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DECLINE OF BLOOD LEUKOCYTE COUNTS
BoDEXHOOR D

1947-59
1947 —59 %

HIROSHIMA AND NAGASAKI

K B

INTRODUCTION

In 1956, Suzuki, Yano and Wald reported a decline
in blood leukocyte counts in Hiroshima during the
previous 9 _',-'eau*s.l'2 These observations on persons
examined at the Atomic Bomb Casualty Commission
{ABCC)revealed a change in leukocyte values not attribut-

able to exposure-to the 1945 atomic bomb.

The present study extends the analysis to include
material from Nagasaki as well as Hiroshima, and con-
siders other epidemiologic factors that might influence
leukocyte counts.

METHODS

Records of continuing ABCC clinical examinations in
Hiroshima and Nagasaki from 1947 to 1959 were the
sources.of data for the present report. These examinations
occurred under ABCC projects HE-67, ME-55, ME-74,
ME-83 and ME-200. Although small changes were made
from project to project, the subjects for the present study
The
first group consisted of survivors who were within 2000 m
from the hypocenter at the time of the bombs (ATB).
According to 1957 estimates, radiation dose was less
than 20 rad beyond that distance.® The second group
consisted of survivors who were beyond 3000 m ATB and
included some persons who were not in the city ATB,
but who either entered the city in 1946 or later, or who
lived in nearby communities.

were randomly selected for two comparison groups.

The number of examinations by year, city and project
are shown in Table 1. Some specific analyses are based
on a random subsample of 600 Hiroshima subjects for
each year from 1951 to 1957 balanced as to sex, age
and distance from hypocenter.

Sample members were selected without respect to their
medical status at the time of their clinical examination.
For leukocyte counts, venous blood was diluted with 1%
acetic acid in a graduated pipet and placed in a Neubauer
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TABLE 1 NUMBER AND MEAN VALUES, BLOOD LEUKOCYTE EXAMINATIONS 1947-59 BY ABCC PROJECT, YEAR AND CITY
%1 BIMEREEEO ML > FHE, 1947 -594: ABCC 73t - 5 - ZhiHl

Praject %% 3t 1947 48 49 50 51 52 53 54 55 56 57 58 1959
Hiroshima [5 8
HE-67  Number # 611 1145 444 309 378 673 666
Mean gy 8930 987D 9040 7640
MES5  Number # = : . 588 4881 3855 2725 972 1010 536 6
Mean BHy - - : 3 6860*  6180%  5770* 5340t 548071

ME-74 Number

431 2455 1530 1406 1794

Mean Fiy 5970  5740*  5730*  5640°  5830f
ME-200 Number % 1805 2209
Mean ‘F1y 6320
Nagasaki
MES55  Number # 3 : : 47 265 1093 194
Mean Fiy - : : 4200 7890 7150 6680
ME-83  Number 2876 4135 2303 553
Mean Fig - . - S~ 7490 6600 6630 6400
ME-200 Number % 214 571
Mean FH 5730
Total # 611 1145 444 944 5424 4621 7392 7462 4843 2485 1800 2019 2780
#Based on subsample of 600 600 @ BI4% 4 1= 3 ¢ WALD? IBM Tab. 826, 960, N327, N378
1Based on subsample of 300 300 ¢ FI#E A& (2 & <
hemocytometer. Blood smears were prepared by cover- ZBWTIT o 7. MHERERAIE /-5 2ikET
lass and push-smear methods. Specimens were drawn : 7 S 3 =, .
e e sV A AT Bk TO o k. OHEAELED
at various hours of the day and during all seasons of :
the year. BEMAMELE, TR 1B0Hs SR HEMER TV,
RESULTS B R

Annual Leukocyte Count Values Mean leukocyte counts
by year for Hiroshima and Nagasaki are shown in Figure 1.
In Hiroshima, the mean value progressively declined from
about 9900 permm® in 1948 to 5500 in 1954. The
significance of the decline between 1951-56 was sub-
stantiated by analysis of variance shown in Table 2.

In Nagasaki, fewer data were available for earlier years,
but a similar decline was seen. Mean values were
significantly higher than in Hiroshima for each year
from 1951 through 1956 (P = <.001) but were similar
in 1958-59.

