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HEMATOLOGICAL FINDINGS FOR CHILDREN EXPOSED IN UTERO - HIROSHIMA

A TH®®R LUK

INTRODUCTION

Many hematological studies have been
conducted concerning the survivors of the
atomic bombs in Hiroshima and Nagasaki, but
since few have dealt with the children
irradiated in uterol™% this investigation
was focused on the general hematological
findings in these children. A group of
children exposed to the Hiroshima A-bomb
while in utero and a nonexposed group have
been examined yearly at the Atomic Baomb
Casualty Commission (ABCC) since 1950.
Hematological data obtained during these
examina tions form the basis of this report.

MATERIAL AND METHODS

The studies were initlated in 1950 on a
group of 205 children who were in the first
semes ter (first half) of gestation at the
time of the bomb (ATB) in August 1945. The
initial examinations on this group were
comple ted when the children were four
years six months of age and subsequent
examinations were conducted within two
weeks of their birthdays. In 1951, at age
five, 177 exposed children were re-examined,
and an appropriate nonexposed group of 177
was included for control purposes. In
1953, children exposed during the second
semes ter (second half) of gestation and
appropriate nonexposed children were added,
making a total of 527 subjects under study.
In 1955 the sample was enlarged to 1020 as
omissions were discovered in the 1list of
exposed children. This sample.was followed
until 1958. Not all of the children
in the sample defined at any given time
could be examined, of course, so that the
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number available for analysis is variable
and somewhat less than the total sample
sizes. In certain analyses reported here
data were obtained from another group of
children aged one to fourteen years ATB,
who also underwent periodic examinations in
another project at ABCC during the years

1951-58.

For purposes of analysis, the laboratory
values obtained during yearly examinations
at ages five to twelve were tabulated. To
de termine any differences due to radiation,
in some tables the exposed group has
been divided according to distance from the

bomb hypoecenter. The available evidence

TABLE 1
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NUMBER OF CHILDREN EXAMINED YEARLY FROM 1950 TO 1958 BY SEMESTER OF GESTATION ATB, SEX,

AND DISTANCE FROM HYPOCENTER

#1 1950—1958fE B FE Tk L Z REY, FEHFoEESEN & X CROM > 5 o B
GESTATION ATSB DISTANCE FROM HYPOCENTER
YEAR OF s TOTAL it = % 2
EXAM. 1 EXAMINED 5 18 5 4E 4R 1 Bt 5o SR

FIRsTT | secown} NON-

ﬂGEa“T @ at SEMESTER| SEMESTER ]Eé 15?2;9 zoggég 2533;9 EXPOSED
EXAM. °F Hil JiA % R

MALE B
1950- 51 5% 11 110 1 18 10 10 33 40
1851-52 6 141 127 14 18 12 10 3o 73
1852-53 7 127 115 12 13 T g 29 65
1953- 54 8 158 78 78 34 19 ] 52 42
1954-55 g 200 15 125 kY] 43 28 71 20
1955- 58 10 492 208 284 57 BD 53 107 248
1956-57 11 429 205 224 53 61 50 g2 173
1857-58 12 454 197 2457 54 70 54 103 173
FEMALE ¢

1850~ 51 5 106 105 1 13 1.2 18 29 36
1851-52 B 138 133 g 10 12 18 23 71
1952-53 7 128 120 B 9 12 15 26 B4
1953~ 54 B 134 73 g1 28 17 13 45 31
1854-55 9 185 15 110 az 40 40 58 15
1855- 56 10 450 188 262 40 58 63 92 187
1956- 57 11 KRR 181 202 3n 51 53 91 149
1957- 58 12 412 182 230 40 54 63 100 155

¢Examined within two weeks of birthday. In subseguent tables data collected

in examination cycles will
A column heading "1050°
‘1957 refers to July 18957

be referred
carries data covering July
through June 1958,

to by

the initiating year of each cycle.
1950 through June 1851;
steo.
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131957
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December 1945
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indicates that exposure beyond 2000 meters
was associated with minimal radiation,
probably less than 20 rads in air dose.
Table 1 provides a summary of information
on the number of examinees actually
available for analysis year by year, at the
time of tabulation in 1959.

