- TECHNICAL REPORT
23-58
F

HEMATOLOGIC ST‘UD .‘S] OF IRRADIATED SURV!VORS
| a 5 Ros_::IMA "JAPAN .
;Mﬁuaﬁﬁwm&ﬁwmﬁ

Rﬁﬁuﬁﬁ&

o YOSHIM_ICHI mmsowa,‘ M.D.
UJWE#%JE '

REFRACTORY ANEMIA OCCURRING N SURVIVORS OF THE
) ATOMIC BOMBING IN NAGASAKI JAPAN -

ﬁﬂﬁk#&ﬂéf?%ﬂ'ﬁﬁﬂi#%k%i bfhiﬁﬁﬁﬁm




EDITOR'S NOTE
REBDEE

The ABCC Bilingual Technical Report series began in 1959. In
order that manuscripts which have never been published or are
availlable only in one language may be made & matter of record

" for reference purposes, the 1959 series is being kept open
and items will be added from time to time.
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HEMATOLOGIC STUDIES OF IRRADIATED SURVIVORS
IN HIROSHIMA, JAPAN

LEBCSF2REHBEFZOMRFEHOTR

YOSHIMICHI YAMASOWA. M. D. ¥
(AVR A -

The immediate effects of radiation injury upon
the hemopoietic system are well known, but few
such observations have been made on humans sur-
viving a single massive exposure. Snell, Neel, and
Ishibashi! initiated such a controlled study in
1947 on a group of subjects exposed to radiafion
by the atomic bombing of Hiroshima on Aug. 6,
1945,

The present report is a hematologic survey of
similar nature conducted from March, 1948, to
Febroary, 1949, on 824 irradiated subjects, resi-
dents of Hiroshima, and 1,145 control subjects,
residents of Kure. The studies reported on 304 of
the irradiated subjects represent a second examina-
tion, as the initial examination was included in the
report in 1947.% It represents a study of the
hematologic effects of radiation 33 to 44 months
after the explosion of the atomic bomb.

It is feit that no useful purpose will be served
by a review of the literature concerning the effects
of radiation injury on the hemopoietic tissues.
Snell and his associates! conclude from their chser-
vations made from 20 to 33 months after the deto~
nation of the atomic bomb that in view of the great
medical and civil disruption in Hiroshima after the
bombing, caution must be exercised in attributing
the slight recorded Chematological) differences to
the atomic bombing, although it seems possible

that irradiation was, to some extent, responsible.?

METHODS

Methods of case selection, examination of pa-
tients, laboratory methods, and statistical analysis
were identical to those employed by Snell and his
associates.?’ in their earlier report. In brief, irra-
diated subjects fulfilling the criterion of epilation
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A. M. A, Archives of Internal Medicine March
1953, Vol. 91, p. 310-314.

Copyright, 1953, by American Medical Associ-
ation.
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Table |. Hematologic Values for Exposed and Control Subjects for 1948-1949 Compared with Similar Data for 1947-1948°*%

E13E  1947—19484F % L TN1948~19405E DR E I OO IR BHE I IV B IS oo g

Con?rolpﬁSubg#ects Exposecll Suf%ects Dif ferencef f D,g,[ean
: Year Mean Mean + Error o t No. of Difference t
Observation # % H H e E‘%[ 4 %{E gs'f% /I\\T%I :Ep%f% ES'{% Dgereﬁce V?%ue Vaﬁ!ue ﬁpaim%{qzjg-%lil:t V?gue
E (] IHE (RS i iRl Zg [R 4 242 g E1E 2 [I=4
+ B + B HRORE il
Red blood cell count....ccoceeevianienins 1947~48 709 [4,604,000|+442,000 629 (4,521,000|4£501,000 +83,000 3.2 1.29 437 | 465,000 2.4
FrITER $ +17,000 £20,000 +26,000 +27,000
1948—~49 | 1,108 ;4,390,000 |% 385,000 814 (4,298,800 +400,000| +91,200 5.0 1.08 702 | -+49,100 2.7
+11,600 414,000 +18,200 +17,800
Hemoglobin, gm.f100 ¢ ....vvevennenns 1947~-48 912 | 13.14 +1.25 872 | 12.84 +1.34 | +0.30 4.9 1.15 447 | +0.26 3.5
JliRER=S +0.041 +0.046 +0.061 +0.075
1948~49 | 1,106 12.73 +1.078 814 | 12.64 +1.2100 +0.09 1.5 1.26 7027 +0.15 0.8
+0.032 £0.042 4+0.053 +0.179
Hematocrit reading, 2 ........ccocvnenl 1847~48 802 | 41.46 +3.60 757 | 40.98 +3.73 ] +0.48 2.5 .08 | o] ..
~=rz Ve r{E +0.13 +0.14 +0.19
194849 | 1,106 | 39.61 +2.96 814 | 38.93 +3.33 | +0.68 4.6 1.26 702 | +0.62 4.2
+0.089 +0.116 +0.147 +0.148 '
Mean corpuscular volume............... 194748 629 | 87.85 +6.90 546 | 88.34 +7.26 | —0.49 1.2 .11 .. e
P IMERE i +0.28 +0.30 +0.41
1948~49 | 1,105 | 90.49 +5.63 814 | 90.93 +6.28 | —0.44 1.6 1.24 704 | +0.22 0.8
+0.169 +0.22 +0.277 +0.267
Mean corpuscular hemoglobin......... 1947~48 708 | 28.74 +2.34 627 | 28.55 +2.59 | +0.18 1.2 1.23 433 | +0.21 1.8
Sy MR i fa 3R H +0.088 +0.10 4:0.16 +0.13
1948~49 1,104 | 29.06 +2.135 814 | 29.48 +2.265( —0.42 4.0 1.13 702 —~0.021 0.2
+0.064 +0.079 +0.102 -+0.107
Mean corpuscular hemoglobin 194748 665 32.10 +1.37 757 | 32.20 +I.43| —0.05 0.7 109 | .| e
concentration .........cceveieeinninnann, +0.053 +0.052 +0.074
L H= b
TS MR ME R 1948~49 | 1,104 | 3211 | £1.332] 84| 3242 | £1.392 —0.31 | 48| 1.09| 702| —o0.11 1.5
+0.040 40,048 40,063 +0.074
Plasma protein, gm./100¢c ....ccoiuuus 194748 912 7.59 +0.500 872 7.65 +0.549] —0.06 2.4 1.21 443 ¢ —0.021 0.8
IMHEHEE +0.017 +0.019 40,025 +0.028
1948~49 | 1,110 7.43 +0.522 814 7.39 +0.554 +0.04 1.9 1.13 702 | +0.05 2.0
+0.015 +0.019 +0.025 40.025
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‘White blood cell count.......cuveevnans
B R

