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INTRODUCTION

i

Blood group antibody levels have been
reported to vary widely with age, reaching
a peak in late childhood or early adulthood
and deelining to low levels with advancing
years. +2  This fact has been recognized
sporadically by the elinician by absence of
deleterious reactions in certain old people
who inadvertently had received transfusions

of grossly A-B-0 incompatible blood. 3

The only systematic studies of blood
group antibodies in normal individuals so
far reported are those for an European
population by Thomsen and Kettel in 19291
Peak
antibody levels are found at age 10 in
Europeans,

and by Furuhata in Japan in 1955. 2

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,
but in the Japanese both are approximately
equal. These discrepancies between
Furopeans and Japanese appear to be quite
real and are probably not ascribable to
differences in technimes.

The reported age-dependent relationship
of blood group antibodies suggested that an
of these
agglutinins in survivors of the Hiroshima
atomic bombing of 1945 might be of value
in assessing the phenomenon of aging

investigation of the levels

acceleration as a late radiation sequela.
Studies in animals? and possibly in man?
have suggested some non-specific shortening
of life span as a late consequence of
irradiation. A number of physiologic
measurements of aging are being investi-
gated at the Atomic Bomb Casualty Com-
(ABCC) as tools in a study of
aging acceleration. A study of blood

group antibody levels was undertaken in

mission
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irradiated and non-irradiated Hiroshima
subjects as a test of aging, as well as to
investigate the nature of some of the
discrepancies reported between Japanese and
Wes tern populations.

MATERIALS AND METHODS
The Sample

Serum was obtained from subjects under-
going voluntary health examinations at
ABCC. Subjects in this Adult Health Study
consist of four groups of equal size and
mateched as to age and sex.

Exposure Exposed less than 2000 meters

Group 1. from the bomb hypocenter and
reporting one or more major
symptoms of acute radiation
damage (epilation, purpura, or
agranulocytic angina) following

the bombing. i B

Exposure
Group 2.

Exposed less than 2000 meters
from the hypocenter, but free of
major acute radiation symptoms.

Exposure
Group 3.

In the city at a distance of
3000-3499 meters from the
hypocenter, in the range of low
or negligible radiation but
within the area of general
devastation.

Exposure Extrinsie control subjects not
in Hiroshima at the time of the
1945 bombing.

Group 4.

The subjects were seen during the period
October 1958 - March 1959. In general,
subjects in the Adult Health Study are
brought to the clinie in a manner designed
to provide at monthly intervals a repre-
sentative subsample of the whole. However,
the sample was first defined in July 1958
and Group 2 was not added until January
1959. Accelerated examination of subjects
in Group 2 resulted in their concentration
in the period January through March.
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Antibody determinations were performed on
sera from 1042 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.
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TABLE 1 DISTRIBUTION OF SAMPLE BY AGE AND EXPOSURE GROUP
x1 HrTVoOESH, ERSENSH
i EXPOSURE GROUPS HMAHE | ...,
F4 1 2 3 4 &9
10-14 4 1 3 4 12
15-14 10 15 25 21 71
20-24 7 20 18 18 63
25-28 23 21 17 14 75
30-34 ag 27 14 35 114
35-38 22 23 22 28 95
40-44 20 28 24 30 100
45-48 24 31 18 23 97
50-54 27 36 ks 27 125
55-58 28 29 21 25 103
60-64 27 25 21 21 94
65-69 8 17 18 8 50
70-0veER LBk 7= 12 13 11 43
TOTAL  &F 243 283 251 265 1042
Immunologic Methods REFHTT &
Sera were usually kept overnight in the MiBEBFAENIZ 1 BB L~ & & o8
refrigerator before titrations were
performed. It had been established that ERMOBE LT % > /2. 2 OHBITREN 12l
the titers were not affected by this LHBERITX LW EARICERFLT S B .
procedure. Serial dilutions in 0.85 per 56°CT05MME L TARERLAZMED 1 ; 107
cent NaCl were prepared from an initial e g - i = s et s )
1:10 dilution of‘pserum inactivated at 56°C %F\Jhi e ELO.SQ%EEEE_E&‘{L/](%N;LHL &
for 30 minutes. EOEHARMEE e - 7.
Because it has been shown that erythro- FRIMERDEEERE T MEDES "k - TR S
cytes vary in their agglutinability with < 2 T J
age of donor,6 cells from the same group A BIEMAEMENTVEDTS MR AR e AR
or B donors were used in all tests. Blood FUBRITH? 2 AoftilE» 5457 MERE 4

from the two donors was drawn weekly in
acid-citrate-dextrose solution, and stored
at 4°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,
cent saline were prepared for use in the

antibody titrations.

