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SUMMARY

A brief review was made of the findings of studies
conducted to date at ABCC on the late effects
observed in children exposed to the atomic bomb
while in utero.

Radiation effects noted to date in children heavily
exposed in utero include: (1) delay of growth and
development including height and increased frequency
of microcephaly; (2) increased mortality, especially
infant mortality; (3) temporary supression of antibody
production against influenza; and (4) an increase in
the frequency of chromosomal aberration in peripheral
lymphocytes. However, there has been no increase
observed to date in the incidence of leukemia and
cancers. Furthermore, no effect on reproductive
potential nor on the sex ratio of their offspring was
noted.

However, very careful and long-range follow-up
observation should be continued since the in utero
exposed subjects have recently reached the re-
productive and cancer age.

INTRODUCTION

ABCC in collaboration with JNIH is conducting a
long-temm follow-up on fixed populations of atomic
bomb survivors for late effects of A-bomb radiation.
As shown in Figure 1, a sample of approximately
110,000 persons has been followed since 1950 in a
mortality study of A-bomb survivors, and pathology
studies are being made on autopsies obtained for
deaths occurring in this sample (autopsy rate
20%-40%). Further, the ABCC-JNIH Adult Health
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Study, a program of detailed biennial examinations
on a subsample of 20,000 members from thispopulation
was begun in 1958, and is presently in the 8th cycle
of examinations. A brief summary of the main findings

obtained to date on A-bomb survivors follows:

(1) The increased incidence of leukemia among
A-bomb survivors is well known, and although the
risk of leukemia has decreased with the lapse of
time since the peak in around 1950-52, it is still
higher in the group exposed to high doses of 200 rad
or more as compared with the controls.

(2) The risk of cancers other than leukemia has
shown an increase since about 1960-65. To date,
an increased risk has been demonstrated for cancers
of the thyroid, lung, breast, and salivary gland;
and

(3) Except for cataracts, no disease besides
leukemia or other cancers has been noted to be
particularly related to A-bomb radiation, and there
is in general no definite evidence of accelerated
aging due to radiation.

Studies of in utero exposed children are also in
A fixed population of 2600 subjects is
being followed for deaths as shown in Figure 1,

progress.

and in addition, a program of detailed clinical
examinations has been conducted. These are
described in detail later. Children born to A-bomb
survivors also are being investigated, and in
addition to the mortality study on a fixed population
of some 53,000 children born to A-bomb survivors,
various genetic studies have been made, but so far no
apparent genetic effects due to A-bomb radiation
have been found. Among the various effects that
A-bomb radiation have on man, this report deals
specifically with the details of those in children
exposed to the bomb while in utero.

STUDY SAMPLE

Children born to A-bomb survivors during a period of
approximately 10 months after the bomb (August
1945 - May 1946) were defined as children exposed
in utero. For the establishment of the study sample,
ABCC investigators made field surveys on all
children born in Hiroshima or Nagasaki City between
August 1945 and May 1946, based on information
from birth reports, to investigate the exposure status
of thier parents, particularly their mother. All
children proximally exposed in utero within 2000m

from the hypocenter were included in the study sample,

and comparison groups with equal numbers of children
as the proximal group were drawn at random from
among those exposed in utero at greater distances and
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FIGURE 1 SAMPLE FOR THE STUDY
B1 xS

109000

A-Bomb Survivors

Life Span Study Sample
{Mortality, Pathology)

Adult Health Study Sample
(Clinical Examination}

Children of A-Bomb
Survivors

those not exposed (not in Hiroshima City or Nagasaki
City at the time of the bombs). A supplementary
source of cases was the in utero exposed children
born outside the city and seen at ABCC in the
clinical medical program. The sample for the
mortality study totals 2600 subjects as shown in
Figure 1. Apart from this, ABCC had conducted
since around 1952 a clinical medical study on in
utero exposed children selected from various sources.
Annual detailed examinations were made, particularly
through the ages of 10 to 19 years. Approximately
half of the subjects in the aforementioned mortality
study sample were also included in the sample of

this clinical medical study.

MORTALITY

An analysis limited to those in utero exposed
children enumerated from birth records among the
aforementioned 2600 subjects of the In Utero
Mortality Study sample has been made. ! The
nonexposed children were excluded since a previous
preliminary study had shown that the distribution of
concominant socioeconomic factors which tend to

markedly influence mortality, particularly infant
mortality, differed between the in utero exposed and
nonexposed children, but not between the various
The
number of subjects in the analysis was 1073 in
Hiroshima and 219 in Nagasaki.
death was considered to have been virtually complete
through check of the koseki. In the event of death,
the cause of death was transcribed from the vital

statistics death schedule.

distance groups of in utero exposed children.