Hematologic studies were performed by
s tandard methods used in the ABCC labora-
tory.as? Hemoglobin was determined by the
oxyhemoglobin me thod and sedimentation rate
by the method of Wintrobe. Stool specimens
were examined for ova and parasites by two
different concentration methods.

RESULTS

The small size of the samples necessi-
tated pooling the data of all years for the
analysis of radiation effect. Therefore,
the hematologic data of the entire gréﬁb
are discussed first in order to detect
changes occurring with time, following
which are presented specific analyses
of the material relating to radiation
exposure.

LEUKOCYTE CHANGES.
means of Fisher's analysis of variance
technique revealed significant variation by
year of examination, but not by semester of
gestation or by sex (except in erythrocytes
and sedimentation rate). As shown i1in
Figure 1 and Table 2 the mean white cell
count of the children fell progressively
from 1950 to 1957 with the most striking
change occurring in the earlier years.
Study of the individual cell types revealed
that only the eosinophil level fell
disproportionately from 1950 to 1957. The
other cell types, as indicated in Figure 1,
showed no appreciable change in their
relative proportions. The absolute fall
in eosinophils from a mean of 820/cu mm in
1950 to 270/cu mm in 1957 accounts for
20 per cent of the total mean leukocy te
decrease of 2800/cu mm recorded during
these years.

Preliminary analysis by
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FIGURE 1 YEARLY CHANGE OF LEUKOCYTE LEVEL IN UTERO SAMPLE, SEXES COMBINED
M1 AMERs#EOFREL (BLEH)
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AGE AT EXAMINATION R OER

TABLE 2 DIFFERENTIAL LEUKOCYTE COUNTS PER CUBIC MILLIMETER BY AGE, SEX,
AND YEAR OF EXAMINATION

£2 M, EHPLIUREEENOAMERSE, 1om® 49 O MERE

YEAR OF* .. .. TOTAL CELL TYPE [ 2 4 48
EXAM 5 LEUKOCYTE
AGE'AT NEUTROPHILS|EOSINOPHILS | BASOPHILS |LYMPHOCYTES| MONDCYTES
EXAM. T8 at 4F o 2R IF B 2R i i Ak o siER gk
MALE 5
1950 5 §750 4360 770 B0 060 480
1951 B 8730 4440 750 B0 2860 600
1952 7 7690 4130 540 70 2350 600
1953 8 7410 4080 500 70 2220 550
1954 g E960 3740 430 ] 2230 510
1855 10 5900 3710 400 60 2200 530
1956 1 6430 3370 400 90 2090 480
1957 12 8260 3360 290 a0 2080 460
FEMALE
1850 5 8380 4760 870 70 3210 490
1951 8 9090 4410 870 60 3150 500
1952 7 7980 4270 590 B0 2500 560
1853 8 7550 4080 530 60 2330 540
1054 9 6690 3490 440 50 2240 470
1855 10 6740 3580 360 50 2270 470
1858 11 6280 3340 350 80 2070 450
1957 12 65340 3500 240 80 2080 440
#See footnote Table 1.
#1 oHiEsEMR



The change in leukocyte level represents
a general shift in the entire distribution
of values rather than a decrease in the
number of subjects with leukoeytosis or an
increase in the number with leukopenia.
This fact is best i1llus trated by the
observation that the probability dis-
tribution curves for 1953 and 1957 are
parallel (Figure 2).