2

per cent suspensions in 0.85 per
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In 12 x 75 mm test tubes, 0.1 ml of the
serum dilution and 0.1 ml of the appropri-
ate cell suspension were inecubated 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
unegquivocal 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 Level to Blood
Group 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 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, ete., 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 distribution of
antibody level is about the same, regard-
less of the blood group of the subject.
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 and Anti-B Titers in
Group 0 Subjects

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

12X 75mm O FERE 12 MBEH WAL 0. 1ml & 08 2
NEBEET3MEEWEREO.1ml & Ah, FE T30
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A and B, it seemed desirable to

study the correlation of anti-A and anti-B

groups

agglutinins in individual subjects of group
0.
antibody titers in group 0 individuals is

In Table 3 the correlation of the two

and the corre-
Thus,
and B agglutinin
but
levels in the same individual are usually

seen to be extremely high,
lation coefficient is—+.92.
of A
parallel one another in

not only
do mean levels
this study,

identical.

DVWTHARUMBEREZEDMME 2 Z L a
BFLweEbhi, E31RTM, OBBE
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Monthly Yariation in Antibody Titers
FAIMEANOT > TLOREE L ZDF
Table 4 shows the sample size and WMEMTHE. 20 LEIZIEE&HMEESNL2IZTL
mean titer, by month of study. In the 5 .
s R : it o WRSEE 2BRMEEORMICE > TN B
upper panel each antibody is expressed i z
separately. Since exposure group 2 was Tl DT, MEDOHE2BRIUVE 3BT
TABLE 2 PERCENTAGE DISTRIBUTION OF SAMPLE AS TO AGGLUT INATION TITER,
BY BLOOD GROUP AND ANTIBODY RESPONSE
2 Ny T OB M o MHE AR K R RO R i Ay A AR
gL 00D GROUP AND ANTIBODY
TITER i it R B UL (R
GROUP A GROUP B GROUP 0 0
il CANTI-B) | {ANTI-A) |—— e s
AR B I ANTI-B ANTIE-A
(#iB) (FTA) i B A
1: 10 0.2 Sl -
1: 20 2.8 Zolo |l % Ay
1: 40 11.8 7.8 13059 7.4
1: 80 22.1 25.9 | 251 23.3
1:160 = 33.3 32.9 30. 4 32.1
1:320 28,2 29.8 31.0 34.2
1:640 LS5 1.3 - 0.3
TOTAL m.f ~100.0 100.0 100.0 100.0
“”Magﬁﬂéﬁus” 475 228 339 a3g
e T e ; )
R fi 1:135 1:143 1:136 1:148

TABLE 3 CORRELAT|ON BETWEEN ANTI-A AND ANTI-B AGGLUT INATION TITER,

BLOOD GROUP 0 SUBJECTS

#3 ON#EMmEDIMA, HIBEEEIEMOHE

ANTI-B TITER ANTI-A TITER R LA FE

B F i 1: 20 | 1: 40 | 1: 80 | 1:160 | 1:320 | 1:540 |TOTALZ

1: 20 7 1 z E = 8

1. 40 2 | 21 T i 38
1 8o = 3 62 20 = 2 85
T 1:1s0 - 4 T 13 - 103
_l 320 - =Y R a _'IHH 5_1_03-— 1 105
TOTAL &t 8 25 78 108 118 1 339




between group
Zroups.
group 0 titer is omitted since they are so
highly correlated as to constitute a
the variation by
month was not produceced by the introduction
of group 2.
when group
the table (lower

duplication.

2

the winter months,

o

=

Plainly,

introduced late in the course of the work,
the second and third panels distinguish

and the other exposure

panels).

In the latter panels one of the

Similar variation was seen

subjects were excluded from

The antibody titers rose to a peak during

and were lower during

WRAYBOB2H L ZOMOBE L2 IT . F2
Bl BIBTIRMBOROHAEREMD 1 5 HFBuv
THAD, 220 2>0HEEMIE IZED
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SHELHAMA LD TR ALV LIRS DT
H5. [AEPCHBIFE2HOALERBVWTY
FfEOZBE PR s N7 (MEOFERRE) .

