
Blood Group Antibody Levels in Hiroshima

By JAMES \V. HOLLINGSWORTH, HOwARD B. HA�IlLToN, GILBERT W. BEEBE

AND MITSURU YAMASAKI

With the technical assLitance of Noboru Ueda

B LOOD GROUP antibody levels have been reported to vary widely with

age, reaching a peak in late childhood or early adulthood and declining

to low levels with advancing years.1’2 The only systematic studies of blood

group antibodies in normal individuals so far reported are those for a European

population by Thomsen and Kettel in 1929,1 and by Furiihata in Japan in

1955.2 Peak antibody levels are found at age 10 in Europeans, whereas in

Japan the highest titers are at approximately age 30; further, the level of

anti-A antibodies is much higher than the anti-B in Europeans, b��t in the

Iapanese both are approximately equal. These discrepancies appear to be

quite real and are probably not ascribable to differences in techniques in the

two laboratories.

The reported age-dependent relationship of blood group antibodies sug-

gested that an investigation of the levels of these agglutinins in survivors of

the Hiroshima atomic bombing of 1945 might be of value in assessing the

phenomenon of aging acceleration as a late radiation sequela. Studies in ani-

mals3 and possibly in man have suggested some non-specific shortening of

lifespan as a late consequence of irradiation. A number of physiologic measure-

ments of aging are being investigated at the Atomic Bomb Casualty Commis-

sion as tools in a study of aging acceleration. This study of blood group anti-

body levels was undertaken in irradiated and non-irradiated Hiroshima sub-

jects as a test of aging, as well as to investigate the nature of some of the dis-

crepancles reported between Japanese and Western populations.

MATERIALS AND METHODS

The Sample

Serum was obtained from subjects undergoing voluntary health examinations at ABCC.

Subjects in this Adult Health Study consist of four groups of equal size and matched as to

age and sex:
Group 1. Exposed less than 2000 meters from the bomb hypocenter and reporting one

or more major symptoms of acute radiation damage (epilation, purpura, or

agraniilocytic angina) following the bombing.

Group 2. Exposed less than 2000 meters from the hypocenter, but free of major acute

radiation symptoms.

Group. 3. In the city at a distance of 3,000-3,500 meters from the hypocenter, in the

range of low or negligible radiation hut within the area of general devastation.

From the ABCC Departments of Medicine, Clinical Laboratories, and Statistics, Atomic

Bomb Casualty Commission Hiroshima, Nagasaki, Japan, a research agency of the U. S.

National Academy of Sciences-National Research Council under a grant from U. S. Atomic

Energy Commission administered in cooperation with the Japancse National Institute of

Health of the Ministry of Health and Welfare.

Submitted Sept. 19, 1960; accepted for publication Jan. 20, 1961.

462

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/4/462/570117/462.pdf by guest on 19 M

ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V17.4.462.462&domain=pdf&date_stamp=1961-04-01


BLOOD GROUP ANTIBODY LEVELS IN HIROSHIMA 463

Table 1.-Distribution of Sample by Age and Exposure Status

Expoeure status

Age I 2 3 4 Total

10-14 � 4 1 3 4 12

15-19 10 15 25 21 71

20-24 7 20 18 18 63
25-29 23 21 17 14 75

30-34 38 27 14 35 114
35-39 22 23 22 28 95

40-44 20 26 24 30 100

45-49 24 31 19 23 97

50-54 27 36 :35 27 125

55-59 28 29 21 25 103

60-64 27 25 21 21 94

65-69 6 17 19 8 50

70+ 7 12 13 11 43
Total 243 283 251 265 1,042

Group 4. Extrinsic control subjects not in Hiroshima at the time of the 1945 bombing.

The subjects were seen during the period October 1958-March 1959. In general, subjects

in the Adult Health Study are brought to the clinic in a manner designed to provide at

monthly intervals a representative subsample of the whole. However, the sample was first

(lefined in July 1958 and group 2 was not added until January 1959. Accelerated examina-

tion of Sfll)jects in gn�up 2 resulted in their concentration in the period January through

March.

Antibody determinations were perfornied on sera from 1,042 subjects: 475 in blood

group A, 228 in group B, and 339 in group 0. The distribution as to age at time of study

is shown in table 1.

Immunologic Methods

Sera were usually kept overnight in the refrigerator before titrations were performed.