Neutrophiles, 25 ....coevivrerniariarionenn.
2

Lymphocytes, 25 ...coovviiininnininanna:
Y v zw'Ek

quocytes, Db weinenarineianianienyeainanaas
®

Eosinophiles, 2 .cvcciiiiiininrinnnncnnn

i =S

Basophiles, 25 ....cevcvrimmiemianicnianianns
IFEEER

Reticulocytes, 95 ...cccirinienimiinninennn,

BRI MR EL

1947~48

1948~49

1947~48

1948~49

1947~48

194849

1947~-48

1948~49

1947~48

1948~49

1948~49

1947~48

194849

707

1,096

707

1,112

707

1,112

707

1,112

707

1,112

1,112

133

624

9,903
+101

9,476
*77
54.96
+0.35
53.48
+0.342
29.40
+0.28
29.10
+0.261

6.36
+0.085

7.00
+0.087

8.93
+0.26
10,39
+0.26

0.91
+0.023

0.89
£0.03

0.76
+0.020

+2,603

+2,565

+9.35

+11.4

+7.54

+8.72

+2.26

+2.90

£7.02

+8.66

+0.775

+0.38

+0.504

645

824

637

815

637

815

637

815

637

815

815

120

433

9,847
+122

9,605
+112
54.96
+0.39
53.37
+0.406
28.01
+0.31
28.66
+0.302

6.33
+0.093

6.68
+0.109
10.76
+06.32
11.63
+0.34

0.81
£0.023

0.96
+0.04

0.83
+0.028

3,100

+3,240

+9.94

411.60

+7.89

18.66

+2.35

+3.11

+7.97

+9.96

+0. 667

+0.49

+0.586

+56
+ 160

—129
£137
0.00
+0.53
+0.11
+0.530
+1.39
+0.42
+0.44
+0.400
+0.03
+0.13
+0.32
+0.139
—1.83
+0.41
—1.24
+0.434

+0.10
£0.033

—0.07
+0.05

—0.07
+0.034

0.6

0.9

0.0

0.2

3.3

1.1

0.2

2.3

4.5

2.8

3.0

1.4

1.8

1.32

1.6

1.29

1.32

1.35

1.66

1.35

455

713

432

707

432

707

432

707

432

707

707

336

+20
+170

—148
+£159
—0.59
+0.64
+0.51
+0.59
+2.02
+0.48
+0.44
+0.438
+0.02
%0.14
+0.14
+0.168
—0.99
+0.47
—~1.26
+0.512

+0.20
+0.043

—0.05
+0.042

c.1

0.9

0.9

0.8

4.2

1.0

0.1

0.8

2.1

2.4

4.6

1.2

* The values for 1948-1949 are from the present study; those for 1947-1948 are from Snell, Neel, and Ishibashi. !
1948~ 1940E Dz SEOWIE TE- LD TH 5, 1947~19482E0 3 D% Snell, Neel 35 LTEBY OWFE L2 bD0TH 5,



were selected at random; a control group, residents
of Kure, was selected by similarity of age and
sex to the exposed group. Results were compared
not only in terms of the mean values for the two
populations but also in terms of the mean differ-
ences between randomly established pairs of similar
control and epilated subjects. Once a pair was
established, the same pair was retained for all
subsequent statistical analyses. A brief history and
physical examination were obtained on each subject.
A hematologic study employing standard techniques
and including red blood cell count, hemoglobin
determination, white blood cell count and differ~
ential count, volume of packed red cells, red blocd
cell indices, reticulocyte count, and determination

of total plasma proteins, was carried out.