 MARMIEAICREEEZRL, BRI
BT LA ZoRERE 0B B HETT

TABLE 4 MEAN ANTIBODY TITER BY BLOOD GROUP, AGGLUT ININ, AND MONTH OF TEST

F4 PFHPEMoMEL, SERLUCREAN -EE
BLOOD GROUP| AGGLUTININ ! OBSERVATION | 0CT, | NOV, | DEc. | JAN. | FEB. | MAR. [TOTAL| PT
I HE Y HER B 109 |18 |12 | 18 | 2H 3R 3 e
EXPOSURE GROUPS 1, 2, 3, 4{ |
#EBMEEL, 2, 3, 48 |
!No'mg#;” 82 86 s | 21 |107 |130 |a1s
A ANTI-B i ] P | e
fiB WEAN spys il (106.5|141.8[164.6[149.8[145.1]120.3]135.3] »
0 NF TESTS| 34 50 20 10 51 63 |228
B ANT I-A Bk 4 B i
mA MEAN gageif |125.3]141.2[183.8]171.5[147.5|137.2] 143, 4n.s.
Mu.a&u*é%;;isrs 45 75 31 22 63 |103 |3as
0 ANT I- A AL
A R ks
i MEh g FEfH [125.1|125.8(175.0|165.1|178.6(148.6|148.0] #
ESTS |
Nn.?&%:&]ﬁr 45 75 31 22 83 |103 |338
0 ANT I-8 5
B MEAN FHgFEM | 97.7|101.7|160.0(165.1|180.6|148.6|135.8] #*=
"&ﬁggéﬂszm 286|131 75 |284 |389 |1381
A,B,& 0 |ALL &% )
MEAN 53| 112.0|125.9|168.7|161.5|160.4[140.2(139.8/ ==
EXPOSURE BROUPS 1, 3, 4 ONLY (1) HEBSHEL, 3, 4HOH
ALL BUT ANTI-A|NOD. OF TESTS|181 211 100 a7 549 191 759
ke E$;tfnnup 0 ;_E_;HN_*%%ﬁ 2
BLOBIIzS LTIk FHFEM | 108.6[125.9|166.8|154.1|161.9|130.6[131.5/[ #+*
A x BE<
EXPOSURE GROUP 2 ONLY BHSHEEZ#OA
ALL BUT ANTI-A
FOR GROUP O NU,HE#T;ESTS = = 16 162 105 283
4,8.2 0 |(tft) B
BLOBIZDWTIE I MEAN o 4o o . 2 - |174.5|153.3|150.8[153.5 |n.s.
A #BR<
t Probability result of statistical test on homogeneity of monthly means, expressed as

RRIEHEMO —fE Iz o> THEMMICHRE L 2SR (P) 2% T,

N.S. > 05 AR TL W
* P<.05 but > .01
*s P< .01

tt To show monthly variation uninfluenced H2EOBEL RV~ HNETH
tft Since the two blood group 0 titers are not

ORIt 2 > EMEM 30T IZE 1l > TH LA

independent, only one is used here



and fall.
representing tests performed by

the spring These changes,
the same
technician in a standard manner, are
statistically significant. A seasonal
in antibody levels may be
but the full magnitude

is not evident from this study extending

variation
presumed, therefore,
over only a six-month period.

Age, Sex, and Antibody Levels

Table 5 provides a complete breakdown of
the data (pumber of cases and mean titer)
by The titers
usually reach a peak at age 20-30, and fall
in apparently linear
After age 30
the linear correlation coefficient is
T2,

age, sex, and blood group.
progressively and

fashion with age thereafter.

about -

Sex variation seems small but definite.

The age-specific means in Table 5 are by no

s

5D THEOT,

Z

C

ZOENMITEIENIZE

BTH5. 2ofRE, MAERMEELIZL 9 EEH

TAZ LB ENEN, Ehr6rAMoOFEEH
Y IEEEN O FRIE L5

=TI S A wn

FH R UM & REFRM

25 EMEORE (HmHHE U EM )
Anl, ERECMENEIZENL 2L 0Th
R 12 SR 3B 20— 30F CTHA T E L,
ZOBBESHFENT 21200k, B> Rl
BRAVIZ FEES 5. 30F LifgIx, SMIZMBIGREILH
—. 72T H 5.