Analysis of variance of leukocyte counts in Hiroshima
by distance from hypocenter, year, age and sex indicated
that the difference by exposure to radiation was not
significant (Table 2).
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TABLE 2 ANALYSIS OF VARIANCE, LEUKOCYTE COUNTS, HIROSHIMA
#2 AMBHOLERSH, LE

Source of varia;i-nﬁ Sum of squares Degree of Mean square
it 2 dH Freedom T 2 F
10° units SRS 107 units
1951 - 53 %
B gedi Wi s R 65.10 4 16.27 4.9%*
Bt BE o s G R R e TR 0.76 1 0.76
Year of examination MR EMS 442 .69 2 221.34 66.4%*
Distance from hypocenter #.0H 4 & o0 36 ... 10.27 1 10.27 3.1
tInteractions L EH B «covveernmsminnnisnisnsnssinisansnen 179.59 51
Residual 3% ; 5782.82 1740 3.33
TOETRIE oo syersiiosincs 6841.23 1799
2 e T R S N 43.03 4 10.76 3.2%
S B i e 29.34 1 29.34 £ e
Year of examination F FEFEEH . 22.80 2 11.14 3.3*
Distance from hypocenter #§.0 M & & o BB .. 11.42 1 11.42 3.4
tInteractions FEFER i 27148 51
Riesidual B i i S s s ' 5148.44 1520 3.39
117 0:] B ) R P R e e P 5525.99 1599

FIGURE 1 MEAN TOTAL BLOOD LEUKOCYTE COUNTS, ABCC PROJECTS 194759 BY YEAR AND CITY
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Age and Sex Mean leukocyte counts by age and sex for
1951-53 and 1954-56 for Hiroshima (Figure 2) showed
only a slight and irregular tendency to decline with age.
Mean leukocyte values for males were slightly higher
than for females. However, these differences were too
small to account for the decline.

Distribution of Leukocyte Counts The distribution
curve of leukocyte counts for 1951-53 was similar in
shape to the curve for 1954.56 (Figure 3). The leukocyte
counts in 1951 and 1953 were compared for a subsample
of 100 Nagasaki subjects who were examined in both
years, vielding a correlation coefficient of 0.27. This
gave no indication that those with higher leukocyte counts
in 1951 had higher values in 1953 or that the same
subjects had lower counts in both years. These results
suggest that the decline in leukocyte counts was not due
to the disproportionate influence of a subgroup of the
samples studied.

White Blood Cell Type Mean leukocyte counts for
principal white cell types are shown by year in Table 3.
In Hiroshima, all of the principal cell types, except
monocytes, declined. The fall in neutrophils was especially
pronounced. The results in Nagasaki were similar.

FWELUME 1951 -53E L 19M -S6HEOILEO T s
FUMERPE QMR 2 )iz, EEAINbEIZoh
T hbTFr o bHEmA AT 630, BUWEEED
Hhiwv, Bolrhankktkorhilobiyricg
v, Lal, ZoEFshe T (AnKELE N
THET A LT E L.

EMEHOST 1951 - 53 @ FUMERE © 5 1 dh#1L,
1954 — 56fE iR & AT T o 22 (B03 ). 19514 & 19534F
OFEICOMERMEE £S04 100 A\OREALL LS
Bor@EiconTlE L AN, 2 OREERIZ0.27
Tk ot ZhE, 19514 IIEE A T L 0 ATI953 TR
LEEEETRLAL I ZLEREDTLOTHLEL, &
ZuidFE CHMmEFNEE L CREET LI Z L
REbTEoTHEY. ThooERIE, 9LkEoM
LHMENRE LARERO S AR EORFOETIZL -
TR FAEOTEVWI LA RETS.
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TABLE 3 MEAN LEUKOCYTE COUNTS 1951-56 BY CELL TYPE, YEAR OF EXAMINATION AND CITY
%3 TFHHAMmERE, 1951 -564E: B - MREFEE - &g