It had been established that the titers were not affected by this procedure. Serial dilutions

in 0.85 per cent NaCl were prepared from an initial 1: 10 dilution of serum inactivated at

56#{176}C. for 30 minutes.
Because It has been shown that erythrocytes vary in their agglutinability with the donor,

and vary particularly with age of donor,5 cells from the same group A or B donors were
used in all tests. Blood from the two donors was drawn weekly in acid-citrate-dextrose
solution, and stored at 40 C. for daily use during that week. Aliquots of the two bloods
were taken each morning and washed three times with 0.85 per cent saline. From the washed

packed cells, 2 per cent suspensions in 0.85 per cent saline were prepared for use in the

antibody titrations.

In 12x75 mm. test tubes, 0.1 ml. of the serum dilution and 0.1 ml. of the appropriate

ceU suspension were incubated at room temperature for 30 minutes, centrifuged gently

for 1-2 minutes, and examined for macroscopic agglutination. The tube containing the last
serum dilution yielding unequivocal agglutination was recorded as the titer.

RESULTS

Many factors may affect the blood agglutinin levels, and the large number of

observations in this study makes it possible to examine some of these factors

separately.

Relationship of Antibody Lecel to Blood Graup of the Subjects

Subjects of each blood group except AB have specific antibodies to A or B

blood group antigens. Since age, sex, and radiation exposure are unrelated to
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Table 2.-Percentage Distribution of Sample as to Agglutination Titer of Antibodies

from Sera of Persons of Different Blood Groups

Titer

Blood Group a nd Antibody

Group A
(Anti-B)

Group B
(Anti.A)

Grou
Anti-B

p 0
AntiA

1:10

1:20

1:40
1:80

1:160

1:320
1:640

Total

-

0.2
2.9

11.8
22.1

33.3

28.2

1.5
100.0

-

2.2

7.9

25.9

32.9

29.8

1.3
100.0

-

2.3

11.2

25.1

30.4

31.0
-

100.0

-

2.7

7.4

23.3

32.1

34.2
0.3

100.0

No. of cases 475 228 339 339

Mean titer 1:135 1:143 1:136 1:148

the blood group classification ( A, B, and 0 ) of the present sample, it was

possible to compare directly the antibody titers of the three blood groups

( table 2 ) . Statistical tests have been done after transforming the dilutions

1 : 10, 1 :20, 1 :40, etc. to the series 0, 1, 2, etc., and all values in the paper have

been converted back to ratio form. The values thus obtained are not the same

as those that would follow from treating the dilutions 1 : 10, 1 : 20, etc., as their

decimal equivalents .10, .05, etc. However, the transformed variable is more

appropriate for statistical manipulation. For each agglutinin the distribufion of

antibody level is about the same, regardless of the blood group of the sub-

ject. Because of the homogeneity of blood groups as to antibody level, the

blood groups can be pooled in order to study certain of the other potentially

variable factors.

Correlation of Anti-A an(1 Anti-B Titers in Group 0 Subjects

Although the antibody titers in group 0 subjects closely parallel those from

groups A and B, it seemed desirable to study the correlation of anti-A and

Anti-B agglutinins in individual subjects of group 0. In table 3 the general

correlation of the two agglutinins in group 0 subjects is evident; correlation

of titers in individual subjects was extremely high ( correlation coefficient +

.92). Thus, not only do mean levels of A and B agglutinin parallel one another

in this study, but levels in the same individual are usually identical.

Age and Sex and Antibody Levels

Table 3 provides a complete breakdown of the data (number of cases and

mean titer) by age, sex, and blood group). The titers usually reach a peak at

age 20-30, and fall progressively and in apparently linear fashion with age

thereafter. After age 30 the linear correlation coefficient is about - .72.

Sex variation seems small but definite. The age-specific means in table 3 are

by no means uniformly higher for females, but an analysis of variance into

components for age, sex, and blood groups shows that both age and sex are

associated with highly significant variation (P < .01).
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Fig. 1.-Age-titer Regression lines for subjects over age 30.
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Relationship of Antibody Levels to Radiation Exposure

The decline in antibody titers from age 30 suggested calculation of linear

regression lines for the four radiation exposure categories ( fig. 1 ) . As dis-

cussed previously, all agglutinin levels fell progressively, so that the mean titer

in the very elderly was only about one-tenth that of the individual in early

adulthood. The group 1 subjects, who were heavily exposed to radiation and

had early radiation symptoms, (lid not differ significantly from those in groups

3 ( distally exposed ) and 4 ( nonexposed ) . Group 2 subjects, exposed under

2,000 meters from the hypocenter hut free from acute radiation symptoms, (lid

have significantly higher antibody levels than subjects in the other three

groups. However, this observation seems adequately explained by the fact that

most ( 63 per cent) of the group 2 subjects were tested during the winter

months when somewhat higher titers were obtained, probably due to varia-

tion in room temperature.