B

HERZENLIE— RS AT S D
Ti%ﬁﬂvwmuk%ﬁ~ﬁmﬁ<ﬁquu

means uniformly higher for females, but an ZwA, 14y, A owTHERENO
analysis of variance into components Pot gﬂ%i%%ﬁﬁqﬂ'é - {ﬁﬁ?éfmié Lo itk 2 & il 1
age, sex, and blood groups shows that both . ; s
age and sex are associated with highly BILTRmIEEAR 2822 LA L
signifieant variation (P<.01). { P -Ul)-
TABLE 5 COMPARISON OF SEXES AS TO MEAN TITER, BY AGE, BLOOD GROUP, AND ANTIBODY REACTION
#5 A, MR N P BG83 o 1 5 ke g
BLOOD GROUP A BLOOD GROUP B BLOOZ SROUR O 0%
AFl B ANTI-B 3B | anTI-a A
AGE MALE | FEMALE MALE | FEMALE MALE FEMALE I MALE 1 FEMALE
o F it it B | A Bk 1 | FE | Tt
NO. | MEAN NO. | MEAN NO. | MEAN [NO. | MEAN ND.‘ME&N NO. | MEAN |NO. |ME&N NOD. | MEAN
BM| T EM| P HROPH | EER R HE WH Tt mie| T R T
ww R B EM B OFM OB OEM | AH O | EH B ml ER O EE A
10-14 3lz01.8| s|160.0| 1/160.0] 2|226.3| - 5 JFd 3 1/180.0
15-19 14(176.7) 14(226.3| 6 142.5 13 |143.8| 12 134.5 12[151.0| 12[151.0 12 178.6
20-24 7/320,0| 24|261.4| B 226.3| 4(320.0| 7 262.5 15/231.68| 7/289.8 15 242.5
25-29 16(236.3| 16|257.7| 7 262.5 13|245.1| B8|283.4| 15(278.6 8 269.1 15 278.6
30-34 18(201.6 23(244.0| 6 2B5.1| 15(231.6| 21 201.6| 31 |218.8| 21 |222.6 31 |223.8
35-309 15(242,5 28(199.9| 5 242.5 12[260.1| 10/171.6| 25(223.2| 10|183.8 25 249.3
40-44 | 14]195.0) 25/205.3] 10]1s0.0] 12]254.0| 17 130. 5 22[187.3] 17]173.8] 22 1g99.5
45-49 | 16|160.0 37|172.4| 7|144.9| 13|16B.8| 7/144.8| 17|166.7| 7[176.7| 17/180.8
50- 54 22(106.2 38[119.5| 15| 86.2| 16|153.2| 14/107.7| 20| 95.1| 14[113.1] 20]113.1
55- 59 23| 93.0 26| 89.0| B 113.1] 19| 75.8| 12| 84.8| 21| 85.5| 12| 80.0] 21| 81.3
60-64 20| 0.5 25 S4.3 9 86.4| 11| 75.1| 13] 1.3 18] 67,23 13] 68.2] 15 67.3
65-69 15| 50.4 9! 63.45 E| 80.0 4| 47.6 6 50, 4 10| 34.8 6| 55.6 10| 45,8
70-0VER Lk T T 8| 40.0 il 4| 23.8 3| 25.2 4] 23.8
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Relationship of Antibody Levels to Radia-
tion Exposure

The decline in antibody titers from
age 30 suggested calculation of linear
regression lines for the four radiation
(Figure 1). As
discussed 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
adul thood. The group 1 subjects, who were
heavily exposed to radiation and had early
radiation symptoms, did not differ signifi-
cantly from those 1in groups 3 (distally
exposed) and 4 (nonexposed). Group 2
subjeects, exposed under 2000 meters from
the hypocenter but free from acute radia-
tion symptoms, did have significantly
higher antibody levels than subjects in the
other three groups. However, this obser-
vation seems adegquately explained by the
fact that most (63 per cent) of the group 2
subjects were tested during the winter

exposure categories

months when seasonal variation produced
higher antibody levels (see Table 4),
whereas only 26 per cent of the subjects in
the other three groups were seen in this
period.