Year

Cell type 1951 1952

1953 1954 1955 1956

R A Cells % Cells

%

Cells % Cells % Cells % Cells %

Total WBC/mm? & (1 M ER¥ /o ....o. 6860  100.0 6680

Standard Deviation 8 4 i 3% 2170 1880
Neutrophils  4F g 3790 55.3 3730
Sh... 1220 1240

Lymphocytes ' ¥ #3BR s 1970 28.7 1910
=18 P e L b T et 66O 660

Monoeytes 470 6.8 460
200 200

Eosinophils  $FBIE i HED 8.5 530
B rciorans e i chni i eeuaes 510 450

Total WBC/mm? 45 ¢4 M ERE mo® oo 7890 100.0 7140
Standard Deviation £ #i{id 2 1820 1820
Neutrophils — 4F 1 8% 4030 51.1 3800
Lymphocytes 1 » 42 ... 2490 31.6 2190
Monocytes  HiER 450 5.7 440

Eosinophils  1F s Bk 860 0.9 680

100.0

28.6

6.9

5.0

100.0

53.1
30.7
6.2
9.5

Hiroshima ER

aT80 100.0 5740 100.0 5900 100.0 5640 100.0
1610 1850 2400 1380
3250 56.2 Erail 57.0 3220 54.6 3130 55.5
1130 1150 1200 1160
1670 289 1650 287 1850 31.3 1750 il
610 590 580 590
410 7.1 420 7.3 460 1.8 450 7.9
190 180 200 220
4140 7.1 360 6.2 330 5.6 270 4.9
390 360 310 270
Nagasak 5
6650 100.0 G600 100.0 G640 100.0 B30 100.0
1820 1800 1820 1830
3540 53.3 3580 538 3550 535 3410 53.4
2140 32.2 2070 311 2210 33.3 2180 34.1
380 5.7 450 (] 370 5.6 3z2n 4.9

540 8.2 480 7.4 460 .0 460 T2




FIGURE 2 MEAN LEUKOCYTE COUNTS, 1951-53 AND 1954.56 BY SEX
AND AGE AT EXAMINATION, HIROSHIMA
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FIGURE 3 DISTRIBUTION OF LEUKOCYTE COUNTS 1951-53 AND 1954.56, HIROSHIMA
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FIGURE 4 PREVALENCE OF STOOL HOOKWORM AND ASCARIS OVA BY SEX AND YEAR, HIROSHIMA
B4 iR s & U R0 R . R K
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FIGURE 5 MEAN LEUKOCYTE COUNTS, SUBJECTS WITH STOOL HOOKWORM OR ASCARIS OVA
BY YEAR OF EXAMINATION, HIROSHIMA
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Relationship to Diagnosed Diseases Diagnosed diseases
with prevalence rates greater than 1% from 1947 to 1950
in Hiroshima and Nagasaki were observed to see if
yearly frequencies declined as did leukocyte counts. The
only maladies exhibiting progressive reductions during
this period were hookworm and ascaris intestinal diseases
(Figure 4). However, when persons with and without
evidence of these parasites in the stools were compared,
mean leukocyte counts were almost identical (Figure 5).
While progressive reduction of these intestinal parasitic
disorders may account for the decline in eosinophils, such
a decrease would constitute only a small part of the
decline in the total leukocyte counts. Thus, the evidence
failed to relate decline in leukocyte counts to any of the
more commonly diagnosed diseases.

DISCUSSION

The observations reported here confirm the earlier
report of leukocyte decline in Hiroshima from 1947 to
1954 and show that a similar phenomenon occurred in
Nagasaki. Several possible factors have been investi-
gated and cleared of a responsible role: exposure to the
atomic bombs, age, sex, and commonly diagnosed diseases.
These results are in general agreement with those recently
reported on 866 children who were in utero ATB in
Hiroshima.*

The distribution curve for leukocyte counts was similar
in shape for 1951-53 and 1954-56. This suggests that
the effect is not due to the disproportionate influence of
a subgroup, but is characteristic of the whole population.