The possibility that radiation might have affected antibody levels was more

definitively explored on the basis of tentatively estimated radiation doses (dc-

noted T 57 D, the first series of estimated doses used at ABCC) received by

the A-bomb survivors in groups 1 and 2. These doses (table 4) were estimated

from knowledge of the distance of each subject from the hypocenter and from

TITER TITER

1: 160

1:40

MALES ANTI-A

s I 4 I

N�

MALES ANTI’S

4 I -I- I 4

EXPOSURE GROUP

- GROUP I

GROUP 2

GROUP 3

�#{231}

FEMALES ANTI-A FEMALES ANTI-B

30 40 50 60 70+ 40 50 60 70+

1: 60

1: 40

1:640

1:320

1: 160
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Table 4.-Distribution of T 57 D Estima ted Radiation Dose, by Exposure Group
Age > 30

Dose (Rads)

-

Group 1 Group 2 Total

0-99 55 135 190

100-199 28 33 81

200-399 36 15 51

400-599 18 1 19

600-799 22 - 22

800+ 18 - 18

Total 177 184 361

the type and configuration of shielding that attenuated the air (lose.” The T 57

D doses represent the first estimates made under this system and are considered

highly tentative and subject to change as superior physical data become avail-

able on 1)0th air dose and attenuation by shielding materials. The doses used

in this analysis are in rads, and were obtained by a(lding separately eStimate(l

gamma and neutron doses directly’. An estimated radiation dose was avail-

able on 444 of the 526 subjects in Groups 1 and 2, 361 of whom were over age

30 at examination. The antibody titers for subjects over age 30 were adjusted

for age by expressing them as differences from the age-specific regression es-

timates for the nonexposed. Figure 1 gives, for each sex and agglutinin, a

linear regression line ( Y’ = a + bX ) where Y’ is the regression value of the

titer for stated age ( X ) . Then Z Y- Y’ was found, where Y is the observed

titer for the individual and Y’ the regression estimate for that age, sex, and ag-

glutinin. Scatter diagrams were plotted for each sex-agglutinin-exposure group

and linear regression analyses were performed, with uniformly negative results.

The analyses were repeated with (listance from hypocenter substituted for

dose, with the same result. From these data, therefore, there is no reason to

SU��O5� that radiation exposure has in any way affected the antibody response

of the Hiroshima A-bomb survivors. Figure 2 is provided by way of illustra-

tion; mean titer, without regard for age or agglutinin, is plotted against dose

separately for each blood group (left-hand panel) and by sex for all blood

groups combined (right-hand panel).

DIscussIoN

Blood Group Antibodies as an Aging Measure

The evidence for a general and non-specific radiation-induced accelerated

aging is based largely on the finding of earlier deaths in irradiated rodents.3’7

Once recovery from acute radiation effects has occurred, and apart from the

initial mortality, we are aware of no evidence for life-shortening in man ex-

cept in relation to specific causes of death, most notably leukemia8 and cancer

generally.9 Warren4 has reported that radiologists in the United States have a

reduced life-expectancy but the defects of his methodology rob the observa-

tion of significance.1#{176} Life shortening has not been found in a recent study of

British radiologists.11 The concept that irradiation accelerates natural aging

is sufficiently important to warrant careful study in Hiroshima and Nagasaki

atomic bomb survivors, constituting, as this group does, the major source of

data Ofl irradiated humans.
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TITER TITER
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Fig. 2.-Mean antibody titer in relation to estimated radiation dose (T57D) by

blood group#{176} and by sex, for subjects in exposure groups 1 and 2 over 30 at

examination.

Aging seems unlikely to occur as a single process, but more likely as a total

of many different processes. Therefore, in studying aging in Hiroshima sur-

vivors it has seemed important to study many separate physiological variables

known to change with age. These individual variables are being analyzed

separately in relation to radiation exposure, and also as biological chronom-

eters. From these individual tests of aging it is hoped to select a sensitive

battery of tests with good age correlation, yet measuring different physiologic

properties. Individual physiological variables vary a great deal in their sensi-

tivity to changes with age. Blood group antibody levels are more sensitive than

many. After age 30 the linear correlation with chronological age is -- .72 in this

sample. It may be asked whether this particular test is nearly sensitive enough

to detect radiation-induced aging if indeed such does occur. \Ve do not know

how large any such effect might be, but estimates have been mad&2 on the

basis of extrapolations from animal data that aging in man might be accelerated

by a factor of 5 to 10 days per rad of exposure. In the present sample, with a

mean exposure of about 200 rads, Jahlon’� has suggested that eventual life-

shortening might amount to 1.28 to 3.85 years in a complete lifetime experience.