The possibility that radiation might have
affected antibody levels was more defini-
tively explored on the basis of tentatively
estimated radiation doses (denoted T57D,
the first series of estimated doses used at
ABCC) received by the A-bomb survivors in
groups 1 and 2. These doses (Table 6) were
estimated from knowledge of the distance of
each subject from the hypocenter and from
the type and configuration of shielding
that attenuated the air dose.’ The T57D
doses represent the first estimates made
under this system and are considered highly
tentative and subjeet to change as superior
physical data become available on both
air dose and attenuation by shielding
materials. The doses used in this analysis
are in rads, and were obtained by adding
separately estimated gamma and neutron
doses directly. An estimated radiation
dose was available on 444 of the 526
subjeets in groups 1 and 2, 361 of whom
were over age 30 at examination. The
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FIGURE 1

AGE-TITER REGRESSION LINES FOR SUBJECTS OVER AGE
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antibody titers for subjects over age 30
were adjusted for age by expressing them as
differences of their observed titers from
the age-specific regression estimates for
for each
sex and agglutinin, a linear regression
line (Y} = a + bX) for age, where Y] is the

regression estimate of the titer for each

the nonexposed. Figure 1 gives,

exposure group (i = 1,2,3,4) for stated age

(X). Then Zi = Yi - Y4 was found, where Yi

is the observed titer for the individual of

exposure group 1 or 2, and Y; the regres-
sion estimate for the nonexposed for that
These 7
subs tituted as the age adjusted titers for

age, sex and agglutinin. were

subjects over age 30 at examination, and
were used
antibody
distance.

levels to radiation dose or to

Scatter diagrams of these 7 and
dose were plotted for exposure groups 1 and
2 and linear repgression
performed, with
results of Tabhle 7.
repeated with distance from hypocender
substituted for dose, with the same result.
From these data therefore,

analyses were
the uniformly negative

The analyses were

there is no

FIGURE 2 MEAN ANTIBODY TITER IN RELATION TO ESTIMATED RADIATION DOSE (T57D),
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reason to suppose that radiation exposure
has in any way affected the antibody
response of the Hiroshima A-bomb survivors.
Figure 2 is provided by way of illus-
tration; mean titer, without regard for age
or agglutinin, is plotted agalnst dose
separately for each blood group (left
panel) and by sex for all blood groups

combined (right panel).

TABLE 7
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Blood Group Antibodies as an Aging Measure

The evidence for a general and non-

specific radiation-induced accelerated
aging is bhased largely on the finding of
earlier deaths £5.8
Once recovery from acute radiation effects

in irradiated rodents.
has occurred, and apart from the initial
mortality, we are aware of no evidence
for life shortening in man except in re-

mos t
10

lation to specific causes of death,

notably leukemia®

5 h

and cancer generally.
Warren as reported that radiologists
in the United States
life-expectancy but the defects of his
me thodology rob the observation of signifi-

have a reduced

cance. 11 Tife shortening has not been

found in a recent study of British radi-
2]

ologists.l” The conecept that irradiation

accelerates natural aging is sufficiently

important to warrant careful study in

Hiroshima and Nagasaki atomic bomb survi-
vors, constituting as this group does the

major source of data on irradiated humans.

11
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Aging seems unlikely to occur as a single
process, but more likely as a total of many
different processes,. Therefore, in
it
has seemed important to study many separate

studying aging in Hiroshima survivors

physiological variables known
with age.

to change
These individual variables are
being analyzed separately in relation to
radiation exposure, and also as biological
chronometers. From these individual tests
of aging it is hoped to select a sensitive
battery of tests with good age correlation,
Yet measuring different physiological
properties. Individual physiological
variables differ a great deal in their
Blood
group antibody levels are more sensitive
than many.

sensitivity to changes with age.

After age 30 the linear cor-
relation with chronological age is =-.72 in
this sample. It may be asked whether this
part{cular test is nearly sensitive enough
to detect radiation-induced aging if indeed
such does occur. We do not know how large

any such effect might be,
13

but estimates
have been made'” on the basis of extrapo-
lations 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, Jablonl? nas suggested that eventual
life shortening might amount to 1.28 to
3.85 years in a complete lifetime ex-
In this study,

considering the aggregate aging effects

perience. of course, we are
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 difference
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,
no hint of a difference between irradiated
This fact is of
interest not only in relationship to late
but also from the stand-
point of recovery of the immunologic system
The lymph-

analysis of the data reveals

and control subjects.

aging phenomena,

after radiation injury in man.

12
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atic system is profoundly radiosensitive
and irradiation results in temporary
inability to respond with antibody for-
mation to new antigeniec stimulation. 11
Al though one might expect that radiation
damage to the immunologic system in man
would be of temporary nature, these data on
agglutinin levels form the only concrete

evidence on this point.