HIMERE O ZEIE, AMRE D56 &k s
LTFNAZDTH - T, HIMEREEAE O FIERE D
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FIGURE 2 DISTRIBUTION OF LEUKOCYTE COUNTS, 1953 AND 1957 SEXES COMBINED
Bd2 1953% & & 1957 £ p AMERE O3 (BLAF)
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REE o T T T T T T T T T EHMES L
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- E
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10 below B700 110
11 =
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B S ST AR s
2+ 42
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L 1 1 1 L 1 1
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LEUKOCYTE COUNT IN THOUSANDS
FlMEk# (B Ar1000)

A decrease in leukocyte count as children
grow older repeatedly has been observed®-11
but the rather marked changes observed in
this sample seemed more than could be
explained by age alone. In order to
determine the leukocyte changes due to age
alone, observations on the sample of
children under fourteen years of age ATB
were analyzed. These children were, of
course, of mixed ages at the time of
examination, but beginning in 1951 were ex-
amined annually. Mean leukocyte counts at

any time were found to be lower in older

i & CHmMERE AR T B
EXh TR, Zovy ThEE
nreFELOEMNRE, FROAIZEST
HTESREOLD T 2. EWAETIZES
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children, but in addition there was a
decrease 1n age-specific leukocyte levels
with time, These data for the years
1951, 1952, and 1953 are plotted in
Figure 3. From these data it has been
possible to adjust the leukocyte counts of
the in utero sample for changes attribut-
Figure 4 shows the
mean leukocyte count for the in utero
sample, adjusted to age ten, so that only
the variation associated with year of

able to years alone.

examination is depicted. A yearly decrease
is clearly present, independent of the
change in age of the children.

FIGURE 3

LEUKOCYTE COUNTS IN CHILDREN
AGED 1 TO 14 ATB SEXES COMBINED

M3 FREEH1IF—UFoORED
Ak (BLAEE)

—FEWMORBMOAMBRB AP EERD LT v 3.
19514, 1952 & X 1953 I> VT I Dz & %
FTF—952M31chdrFh. chboog Izk
> T, FEIERT2EMETZRT &5 BAY
YIVOPAMEBMEEETAI LN TESE, Zh
& o THRNY Y 7V oFankE o EEH%E
A2 FEBIOF I TAEICBRELTIRLLLEDON
MeThsd. REOFWMIZLIEMERILTE
FEREA DAL DPIZR LN S

FIGURE 4

LEUKOCYTE COUNTS, IN UTERO SAMPLE
ADJUSTED TO AGE 10

M4 FATHERLAZREODMERE,
FERLI0F oIz E

xio?
T T T T T T T T 10
- 43
FEMALE &
L 448
MALE
5
I 17
L 16
,

x10%

10 T T T T T T y T
9F 4
1951

=
1952
1 F -
1853
5 F -
-4
{ y
0 i L A 1 L L L 1
6

8 10 12 14 16 18 20

AGE AT EXAMINATION HEREOER

Why the leukocyte levels should decline
with time was not apparent, but the
concomitant fall in eosinophils sugges ted
intes tinal parasitism as a possible cause.
Therefore, the leukocyte counts of the
worm-infested children and the prevalence
of worms were studled (Figures 5 and 6).
The hookworm-infested children maintained
the higher leukocyte levels but the
prevalence of hookworm throughout the
entire period was low (2 to 4 per cent).
The prevalence of ascaris decreased year by

1950 351 52 53 54 55 56 57

YEAR OF EXAMINATION fREFME

A ANBEPEBEFEETFTLEZA2IEIAHTH S
P, FEEREARFETLTVWEZE 2L, B
AELRBEPEELIEEEDNS. 5T, F
ERBEREOAMNBRE S X UFERRBEELR
LA (K5, 6). F_fEBRBEREREIZoL
T3, AMBRKIIE@EZRL TN, £ O/EE
Rz EzB TR (22054 %) . W



FIGURE 5 TOTAL LEUKOCYTE AND EOSINOPHIL COUNTS IN WORM INFESTED CHILDREN
BIS FHERIGAE R o MmERE S L U EER
x103 LEUKDCYTE EIIMER EOSINOPHIL IF®esk i
10 T T T T T T T T T T T T T T T 14
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FIGURE 6 PREVALENCE OF PARASITES IN CHILDREN BY SEX, AGE, AND YEAR
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year but the leukocyte levels in the
ascaris-infested children were almost
identical to those of the entire sample,
Therefore,
explained by worm infestation,

the leukocyte decline is not
and the
vearly change in eosinophil counts is not
explained by intestinal parasitism.