Ascertainment of

F, Study Sample
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TABLE 1 MORTALITY OF IN UTERO EXPOSED CHILDREN BY RADIATION DOSE AND AGE AT DEATH, 1945.69
Fol MEHNEBREOECE: HEBRGEEE L UFECIFSEEY, 1945—694F
Dose (rad)
Age at death Statistic Total
0-9 10-39 40-179 180+ Unknown
All ages Observed death 196 117 27 32 18 2
Q/E .98 79 1.15 1.71 .52
Sample 1292 795 223 180 68 26
Under 1 Observed 104 60 11 19 13 1
0/E .95 61 1.26 2.14 52
19 Observed 70 45 13 9 2 1
O/E 1.03 1.05 .95 .70 68
10+ Observed 22 12 3 4 3 0
O/E .89 .74 1.45 2.89

A total of 196 deaths was found during the period to
December 1969. These subjects were divided, as
in Table 1, into four groups by the dose
received by their mothers, and the expected number
of deaths, standardized for and age,
calculated based on the assumption that there is no
difference in mortality by dose. The ratio of obsetved
a kind of
the mortality

shown

5€X was

to expected deaths represents,
relative risk.

therefore,
As shown in Table 1,
increased with dose throughout the entire study period
from 1945 to 1969. This increase in mortality with
increasing dose is marked in infants under 1 year of
age, but is not observed at ages 1 to 9, and is again
observed at ages 10 and over. Analysis of mortality
by cause of death showed no cause to be particularly
increased, except for perinatal deaths. There was
only one death due to leukemia and two deaths from
neoplasms other than leukemia. This is very close
to the mortality for all Japan, and shows no relation
to maternal exposure dose.

By trimester of gestation at time of exposure, there
is, as shown in Table 2, a remarkable increase in
mortality with dose only in the group exposed to
A-bomb radiation in the third trimester in utero.

It might have been expected from the viewpoint of
radiation biology that radiation effects on mortality,

if any, would appear more strongly among those
exposed in the early stage of gestation. Actually,
however, the effects are stronger in the third

trimester (Table 2). The following two major reasons
can be considered for this. First, this may have been
due to the process of selection, resulting from the
high rates of spontaneous abortions and stillbirths
following exposure of fetuses at early developmental
stages. Second, the body of the mother provided

shielding, and it is possible that the penetration
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TABLE 2 MORTALITY OF IN UTERO EXPOSED CHILDREN BY RADIATION DOSE AND TRIMESTER, 1945-69

F 2 MPNHBEOLT R HERE

£ UCHEHE 3 4 H 950, 1945— 694

Dose (rad)
Trimester Statistic Total
0-9 10-39 40-179 180+ Unknown

1 Observed death 53 35 4 11 3 0

O/E 1.05 47 1.54 1.23
11 Observed 78 50 11 10 5 2
O/E 1.09 .85 79 1.09 1.15
I Observed 65 32 12 11 10 i]

O/E .79 .96 1.38 2.88

factor for maternal tissue differs by the trimester of
gestation,
progress in methodology of dosimetry. 12

A more definite answer must await

Mortality, especially infant mortality, can be strongly
affected by factors other than radiation exposure,
such as birth order, maternal age and socioeconomic
conditions. Hence, information on these factors was
obtained from birth records and from a mail question-
naire survey to see whether these factors were
dissimilarly distributed among the dose groups.
However, no differences were found in any of these
factors except birth weight.

Accordingly, the increase in mortality with increasing
maternal exposure dose is not due to these concomi-
tant variables. An association between mortality
and dose was seen again at ages 10 and over, but the
number of cases is small so that further follow-up is
needed to determine the association with causes of

death and other factors.

LEUKEMIA AND C ANCER

Of the 1292 children exposed to the bomb while
in utero, there was one death from infantile cancer
during the first 10 years of life. This is very close to
the expected value of 0.75 calculated from the infant
cancer mortality for all Japan (Table 3).2

Stewart et al reported a high incidence of infant
cancer in children whose mothers received X-ray
irradiation during pregnancy, and state that 572
extra deaths from cancer can be expected per million
person-rad. In calculations using their value, there
should be 36.9 deaths from cancer in this sample, but
this is not consistent with the actual data. Further,
only one death from leukemia was found during the
first 24 years of life in this sample, and this is
nearly the same as the average rate for all Japan.
Thus, so far there has been no apparent tendency for
cancer or leukemia to be increased in the children who
were exposed to the bomb while in utero.
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TABLE 3 OBSERVED AND EXPECTED DEATHS FROM CANCER IN 10 YEARS FOR IN UTERO EXPOSED CHILDREN