Blood Group Antibodies in Japanese and
Western Populations

Al though 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 direect comparison of
European and American antibody levels, but
Mollison? affirms the pattern described b§
Thomsen and Kettel. One major observed
difference is that anti-A antibodies are
higher than anti-B antibodies in Europeans,
but are equal In Japanese. Another clear-
cut feature is that peak antibody levels
were reached at age 10
Kettel's subjects,
30 in the Japanese.

in Thomsen and
but were maximal at age

These differences are
3.

the present Hiroshima study was

graphically
Al though
conducted only during the
October-March, apparently seasonal
variation was detected with peak antibody
levels during the winter months. An
entirely different seasonal fluctuation was
noted Stonﬂ,16
Al though the
seasonal changes may

illustrated in Figure

months of
an

in Americans by Shaw and
with lowest titers in winter.
data are fragmentary,
prove to be another difference bhetween
Western and Japanese blood group antibody
levels.

Methodological differences are qguite
marked in studies of this sort, but would
not appear to be important in interpre-
tation of the discrepancies between
The
identical
with those reported in Tokyo subjects by

Japanese and Western populations.
Hiroshima data are essentially

13
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2 but the methods used
in Hiroshima were approximately 10 times
Al though the Thomsen and
Kettel study is the only age-specific study

Furuhata and Eguehi,
as sensitive.

of agglutinin levels for direct comparison,
of studies affirm the fact that

anti-A antibodies are higher than anti-B
3,16,17,25

a variety
in Western populations. Inter-
estingly, one study of West Africans
suggests that the two agglutinin levels are
equal in this population,
to the Japanese.]7

a finding similar
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FIGURE 3 COMPARISON OF JAPANESE AND EUROPEAN SUBJECTS AS TO MEAN ANTIBODY TITER EXPRESSED

AS PERCENTAGE OF HIGHEST AGE-SPECIFIC TITER,

BY AGE AT EXAMINATION
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If these differences
antibody levels between Western and
Japanese populations are not spurious,
then,
acquired racial characteristic?

in blood group

do they represent an hereditary or an
The answer
is dependent upon an understanding of the
basic nature of so-called "natural®
antibodies. 18 Wienerlg believes that all
naturally occurring antibodies are actually
acquired in response to specifie antigens.
A wide variety of polysacchoride-containing
subs tances, capable of eliciting aggluti-
nins to anti-A and anti-B have been found
in natural plant and animal material;
these substances can apparently serve as

antigens when orally ingested.20 Blood

14
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group A antigenic materials,
diphtheria and tetanus vacecine,

present in
have heen
thought to be a major factor in exogenous
stimulation of antibodies, 21
antibodies
antigen stimulation
the basis of blood group antibody
level, simply reflect the prevalence
of antigenic materials in these popu-
lations.

anti-A
Population differences in
might, if external

is

However, the concept of "natural” anti-
bodies 1s strengthened by the finding of
speeifiec agglutinins in young animals
before antigenie stimulation could oceur, 22
Recently, Talmag923 has postulated that all
antibodies originate naturally, and that
combination of globulin with antigen
leading to depletion of the globulin calls
forth enhanced globulin production (anti-
body formation).

Many of the clinical and epidemiologic
data of blood group antibodies fit with the
concept of a natural antibody. The finding
in this study that levels of anti-A and
anti-B agglutinins in group 0 subjects are
highly
antibody,

correlated, suggests a natural
rather than equal stimulation
Similarly,

the repeated observation that levels of

with two different antigens.

blood group antibodies tend to be familial
fits with an hereditary characteristic,
rather than with environmental antigen
exposur9.24’25 The finding by Savolainen®®
of different blood group antibody levels
led him
The
finding of different globulin levels
of

Caucasian ancestry again suggests an

in Finnish and German soldiers
to postulate a racial difference.

in American Negroes and Americans

hereditary rather than environmental effect

27
on globulin.

None of these observations is conclusive
as to the "natural™ or "acquired" charac-
teristics 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 constitute hereditary or
environmental influences.
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SUMMARY

Blood group antibody levels were measured
in 526 irradiated survivors of the 1945
4 tomic bombing of Hiroshima and in 516
nonirradiated subjects. The study was
under taken in order to determine the age
in irradiated
as well as to

changes in antibody levels
and nonirradiated subjects,

investigate the pattern of blood agglutinin

for
The

levels in the Japanese population
comparison with that of Caucasians.
following observations were made:

1. In 475 people of group A, 228 of group
B,
levels of anti-A and anti-B antibodies were
virtually

and 339 of group 0, the mean serum

identical irrespective of the

blood group of the subjects.