In this study, of course, we are considering the aggregate aging effects visible

after 14 years in survivors alone. In an experimental situation, with samples of

361 irradiated and an equal number of nonirradiated, it appears that a dif-

ference of 2.7 years might be detected with 50 per cent probability, and a (lif-

ference of 4.4 years with 90 per cent probability. It would appear, therefore,

that the antibody level may not be highly sensitive to radiation-induced aging,

if such exists, in samples as small as that studied here. Certainly, analysis of

the data reveals no hint of a difference between irradiated and control sub-

jects.
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Blood Group Antibodies in Japanese and Western Populations

Although this study of blood group antibodies in Hiroshima has revealed

no evidence of effect due to radiation, the striking difference in the pattern

of blood group antibodies between the Japanese subjects and Europeans is

confirmed. Only one extensive study by Thomsen and Kettel’ is available for

direct comparison of European and American antibody levels, but Mollison’4

affirms the pattern described by Thomsen and Kettel. One major observed

difference is that anti-A antibodies are higher than anti-B antibodies in Euro-

peans, but are equal in Japanese. Another clear-cut feature is that peak anti-

body levels were reached at age 10 in Thomsen and Kettel’s subjects, but were

maximal at age 30 in the Japanese. These differences are graphically illustrated

in figure 3.

Methodological differences are quite marked in studies of this sort, but

would not appear to be important in interpretation of the discrepancies be-

tween Japanese and Western populations. The Hiroshima data are essentially

identical with those reported in Tokyo subjects by Furuhata and Eguchi,2

hut the methods used in Hiroshima were approximately 10 times as sensitive.

Although the Thomsen and Kettel study is the only age-specific study of ag-

glutinin levels for direct comparison, a variety of studies affirm the fact that

anti-A antibodies are higher than anti-B in Western populations.15’10’26 Inter-

estingly, one study of West Africans suggests that the two agglutinin levels

are equal in this population, a finding similar to the Japanese.’6

If these differences in blood group antibody levels between Western and

Japanese populations are not spurious, then, do they represent a hereditary or

an acquired racial characteristic? The answer is dependent upon an under-

standing of the basic nature of so-called “natural” antibodies.17 Wiener”4 be-

AGE AT EXAMINATION

Fig. 3.-Comparison of Japanese and European subjects as to mean antibody
titer expressed as percentage of highest age-specific titer, by age at examination.
trast microscopy prior to incubation in substrate solution. X2140. b. The same cell
fringent and do not contain formazan deposits. X2140.
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lieves that all naturally occurring antibodies are actually acquired in response

to specific antigens. A wide variety of polysaccharide-containing substances,

capable of eliciting anti-A and anti-B agglutinins have been found in natural

plant and animal material;’9 these substances can apparently serve as antigens

when orally ingested.2#{176} Blood group A antigenic materials, present in diphtheria

and tetanus vaccine, have been thought to be a major factor in exogenous

stimulation of anti-A antibodies.21 Population differences in antil)odie� might,

if external antigenic stimulation is the basis of blood group antibody level,

simply reflect the prevalence of antigenic materials in these populations.

However, the concept of ‘natural’ antibodies is strengthened by the finding

of specific agglutinins in young animals before antigenic stimulation could oc-

cur.22 Recently, Talmage23 has postulated that all antibodies originate natural-

ly, and that combination of globulin with antigen leading to depletion of

the globulin calls forth enhanced globulin production ( antibody formation).

However, recent studies of the virtual absence of globulins in germfree rats

suggest that most, if not all, immune globulin is acquired as a result of anti-

genic exposure.24

Certain of the clinical and epidemiologic data of blood group antibodies fit

with the concept of a natural antibody, or suggest that genetic or natural

factors modify antibody responses. The finding in our study that levels of

anti-A and anti-B agglutinins in group 0 subjects are highly correlated sug-

gests a natural antibody, rather than equal stimulation with two different anti-

gens. Similarly, the repeated observation that levels of blood group antibodies

tend to be familial fits with an hereditary characteristic, rather than with

environmental antigen exposure.2�#{176} The finding by Savolainen27 of different

blood group antibody levels in Finnish and German soldiers led him to postu-

late a racial difference. The finding of different globulin levels in American

Negroes and Americans of Caucasian ancestry again suggests a hereditary

rather than environmental effect on globulin.28

None of these observations is conclusive as to the “natural” or “acquired”

characteristics of the blood group antibodies. However, studies of different

population groups using similar immunologic methods should lead to further

elucidation of racial differences, and suggest whether these differences con-

stitute hereditary or environmental influences.