#3 JENBBRREOERIOEMOBIZL 3 OMEHE & WiEE
Maternal No. of Maternal L Cancer Deaths Under 10 Yr. SR
Dose (rad) Children Person-rad Japanese Extra at 572
Observed National Per Million
Rates Person-rad
<1 551 (] 0.32
1-39 467 5495 1] 0.27 3.1
40-299 215 22699 1 0.12 13.0
300-499 17 6739 0 0.01 3.9
500+ 16 29557 0 0.01 16.9
Unknown 26 1] 0.02
1292 1 0.75 36.9

Total

On the other hand, however, the risk of leukemia and
cancer has been found to be especially high among
those A-bomb survivors who were exposed at younger
ages of 20 and under.3 In view of this fact, careful
follow-up should be continued hereafter because the
in utero exposed children are now 26 years old and
will be entering the so-called cancer age.

GROWTH AND DEVELOPMENT

A medical sample of in utero exposed children were
examined annually through the ages of 10 to 19.
There was no remarkable increase in the frequency
of diseases except for disturbances of growth and
development such as small head circumference.

The frequency of small head circumference
examinations through 1956-65 (i.e., ages 10-19) and
the number of persons who also had mental retardation
are shown by matemal dose in Table 4.4 Head
circumference was defined to be small if, on one or
examinations, it least 2 standard
deviations below the average for the age and sex of

at

more was at
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TABLE 4 FREQUENCY OF SMALL HEAD CIRCUMFERENCE BY GESTATIONAL AGE AND EXPOSURE

#F 4 DNEHAE OB GRIRERER B & O R R R
Gestational Age

Dose Hiroshima Nagasaki

e 0-17 wks 184 0-17 18+

0-9 41)*/63 6% 4/65 6% 0/1 -% 0/9 -%
10-19 6(1)*/54 11 0/44 0/7 0/6

20-29 6/24 25 1/14 7 0/5 2/7 29
30-39 4/8 50 0/10 2/4 50 0/6

40-49 3/11 27 0/6 0/6 0/3

50-99 A2%/20 45 2/24 8 0/9 0/11
100-149 2/4 50 0/10 0/2 1/5 20
150+ 5(5y/13 38 1(1)*/8 13 H3+a 89 2(1)%/9 22

* Also had mental retardation



the subject, and was on all previous and subsequent
examinations at least 1 standard deviation below
the average. Mental retardation was judged by
clinical examination and history, and was diagnosed
only if so severe that the subject was unable to
perform simple functions.

Although the number of cases is small, the subjects
were separated by city and by gestational age at the
time of the bomb, that is, whether under or over
18 weeks of gestation, and especially marked effects
are seen in the group exposed at under 1B weeks of
gestation in both Hiroshima and Nagasaki. The
Hiroshima data show an excess in the frequency of
small head circumference even in the group whose
mothers were exposed to comparatively small doses
of 10-19rad. On the other hand, in Nagasaki an
excess becomes apparent from the group exposed to
150 rad or more. In both Hiroshima and Nagasaki,
many cases in the group exposed to high doses of
150 rad or more also had mental retardation.
Particularly, in Hiroshima, all cases with small
head circumference in this dose group had mental
retardation.  Radiation apparently causes general
cell depletion of the brain in the developing fetus,
with secondary small head circumference. When
depletion is great enough, mental retardation occurs.
With less depletion intelligence is within nomal
range.

The difference in the dose effect between Hiroshima
and Nagasaki may be ascribed to the following two
reasons. Iirst, the quality of radiation differed in
the two cities. That is, aside from gamma rays,
neutrons accounted for more of the radiation in
Hiroshima than in Nagasaki. Moreover, the biological
effectiveness of neutrons is greater than that of
gamma rays. In other words, the difference between
the two cities may have occurred because the RBE is
greater than 1. Second, although many other factors
besides radiation can affect the growth of children,
such as malnutrition or severe illness, one can easily
imagine that factors accompanying the socioeconomic
confusion immediately after the bombs would have had
greater effect in Hiroshima because the bomb was
dropped in the center of the city in Hiroshima, whereas
it was in the suburban valley of Urakami in Nagasaki.
The effects of low dose in the in utero exposed
children of Hiroshima seen in these data may not be
directly applicable to medical irradiation of mothers
during pregnancy. This is because in A-bomb
exposure the neutron influence mentioned earlier
cannot be excluded and the influence of environmental
destruction may have been present.

