,RO 0 0.0 
l'ho~phohcxosc isomcra54: (l'HI) • 186 0 187 0 373 0 382 0 [13) 755 0 0.0 
Triosl'phosphatc isonwra:;i: (TPI),, 183 0 187 0 370 0 0 0 • • • 370 0 0.0 
Alhumin (Alb) .. .. • .. .. .. . .. • .. lllS 1 1117 0 372 1 O 0 . • • 37l 1 2.7 
Ccruloplasmin (ct1) , .•.... , , , • • IK.I 0 187 0 370 0 0 0 . . • 370 0 0.0 

lfaptni:lobin (lip) .. .. • .. • • • .. .. 11\S 0 183 0 361\ 0 mu 0 r:t::i 2651 0 0.0 

I kmoi.:lohh1 /\ (llh /\) . .. ..... .. 187 0 1111\ 0 .175 0 3711 0 (15, Jli] 75.1 0 OJ> 
llcmoi:lohin A .. (lib i\,.) • , . , . . . 187 0 188 0 .l7S 0 0 0 • • • 375 0 · 0.0 
'fransfcrrin (1~() ..... ~......... 18S 0 187 3 372 3 774 a. (14-16) 1146 ,11 9.6 

Total • .. .. • .. • .. .. .. .. • • • • • 4,234 1 4,269 8 11503 9 12,677 13 • • • 21,180 22 1.oJ 

• 

~ 
~ 
tr1 
..--: 
:.i
:;z:i 

~ Y. 
>-l 
r '' 
I-< 

Y. 
...... ...... ..... 
() 

~ 
Y. 
tr1 
en ..... 
~ 
VI 

..... 
°' "° 



264 NEEL ET AL 

:RESULTS 

Polymorphisms 

Genetic polymorphisms were observed in six of the systems: haptoglobin, phos
phoglucomutase-1, adenosine deaminase, acid phosphatase, 6-phosphoglucose de
hydrogenase, and group specific component. Phenotype and allele frequencies are 
given in table 2. Because of extensive inter-island population movement since the 

Snnx 

Adenosine deaminase • • • • • • • • 1974 
197S 

. Total ••....•••.•••.•••.• 

Group specific component • • • • 1974 
197S 

Total ....••••.•.••••.••• 

Haptoglobin• .. .. .. .. .. .. • .. 1974 
197S 

Total ................. .. 

Phosphoglucomutase-lt • • • • • • 1974 
1975 

Total .................. . 

Add phosphatase • • • • .. • • .. .. 1974 
1975 

Total ..•.•.......•...••• 

6-Phosphogluconate dehy-
drogenase . . . • • • • • • . • • • • • • • 1974 

197S 

Total .................. . 

• Tbe HP" type was o~ In foar huliridaal&. 

TABLE 2 

167 18 
157 30 

324 48 

114 69 
76 81 

190 lSO 

56 94 
43 87 

99 181 

158 2S 
137 46 

295 71 

A AB 

101 73 
120 55 

221 128 

164 21 
180 7 

344 28 

2 Tor.u. 

0 
0 

0 372 

2 
20 

22 362 

31 
53 

84 364 

1 
4 

5 371 

B 

11 
12 

23 372 

0 
0 

0 372 

t Two ezamples of the PGll pheaol}'pe z.7 aDd a slasle plaenotype 1-7 were 01-ftd. 

.dDA1 =.935 

a,1 =.732 

Hpl=.SZl 

FGJI 1 t = .891 

A.CPA =.766 

6PGD"=.962 

Bikini incident, results are not presented separately by island. Varying numbers of 
determinations for the systems listed in tables 1 and 2 are due to a considerable time 
lapse between collection of the samples and thefr receipt in the laboratory. As a 
consequence, either no pattern or an unclear pattern (even after repetition) was 
occasionally obtained for a given trait. Three persons had the PGM1 7 phenotype. 
Because of the occurrence of this variant in polymorphic proportions elsewhere in 

'· 
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)licronesia (see below), we tabulated it with the polymorphisms. These three 
indhiduals were siblings; one parent was normal, the other was not tested. 

Rare Variants 

Four rare \-ariants, affecting nine persons, were observed in a total of 8,520 . 
determinations: (1) A fast albumin \Clriant was detected by only one of the three 
saee.ning systems in use for albumin, namely, the pH 5.0 sodium acetat!! buffer 
system of '\\"eitkamp et al. [IO]. (see fig. 1). It occurred in a 5-year-old female 

B 

l 2 3 4 5 6 7 8 9 10 11 12 

Fie. 1.-Albumin \"ariant starch gel patterns \!Sin; the following bu1fer systems: .4: sodium 
acetate, pH .:.o; B: tris-EDTA-borate, pH 6.9. Albumin samples shown are normal serum 
1, .:, i, S, and 11; Makiritare-2, Z; !>Iarshall Island '-ariant 3, 9; Makiritare-3, 4; \\"apishana-1, 
6, 12; Na.sbpi 10. Normal samples include reierence serum from our laboratory and serum 
from normal :Marshall Island samples. All \-ariants, except the presently reported l!arshall 
Island \-arial:t, have been pre\-iously compar~ by Tanis et al [2]. 