A similar decline in leukocyte levels of
adults in Hiroshima and Nagasaki also has
been found.12

YEARLY CHANGES IN RED CELL INDICES AND
SEDIMENTATION RATES. Little fluctuation
was noted in the mean hemoglobin, erythro-
cyte and hematocrit levels for children
(Table 3). The

general levels were very similar to those
8,13

from ages five to twelve

noted in other groups of Japanese
children and may be slightly lower than
comparable values in children in the United
States, 9, 14,15

were similar,

Data for boys and girls
since only after puberty

are sex differences in hematopoieéis

noted, 14,15 Despite a marked improvement

in economie status in Japan during the
earlier years, the hemoglobin value
remained virtually constant at a level
generally accepted as normal for children

of this age.

TABLE 3

RED CELL INDICES AND SEDIMENTATION RATES BY AGE, SEX,

E:R0)
@ 1 MER B

mkggbf ==
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B oRNO 2, 3FECHEAOREFREDE
LOWKRELN S - 2D Th3HFMEERTZOER
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AND YEAR OF EXAMINATION

£3 M, EWmrIUBAEFEENORMDLEEH L 5 U2 R Bk EEE
YEAR OF® 4. (ERYTHROCYTE|HEMOGLOBIN | HEMATOCRIT MCV MCHC SED  RATE

EXAM. v mn® gEm % % cH [ mm/hr
AGE AT ooy : | : = = | PERMER | CPiEF MR i MLER

EXAM. i If Bk mesEg |~ F7 s H 23 EERE o

MALE 43
1850 g 4,24 12,2 - - - -
1851 8 4.24 157 3g.2 9p. 3 30.7 9.9
1852 7 4.20 12.0 3g. 9 92.5 i0.8 1.7
1953 8 4,22 12,0 39.2 93.2 30.6 8.0
1854 9 4.23 12.0 39.1 92. 6 30.6 9.0
1955 10 4,31 12,2 19,7 92,1 30.0 9.0
1958 B 4,27 12. 4 39. 4 82. 4 31,4 9.3
1857 12 4.30 12.4 38. 6 81.8 31.5 8.7
FEMALE 7

1950 5 4,18 12,1 - - - -
1851 B 4.22 11.6 38. 4 91,4 30. 4 15.8
1852 7 4,16 12,0 38.5 92.7 31.2 19,
1853 B 4.18 1.9 3. o 93.2 30.7 15.8
1954 9 4.20 11,8 38.9 92.8 30.7 14,3
1955 10 4,29 128 19.8 92,2 30.8 14,2
1956 1 4.22 12,2 38. 0 92,7 3.4 14,2
1957 12 4.24 12,3 3g. 2 92. 5 31.4 13.5

*See footnote Table 1.
£1oHEEMW



Sedimentation rates were significantly
higher in girls than in boys. Although
the sedimentation rates for hoth sexes
tended to decrease somewhat with age, the
magnil tude of the sex difference did not
change appreciably. This suggests that the
well known difference in sedimentation
rate between males and females is related
to some factor other than active sex
hormone production. Similar findings
have heen reported for American children

by Hollinger. 16

CHANGES IN HEMATOLOGIC VALUES IN RELATION
T0 EXPOSURE IN UTERO. A gross comparison
of hematologic data first was tried but
showed no significant differences among
exposed under 2500
meters; exposed beyond 2500 meters; and
not exposed.

three exposure groups:

However, such a comparison
might fail to provide adequate evidence
of a radiation effect even if present,
since those under 2500 meters were exposed
to dosages ranging from more than 700
rads (air dose) at 1000 meters from
hypocenter to less than 20 rads at 2000
meters from hypocenter. Therefore,
actual distance from hypoecenter or an
estimated dose, if available, 1s much
to be preferred as the independent variable
of analysis.