Due td’ the small number of cases, estimation of the
RBE of neutrons is difficult from these data, but the
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estimated RBE of neutrons for leukemia and malig-
nancies other than leukemia has been suggested to be
approximately in the neighborhood of 5 in A-bomb
survivors. 3

Next, the relationship between frequency of mental
retardation in the in utero exposed children and
exposure dose will be described.” In this case, a
child was judged mentally retarded only if he was
unable to perform simple calculation, to make
conversation, to care for himself, or if he had been
institutionalized. The frequency of mental retardation
is shown by dose in Table 5. The frequency of mental
retardation among the various dose groups was
examined using the proportion to cases with mental
retardation (0.6 %) among 830 Hiroshima children and
246 Nagasaki children in the nonexposed and distal
group, and it was found that the risk is increased at
doses of over 50 rad in Hiroshima. In Nagasaki, on
the other hand, an elevation in risk becomes apparent
from the high dose group exposed to 200 rad or more.
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TABLE 5 PROPORTIONS OF CASES OF MENTAL RETARDATION BY GESTATIONAL AGE AND EXPOSURE
#5  CAEERG OB G AEIREE A B & U R R

Gestational Age

Dose _ ~—

{rad) Hiroshima Nagasaki
<15 15+ <15 15+
0-9 1/36 3%  2(1)%/109 2% 0/1 -% 0/10 %

10-49 2(1)%/64 3 0/125 0/16 - 0/29

50-99 3(1)*/16 19 0/31 0/3 - 0/17
100-199 AL*/11 27 1/18 0/3 - 0/10
200-299 2/4 50 1/4 1{1)%/2 50 0/3
300+ 2/2 100 0/4 1/3 33 2/4 50

* Mental retardation apparently not due lo in ulero exposure

Further examination by gestarional age under or
over 15 weeks clearly shows, though the number of
cases is small, a greater effect at under 15 weeks of
gestation.

The development status in height and weight will be
described next. The cumulative percentages of
height of the in utero exposed children of Hiroshima
at age 17 years have been plotted on nomal
probability paper by dose in Figure 2.6 The standing
height measurements of the proximal exposed in utero
subjects are distributed in the lower range as
compared with the controls. The results of measure-
ments at age 10 years likewise had shown lower
values for these subjects than for the controls.
However, neither the difference in the measurements
between ages 10 to 17 for the same subject (i.e., the
absolute value of the development attained in 7 years)
nor the annual optimal growth rate show any relation
to exposure distance. That is, a child exposed
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FIGURE 2 STANDING HEIGHT AT 17 YEARS OF AGE BY EXPOSURE
DISTANCE, FEMALE
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proximally in utero is smaller than his control ar the
age of 10, but the rate of his growth in the subsequent
7 years is normal and shows no difference as compared
with his control. Hence, the subject in consequence
shows a lower value for height than his control at
the age of 17 years when growth has been practically
completed. However, since no systematic measure-
ments were made before these subjects attained
the age of 10, it is unknown at what age the
difference in development by expesure status had
occurred.

IMMUNE ANTIBODY

It has been demonstrated in animal experiments that
there is a suppression of immune antibody production
by irradiation. Studies have been made conceming
influenza to determine the effects of radiation
exposure on immune antibody production in children
exposed to the atomic bomb while in utero.’

The antigenic composition of the strain of influenza A
virus varies by time, the PRg and Weiss strains of
Type A virus being prevalent before 1946, and FM1
strain of Type A1l vimus between 1946 and 1956,
and Type A2 vims (Asian type ) from 1957. Based
on the doctrine of original antigenic sin proposed by
Francis et al (i.e., the theory that man continues to
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FIGURE 3 ANTIBODY RESPONSE FOLLOWING ASIAN INFLUENZA
VACCINATION

3 Asia By 70T s FrBEERORERE

Heterotypic response

Homotypic response

% %
30+ / 90
I:[ m m
| % = =
/ :
20| / 80 1 %
/ :
o |
10 % 70 | %
: / |
B .
0 - 7 f ol (77|
A Type A, Typs A':‘T";Ze
barbor tedtibodise Sugainse el winis SRS dnds TERMCERL £ Vicus M+ 35K E 2 0% T 5 &

infection) an attempt was made to determine how high
the antibody level was to Type A1 virus (FM1 strain),
which had been the virus of primary infection in the
in utero exposed subjects, by inoculation with Type
A?2 virus vaccine, that is, a heterotypic antigenic
As shown in Figure 3, the antibody
response to Type Al virus (FM1 strain), the virus of
primary infection, is lower in the proximally exposed
in utero subjects than in the controls.
antibody production against Type A2 virus does not

stimulation.