whose mother was normal (and not exposed to fallout), and whose alleged father 
was aLc:o normal, but there was paternity exclusion on the basis of the }.I~ blood 
grou;> antigens. This \-ariant was first observed in 1974 and confirmed in a sample 
from the same indi,'idual collected in 19i.5. (2) An unusual lactate dehydrogenase 
pattern was observed in four, apparently unrelated, individuals. This pattern, shown 
in fipre 2.4, is similar to the pattern seen in the LDH "Calcutta-I" v<lriant re
ported b:· Ananthakrishnan et al. [12] and previously observed in the 'Western 
Caroline I!Iands by Blake et aL [13]. For three of these individuals neither parent 
was a\-ail.able. Both parents and tl\"o siblings of the fourth individual were normal; 
there was no parental e.:tclusion with any oi 12 polymorphic systems. The occur
rence in this population of three other persons with the same defect strongly mili
tates against considering this a mutation. (3) A single individual was found to 
ha•e a gaJactose-1-phosphate uridylyltransferase phenotype which ~ indistin
guishable from the "Duarte" •;rariant common in Caucasian populations [8]. X~i
ther parent of this incli\idual was sampled. ( 4) The transferrin CB phenotype was 
obseI'\·ed in three unrelated individuals (fig. 2B). Although Hainline et al. [14] 

~ () I '"· ' 0 8' v I.. 0 
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A B 

.··.--~l····· . ~~ 

1 2 3 4 1 2 3 4 s 
Fm. 2.-A., Starch gel patterns of isozymes of lactate dehydrogen:ue from Micronesian 

samples showing the normal (slots 1 tz11d 4) and "Calcutta" like phenotype (slots Z tz11d 3). 

... 

B, Polyacrylamide gel electrophoresis of serum transferrin from normal indh-iduals (slots 1, 3, ~ 
and S) and individuals of the transferrin CB phenotype (slots· Z ancl 4). 

have reported the transferrin CD phenotype in l\Iicronesian populations, the CB 
phenotype has not been previously observed. For none of these three individuals 
were the parents available. 

DISCUSSION 

Gene frequencies for the 6 polymorphisms encountered all fell within the range 
reported in other studies of Micronesians (13-20]. 

In table 1 we summarize not only our own findings but also the results of all 
the other studies of rare variants of 25 systems in Micronesians which we were able 
to locate in the literature. To date, 27 islands have been sampled. Any effort to 
treat "rare" variants involves some arbitrary decisions; no approach is apt to find 
universal acceptance at this time. We e.,;cluded from this summary any variant 
which, for the totality a/ the representatives of the popidation studied to date, 
occurs in more than 2% of the group (one of the conventional definitions of a 
polymorphism). By this definition of rare variant, we excluded from the tabulation 
the polymorphisms involving types 3 and 7 of the PGl\I1 system reported by Blake 
et al [ 13] and the polymorphism for the type 2 of phosphoglycerate kinase re
ported by these same authors. The final column of table 1 presents the frequency 
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per l ::·JO Yariants for each syEtem, and the :m:;:ciglrtcd awrage of all the systems, 
emplo:;ed to prevent an exteruh-e study Qf a single system from dominating the 
picture. By this approach, the a\"erage frequency with which ,·ariants are encoun
tered !n the systems under consideration, on the basis of 21,180 determinations, 
is l ·'l.000 obserYations. 

Repor~ on the frequency oi rare ,·arian1$ in a variety of populations are accu
mulati.:l~ rapidly. For instance. amon:z South American Indians, we find, based on 
AD.-\ .. -\K.1 , !CDs, LDH, )IDH,-,. PEP.\, PEPB, PG)Ii, PG)f~, 6PGD, PHI, 
Alb, C;>, Hb .-\, and Tf of table 1, an unweighted rare variant frequency of 3.2/1,000 
determinations [2]. On the other band, among Caucasians living in the British Isles, 
Weste:-:i Europe, and the rnited States. a study of ADA, .-\K1, CAi. ICDs LDH, 
)!DH: )."P, PEPA, PEPE, PG)I 1, PG)!~, 6PGD, PHI, TPI, Cp, Hb .-\, and Tf 
of tab:e 1 re,·eals an unweighted Yariant frequency of 2.9 '1000 [6, 21-25]. This 
latter ~~re is greatly influenced by the relath-ely high frequency of ceruloplasmin 
\-arian:.s in the two small series on Caucasians [ n, 23]. Since the samples of )ficro
nesiaru and South American Indians contain many relatiYes an.d the West European 
sample does not, the usual (X:Z) contrast is inappropriate. Caution in this contrast 
is also indicated because the mi:<: of systems Yaries according to the population, the 
dividing line between "rare" and pol:i.morphic is arbitrary, and the determinations 
originate in a variety of laboratories. Taken simply at face value, howeYer, the 
samples of )Iicronesians and South .\merican Indians diner by a factor of three 
in the frequency of rare \·arianr.s; we su..c:pect this is a biologically meaningful 
differe:::ce. 