The progressive decline in leukocyte counts appears
to have begun in 1948 in Hiroshima and prior to 1950
in Nagasaki, but data for previous years were not sufficient,
especially during and immediately after World War II,
to permit accurate placement of these points. Nor is it
clearly evident that leukocyte counts are no longer
continuing to decline. Year of onset and year of
termination of the decrease in leukocyte counts may be
important in at least two ways: such information would
permit comparison with leukocyte counts of populations
elsewhere during the same period and might provide clues
to time-related causal factors.

Data from various areas of the world, including Japan,
are not strictly comparable, mainly because reports on
large groups have centered on normal values, excluding
persons with demonstrable disease. Nevertheless, it is
noteworthy that mean leukocyte counts elsewhere in
Japan (Tables 4,5), prior to 1945 were 7200 to 9900,
whereas since 1948 they have apparently declined from
7300 to as low as 5500.%*
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TABLE 4 REPORTS OF MEAN LEUKOCYTE COUNTS IN JAPAN, BY YEAR AND INVESTIGATOR
F4 HARLZHTAZTHAMBRECET 285 FrF - 2

Year Mean Subjects Investigator
I3 Leukocyte counts HE:HH 5k o
EHE MR
1914 7900 96 Kusama® E M
1923 8200 145 Asakawa® S|
1924 8700 100 Negishi® Mo
1924 7500 114 Masai® E#
1925 7740 71 Kura® f
1928 7200 125 Kitajima® 1t B
1929 9900 114 Tadara® EANE
1943 7200 188 Miyazu® w o
1944 7555 81 Nakayama?  # 1l
1948-49 7330 200 Ishikura'? oM
1954 6130 301 Osamura” o i
1954 6600 9654 Komiva et al'® 4 5
1954 5860 133 Egashira® A
1955 6470 147 Egashira® IO
1957 5570 £ " 87 Egashira’ i
1959 5995 257 Osajima'® A -
1959 6565 700 Senda'® T oM
1960 6875 750 Senda'® T m
1960 6115 115 Kumatori'® % 1

TABLE 5 MEAN LEUKOCYTE COUNTS 1954-57, AGE 16-40, BY REGION AND SEX
#5 TFHEHMERE, 1954 -574, 16-408%: Mk - #5)

Region i &5 Male 3 Female 4
Hokkaido 488 oo 6120 6630
Tohoku BAE oo, 7250 7390
Kanto BHE .oonnmni 6430 6840
Chubu #8# ..o 6780 6500
Hokuriku JtpEE . 6480 6570
Kinki. 3/ # ....... 6750 6730
Chugoku th[F .ooooevnnnnn, G080 6210
Shikoku ] ...oovvvervenen. G080 6100

Kyushu L oo T410 7300

Komiya et aJ‘ln



A significant difference in leukocyte values was seen
between Hiroshima and Nagasaki. Komiya et al' have
reported geographic differences within Japan in the
leukocyte levels of normal subjects for the period 1954-57
as shown in Table 5. Values for Hiroshima and Nagasaki
are in good agreement with those reported for their
respective regions, viz., Chugoku and Kyushu. When
compared with normal mean values in Western countries,
the leukocyte values in Hiroshima and Nagasaki were
distinctly higher from 1947 to 1950 but lower since 1950.
This suggests that not only ‘antileukocytosis’ but alse
‘leukopenogenic’ factors have been operating.

Speculations on the responsible factors have included
increased exposure to drugs, other chemicals, sources of
ionizing radiation other than the 1945 atomic bombs, and
changing prevalence of undiagnosed infections.*'' No
documented evidence as yet supports any of these
conjectures.

The biological significance, including the possible
prognostic importance, of the lower range of leukocyte
values in the residents of Hiroshima and Nagasaki is now
being investigated.

SUMMARY

Earlier reports of progressive decline in leukocyte
counts in Hiroshima from about 1948 to 1954 have been
confirmed. A similar phenomenon has been observed
in Nagasaki.

Analysis indicates that this decline in white cell count
with time is not related to exposure to the 1945 atomic
bombs, to sex, to age, to commonly diagnosed diseases,
or to the disproportionate influence of a subgroup.

The principal white cells affected were neutrophils,
lymphoeytes and eosinophils. The precise etiologic factors
accounting for the decline, and the biological significance
of the present lower range of leukocyte values in Hiroshima
and Nagasaki remain to be determined.
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