However, the

differ significantly by exposure distance. That is,
although antibody production against influenza may
have been temporarily suppressed in the proximally
exposed in utero subjects, it is apparent that, after
the lapse of some 10 years following exposure, the
antibody production has completely recovered with
no difference from the controls.

CHROMOSOMAL ABERRATIONS

The frequency of chromosomal aberrations found in
the peripheral lymphocytes of in utero exposed
subjects is shown in Table 6.8 Examination of
100 lymphocytes of each subject had been made.
Comparison of the group exposed to moderate doses
(24-85rad) and the group exposed to high doses
(104-477 rad) with the control group (nonexposed
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TABLE 6 CYTOGENETIC FINDINGS AMONG THE IN UTERO EXPOSED CHILDREN

6 NEWEBR s 3G EEMNRR
Estimated Total Cells Survivors with No. of
Dose (rad) Survivors Examined Aberrant Cells* Aberrant Cells*
Control - 48 4678 2 4%) 200,04 %)
Exposed 24-85 20 2000 3(15%) 30.15%)
104477 38 3643 15(39%) 19(0.52 %)

*Including dicentrics, rings, fragments, and translocations.

group) revealed that the frequency of subjects with
chromosomal aberrations (dicentrics, rings, fragments,
translocations) increased with dose as compared with
the rate of 4% in the control group. The frequency
of cells with chromosomal aberrations was likewise
increased in the higher dose group as compared with
Thus,
although they have no clinical abnommalities, some

the frequency of 0.04% in the control group.

in utero exposed subjects show abnormalities at the
level of chromosomes in somatic cells. However, the

clinical significance of this finding is unknown.

REPRODUCTIVE POTENTIAL AND EFFECTS IN
THE OFFSPRING

In animal experiments sterility has been observed
among male mice exposed to radiation during fetal
life, and total sterility (all animals incapable of
reproduction) has occurred after doses of 600 rad
or more.

Persons exposed in utero to the A-bomb in Hiroshima
and Nagasaki have now reached the ages of 26-27
years, so that a study could be made to determine
whether such effects are present or not.

The marital status of the subjects in the mortality
study sample described earlier and the sex ratio of
their 0ff5pring9 are shown in Table 7. Approximately
15% of males and 45% of females are married, and

4%-8% of males and 20%-30% of females in the
groups exposed to 10rad or more have children.

There is no total sterility in the 10rad or over
groups, for children have been bom to even those
exposed to high doses of 100-199rad, 200-599 rad,
and 600 rad or more. 10 However, further observations
should be made because data are still insufficient
to evaluate whether or not there is any difference in
the frequency of sterility by exposure dose.

Meyer et al reported a higher rate of male births
from mothers who received prenatal medical X-ray
exposure within 30 weeks of gestation,!! but there
seems to be no difference in the sex ratio of offspring
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TABLE 7 MARRIAGES AND OFFSPRING OF IN UTERO SAMPLE BY RADIATION DOSE
AND GESTATIONAL AGE AT EXPOSURE

#£7

HE PR o SR O RE AR AR &5 & ST flL

BB R & & TR B

Gestational Age

Sex Statisties T65 Dose <10rad T65 Dose 10+ rad

0-14 15-26 27+ 0-14 15-26 27+

Male Number of Subjects 183 183 126 99 103 63
Married % 13.7 18.6 175 8.1 12.6 12:%
With Children % 7.1 11.5 10.3 4.0 6.8 7.9

Children Male 8 15 11 2 8 2

Female 8 10 6 3 1 3

Female Number of Subjects 205 207 169 86 100 a0
Married % 45.9 45.9 43.8 31.4 41.0 52.2
With Children % 24.9 24,2 21.3 20.9 23.0 31.1

Children Male 28 32 22 14 11 18

Female 30 25 19 a 15 15

of children born to pregnant mothers exposed to 10 rad
or more as compared with those exposed to less than
10 rad (Table 7).
children

That is, the in utero exposed
seem to show no change in reprodyctive
potential nor any genetic effects as represented by
sex ratio of their offspring. However, very careful
observations should be continued since the subjects
have only recently reached the reproductive age.

The above is a brief description of the findings
obtained in studies made to date at ABCC on children
exposed to the A-bomb while in utero.
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