The frequency of such rare \-ariants is determined by a complex interplay be
tween :nutation, selection, and random loss: the latter is highly related to popula
tion t=ucture ( 2 6, 2 7]. Assuming for the moment the \·alidity of the observed 
differe:.·:e between :.\Iicronesians and .-\merindians, both the data and our knowl
edge o: the5e populations are still insufficient to permit conclusions concernin!Z the 
factors responsible for the difference. However, we believe that there mil be ~itua
tions v.-herein differences exist, and the populations are more appropriately matched 
and sa:npled, as in studies on Japanese and English, for which it may be pos:ible 
to reach \"alid inferences concerning the factors responsible for the difference [28]. 

St:l!::\IARY 

Bl0<:ri specimens from a sample of 3i3 :'-Iarshall Islanders were studied "ith 
refere;ice to ,·ariants of 23 serum proteins and erythrocyte enzymes. Si:<: of the 
traits ~udied exhibited genetic polymorphisms (adenosine deaminase. phospho
glucon::.:tase1, acid phosphatase, 6-phosphogiuconate dehydro~enase, haptoglobin, 
and !2Toup specific component). There "·ere in addition four "rare"' variants (al
bumin. transferrin, lactate dehydrogenase, and ~alactose-1-phosphate uridylyltrans
fera.se) im·oldng nine persons, among S.503 determinations. The frequency of rare 
Yariant.S in )ficronesians was compared with the frequencies in West European 
Caucasians and Amerindians. There are many difficulties in such comparisons. and 
altbou:;:'.l the obser;ed ,·alues ior the three ethnic groups differ by a factor of three 
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(the :\licronesians emibiting the lowest frequency), it is felt that no firm con· 
clusions concerning differences between ethnic groups can be drawn at this time. 
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<ContiJr1uing IY1edical ·Edu.cation 

Radialion in Childhood and Thyroid Carcinorna 

The nssoci::ition of thyroid mall~nancy 
with irradiation of the thymus and other 
!'tntcturcs in the neck area h::is been 
known for at least a qurirter of a ccn
lu rv. 111 Recent public:::itions suf.!gest a 
c01i'tinuing incidence of such muligrrnn
ci(•s despite the discontinuance of ir
rarliat.ion for benign conditions for many 

= years. In fact, the authors of these arti
cles suggest an increasing prevalence of 
thyroid carcinoma with time in. the ex
posed populatlon. 1'· •11 In 100 unselected 
patients, Iiflcen patients were operated 
upon aml seven cm·cinomas were found. 

At the Michael Reese Hospital in Chi
cngo, 1452 individuals with a history of. 
prior irrildiation to the neck rc~ion for 
benign conditions, 18-35 years ago, were 

. cvni-uated by history, physical examina
tion and thyroid scintigraphy. 1~ 1 Twen
ty-one perc..?nt (301) of the group had 
ahnormalities on cx:::imination. Of these, 
56 were found only on scintigraphy. One 
hundred and ninety-three were oper
ated upon and 56 malignancies were 
found. ·This represented 29% of those 
operated upon, 18.G% of those with de
tectable abnormalities and 3.7% of the 
entire group. Four of 22 glands normal 
to palpation but with abnormal scinti
graphy were positive for malignancy. 

Public awareness of this problem has 
been heightened by a recent television 
program. This has resulted in many in
quiries to physicians for guidance con
cerning management of this situation in - -
the population at risk. 

The question of what to do for these 
individuals is not easily resolved. Cer
tainly each person should receive a 
thorough physical examination and then 
be fallowed by <lnnual physical exam-
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ination tilcre:::ifter. Rcpeatc:d thyroi<l 
scinUgraphy docs not appear to be a 
practical approach but pcrhllps a hasc:
linc study with tcchnctium-9~m pc:rtcch
nct3tc would be or value. If funcli<ming 
nodules nre noted on the rc:rtcchm:tatc 
imai::c it should be repented with r~clir1-
iodine, preferably iodinc-12~. Indivirl· 
uals with non-functioning nodules should 
be carefully selected for surgcry. In the 
Michc:icl Reese Hospital series the ir.ci· 
d~n~e of malignancy in glands With a 
single nodule and with multiple nodules 
was the same. 

Prophylactic treatment with thyroid 
extract or 1-thyroxin does not appear 
warranted on a routine basis. There !s 
no evidence that this will prevent the 
occurrence of thyroid carcinoma. 

While these malignancies arc not, for 
the most part especially a~rnressivc. 
they do require treatment. Tl1cy will 
probably represent a continuing prob
lem for many years to come. A conccn
sus CQnccrning management of this 
problem docs not exist at this time but 
careful observation of the population at 
risk may help in evolving a logic:::il plan 
of treatment in the future. 

Harold L. Atkins, :\LD. 
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