2. the
titers of anti-A and anti-B antibodies were

In individual group 0 subjects,

very (correlation

-

highly correlated
coefficient of +.92).

3.
during a six-month period only,
October-March, in
antibody levels was suggested by signifi-

Although the observations were made
from
seasonal variation
cantly higher agglutinin titers recorded
during the winter months.

4. Females exhibited higher antibody
levels, although the magnitude of the
difference was small.

5 Peak antibody titers were reached at
age 20-30,
sion in levels with advancing age.

with progressive linear regres-
Peak
titers in early adulthood were 5-10 times
higher than those of the very elderly.

6. No correlation between blood group
antibody levels
detected, whether irradiation was rep-
resented by a) presence or absence of acute

and irradiation was

radiation symptoms in 1945, b) distance
from the hypocenter, or ¢) numerical dosage

estimate.

7. of tests of
physiologiec aging designed for detection of

As one of a battery

irradiation induced nonspecific aging
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R

1945 DR SR MEH 5264 % O JER IR &
516 il oW UMM AREMEMEL A, 20
AEIHE L -ERE BB LTV 2 ERE
ZHE T 2 MEERMOFESNELEZREL, T
HAEANEI—D42 AL omiEsEEEM> ik
HT3-DIIERBLAZLDTHS. BEORREIR
ROWEYTH 5.

1. AR 47574, BH! 2284, O 339%4C
DPUWTHELLZHER, MARUCHBHAO RS M
B ME MM 2 M b FHRA LR LETH-

2. Ao ORPEHEIZIDVTRSE , HA
KU BHMAEOFM iR TEEOHEBEZ R L
( PR R E+.92 ).

3. 00”53 CEN,E »AMOEET
Hold, BEFRMIMOFERICH LA
FOUTHBLILRWHEZEG LA LIZEIMHER
i ICIEFEMMNEEAFT L2 EL 6N

4. EROFRE L/ S 0H, HUEFEMILBME
N LD FEABV EFRADH LA,

5. MAFEMIN-NFTHEFHIZELE. 2
L% 2 E S O I & 38 128K E AR EYE 25l 5 7.
WMEMBIZIE T2 RMEIERENFINLD 5 —
BN 523D 7.

6. HAHERIEATE, a ) 19454F Mk o 20 B gt
BAEROBME, b) BOMED 6 O, /711
c) HEMBRL ENPLELTAHTE, MERHHE
HAli & FSTAR R AT & o M2 2l ZRAERE 3 R ok
Ao N A

7. BRAHRERGTIC & B FEREE A% IS (LA &
NE DIl S —ROEHEMINBRED 1



acceleration, blood group antibody levels
After age 30, the
linear correlation with chronologic age
is -.72.

seem of modest value.

8. 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, b) the peak
antibody level ocecurs at an earlier age in
Caucasians than in Japanese, and c¢) possi-
bly there is a difference in the type of
seasonal variation. It is not elear
whether these differences are related to
race and heredity or to external antigenic
stimulation with A and B antigenic materi-
als, but studies of blood group antibody
levels in different racial groups should
help elucidate the nature of these dif-
ferences.

2L LT, mMERRARMIIS 2BREMMEA S 3
LoLBbhs. 0FLUROESIZxT 5 EEME
Miz—.72 T&H 5.

8. HAANDMMBMEMAEEME, WELSh -
I—AHAANDZHELRBLEBAODZR IOV
THROZ EHFVZA, a) T—h4 2 ATIRHT
BHRFEMICHENTHARAKRMIZIE AADES
k@, b) MAEMAIBEEE LS ES T T -
AHANOEPHAEALDEW. ¢) WHIZIEE
B ESHOIIOWTEEVT H 3 » N A
INLDERFPABREOBEICEEYH 25, X
i2A, BHURME IZ & 3 IHOMBHIEO-RER 2 H
5PIEHET A VA, BE 5 2 AFEE O L#EDE
FMERFEST 32 L1, ThLoDEREIEDES
LEDTHAPEHLAIITE LIZENED2V DL
BEbhs.
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