SUMMARY

Blood group antibody levels were measured in 526 irradiated survivors of

the 1945 atomic bombing of Hiroshima and in 516 nonirradiated subjects. The

study was undertaken in order to determine the age changes in antibody levels

in irradiated and nonirradiated subjects, as well as to investigate the pattern

of blood agglutinin levels in the Japanese population for comparison with that

of Caucasians. The following observations were made:

1. In 475 people of group A, 228 of group B, and 339 of group 0, the mean

serum levels of anti-A and anti-B antibodies were virtually identical ir-

respective of the blood group of the subjects.

2. In individual group 0 subjects, the titers of anti-A and anti-B antibodies

were very highly correlated (correlation coefficient of + .92).
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3. Females exhibited higher antibody levels, although the magnitude of the

difference was small.

4. Peak antibody titers were reached at age 20-30, with progressive linear

regression in levels with advancing age. Peak titers in early adulthood were

5-10 times higher than those of the very elderly.

5. No correlation between 1)100(1 group antibody levels and atomic irradiation

was detected, whether irradiation was represented by ( a ) presence or absence

of acute radiation symptoms in 1945, ( b ) distance from the hypocenter, or

( c ) numerical dosage estimate.

6. As one of a battery of tests of physiologic aging designed for detection of

irradiation induced nonspecific aging acceleration, blood group antibody

levels seem of modest value. After age 30, the linear correlation with chrono-

logic age is - .72.

7. Differences in blood group antibody levels in Japanese and Caucasians

indicate that ( a ) Caucasians have higher anti-A antibody levels as compared

to anti-B levels than do Japanese, and ( b ) the peak antibody level occurs at

an earlier age in Caucasians than in Japanese. It is not clear whether these

differences are related to race and heredity or to external antigenic stimulation

with A and B antigenic materials, but studies of blood group antibody levels

in different racial groups should help elucidate the nature of these differ-

ences.

SuMNIAm0 IN 1NTERLINGUA

Le nivellos del anticorpores de gruppo de sanguine esseva mesurate in 526

irradiate superviventes del bombardamento atomic de Hiroshima in 1945 e in

516 subjectos non irradiate. Le studio esseva interprendite pro determinar le

alterationes occurrente con le etate in le nivellos de anticorpore in subjectos

irradiate e non-irradiate e etiam pro investigar Ic configuration del nivellos de

agglutinina sanguinee in le population japonese in comparation con illos

portate in populationes caucasian. Le sequente observationes esseva facite:

1. In 475 subjectos de gruppo A, 228 de griippo B, e 339 de gruppo 0, le

nivellos seral medie de anticorpore anti-A e anticorpore anti-B esseva virtual-

mente identic, sin reguardo a! gruppo de sanguine del subjectos in question.

2. In subjectos individual del gruppo 0, le titros de anticorpore anti-A e de

anticorpore anti-B esseva altissimemente correlationate ( con un coefficiente de

correlation de + 0,92).

3. Femininas exhihiva plus alte nivellos de anticorpore que masculos. Tamen,

le magnitude del differentia esseva micre.

4. Le culmine del titros de anticorpore occurreva in le gruppo de etates de

20 a 30 annos. Con le avantiamento del etate il sequeva un progressive regres-

sion linear del titros. Titros maximal in juvene aditltos esseva 5 a 10 vices plus

alte que in subjectos de etates multo avantiate.

5. Nulle correlation esseva detegite inter Ic nivellos del anticorpores de

gruppo de sanguine e le irradiation atomic, sin reguardo a si le irradiation es-

seva representate per (1) le presentia o absentia de symptomas acute in 1945,

(2) le distantia ab le hypocentro al tempore del detonation, o (3) tin estima-

tion numeric del dosage recipite.
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6. Como un del elementos in un batteria de tests del vetulation physiologic

visante al detection de non-specific accelerationes del vetulation inducite per

irradiation, le determination del nivello del anticorpores de gruppo de sanguine

pare esser de modeste valor. Post le etate de 30 annos, le correlation linear con

le etate chronologic es -0,72.

7. Differentias del nivellos del anticorpores de gruppo de sanguine inter

japoneses e caucasianos indica que (a) caucasianos ha plus alte nivellos de

anticorpore anti-A (relative at nivellos de anticorpore anti-B) que japoneses

e (b) le nivello maxime de anticorpore occurre a etates plus juvene in cau-

casianos que in japoneses. Ii non es clar si iste differentias es relationate a

racia e hereditate o a un externe stimulation antigenic con materiales a char-

acter de antigeno A e B, sed studios del nivellos del anticorpores de gruppo

de sanguine in differente gruppos racial va sin dubita esser de adjuta in le

elucidation de iste differentias.
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