One difficulty in such analysis is
the imbalance in the sample subdivisions
by dis tance and year. Disregard for
such imbalance could exaggerate the
contribution of the smaller subsample.
Therefore, the analysis of radiation
effect was made on a balanced subsample
which necessitated dropping some children
from the analysis. A comparison of
the excluded and the selected cases as
to leukocyte, erythrocyte and hemoglobin
values suggested no serious bias. This
subsample consis ted of 63 children who
were exposed during the first semester
of gpestation and examined in the period
1950 through 1957.
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FIGURE 7 SCATTER DIAGRAM OF HEMATOLOGY DATA, EXPOSED IN UTERO,
MEAN OF EIGHT EXAMINATIONS PERFORMED DURING 1850-57
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Figure 7 exhibits the leukocyte, erythro-
cyte and hemoglobin values of each child in
the subsample by distance from hypocenter.
Although a number of observations were
repeated for the above period, one point
is plotted for each child as a mean value
of deviations from the year-and-semester-
specific mean values, No correlation with
distance is evident by inspection or
sugges ted by an analysis of variance
technique, i.e., the change associated with
distance is compared with the individual
variation within distance groups.
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As far as the period 1950-57 is concerned
no positive effect of radiation was
revealed. It is worthy of note that this
analysis does not exclude the possibility
of a radiation effeect of a temporary nature
The sample
is too small to warrant analysis for any
but a general effect over the period
1950-57.

perhaps in the earlier years.

DISCUSSION

This study of hematologic values of
children irradiated in utero was under taken
primarily to ascertain whether complete
recovery of the hematopoletic system had
Rapidly growing fetal tissues
are particularly radiosensitive, but the
hematologic findings in the irradiated
children were not different from the
control group five to twelve years after
the atomic bombings. m

occurred.

Therefore, it seems
reasonable to assume that complete hema to-
poietic recovery did occur.

Overt anemia was rare in these children,
but the general distribution of hemoglobin
levels was slightly lower than those
reported for American and European children
of comparable age.g’14’17 This absence of
anemia is remarkable because several
factors might be expected to lead to iron
deficiency anemia in Japanese children:

a. Iron defieciency anemia ocecurs in
perhaps one fourth to one third of
Japanese women of childbearing age.

b. Malnutrition was common, particu-
larly in the A-bombed cities for several
years after the war.

c¢. Although hookworm was found in only
2 to 4 per cent of children, other
intestinal parasites, particularly
ascaris, were prevalent.

Another general observation of interest
was the fact that the mean leukoeyte levels
of the children were found to be steadily

decreasing. Leukocyte levels normally
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decline as children age, but a greater
than physiologic decrease in mean leukocyte
counts occurred in all groups studied. A
similar decline in total leukocyte count
has been noted in Japanese adults examined
at ABCC.
the degree of intestinal parasitism and the
By 1957 the
distribution of leukocyte counts in the

No correlation was noted between
decline in leukocyte levels.

Hiroshima children was distinctly lower
than that reported for Japaneseg’ls’lg’lg
and American children.?>11:17  qnis decline
of total leukocyte count might be the
result of increased use of drugs,
and antibiotics,
bacterial infection,

of viral infection,

chemicals
a lowered incidence of
a higher incidence
increased
At the
present time there is no proof that any of
It would be of
considerable interest to determine whether

or even
contact with ionizing radiation.

these are responsible.

similar shifts in leukocyte levels are
occurring in other countries throughout the
world. E
leukoeyte counts in Japan is of interest,
but similar findings in children of other
countries might enhance understanding of
this problem.

The etiology of the change in

SUMMARY

For children irradiated in utero and
nonirradiated children of Hiroshima
hematologic findings between the years
1950-57 have been compared,
peculiar to the irradlated group were
found.

and no changes

Desplte several predisposing factors
toward the development of iron deficiency
in Japanese children, overt anemla was
rare and distribution of hemoglobin levels
was only slightly lower than reported for
American and European children.

Leukocyte levels, irrespective of
age of the children, were found to be
progressively falling in Hiroshima children
so that by 1957 the values were distinetly
lower than those reported for normal
children in Japan and the United States.

No cause for this change was apparent.
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