AT O ARSI R A BT 25,
@ Snell LD FEAERM Lic, MitiTfi~s &, KE
FLATHBERORRE L, RS0 BiNe T
W, SR EEER L UHERIRER B D AT
HRARHORESHSBAE, HlC LTk
22D AREHOREELEAENIEE LD 20D
3, HE S L AERERON RE L ERICESE
T« OEARTIsit  MFEEM R EO i L Tic-
tie —HB ShifauIRkE cEsh, 20
BOTRCOMEHMITC A SN, RN Gam
oW TR B MRS & SR AT Ty, BT
X DRI oHRMBRE, meHEE, SmElk, gl
HOBES, ~< b7 Uy M, FRIOERFRE, ik
MERE, MEREREE Y © IRt » T »
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Table 2. Relation Between Distance From Hypocenter of Atomic Explosion and
Hematologic Findings : Comparison of Mean Values According to Distance

F2F] OIS HoBEREE MR R & OB, S2E{ED BN bk

Distance from Hypocenter ZELET X b oPERE
Observation #f 25 1 H Cases, Cases, Cases,
' No. | o0~1tm | No. | 1~2k | No. C?Eﬁﬂ
FEIEL Enei [ T
Red blood cell count, millions............... 107 4.235 524 4,289 186 4.356
PRIERY  (BEALI00TF) +£0.04155) +0.0175 +0.0267
Hemoglobin, gm./100CC....ccovvimiiviinnnnreenns 107 12.77 524 12.63 186 12.61
mnfa i +£0.143 £0.050 +£0.093
Hematocrit reading, 2 ...coovevveeeeeeeeenvenenn, 107 39.27 524 39.02 186 38.62
~Thrz Uy M £0.387 +0.143 +0.234
Mean corpuscular volume......ovvevieerevaninees 107 93.03 524 91.27 186 88.85
SR iR o +0.730 +0.262 +0.422
Mean corpuscular hemoglobin..........c...c... 107 30.29 524 29.53 186 29.00
IR A3 40.243 +£0.002 +0.173
Mean corpuscular hemoglobin or | 82.50 524 | 32.36 186 | 32.52
_ i T I TR SRR 40,148 10,080 40,106
ST IIUER I S PR
Plasma protein, gn./100 €€ ....ooviiviuisiirnran 106 7.37 522 7.38 186 7.42
MiEE= +0.059 +0.023 40.041
Lettcocyte COURL ...vvviiveieririneirnenersrasranrens 108 9,750 530 9,400 188 9,721
B MmERK +355 +128 +202
Neutrophiles, 25 ccoiiiiviiiciecieciiccrevrensen. 108 54.55 525 53.30 185 53.09
1 BR +1.154 +0.480 40,902
Lymphocytes, 25..cciiiiniiciiiniinniriciecinnns 108 27.57 525 28.52 185 29.77
Y v o3ER +0.872 +0.355 +0.706
MONOCYLES, 25 veveevrirevirinrvsserincrnsnniennnnens 108 6.94 525 6.70 185 6.51
MU +0.257 4+0.143 +0.214
Eosinophiles, 25 ...coveviiiiiiniienierinniannen. 108 11.74 525 11.79 185 10.33
B LR +0.961 +06.410 +0.676
Basophiles, 25 ....ooiviiiniiniiniiiiini s 108 0.75 525 0.81 185 0.72
YT ER +0.059 +0.028 +0.052
Reticulocytes, 5. ...ccivervcremrmrarearreniareanies 68 0.96 279 0.80 §8 0.77
AR R TR +£0.097 +£0.031 +£0.056
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RESULTS AND THEIR INTERPRETATIONS

The results are presented in Table 1 and Table
2. For the purpose of comparison, data from Snell’s
work have been incorporated in Table 1. Table 2
shows the relationship between the distance from
the hypocenter of the atomic bomb explosion and

the mean hematologic value.

When Table 1 is examined from a statistical
point of view, a significant t value or F test® is
found in the 1948-1949 study in the red blood cell
count, hemoglobin determination, hematocrit reading,
mean corpugcular volume, mean corpuscular hemo-
globin, mean corpuscular hemoglobin concentration,
total white blood cell count, monocyte count,
eosinophile count, basophile count, and reticulocyte
count. In addition, in 9 of the 13 comparisons
made, the differences between the control group
and the exposed group were in the same direction

‘ in tite 1947-1948 group and the present study. The
variability of the findings is greater in the exposed
group. It can also be seen from Table 1 that
certain changes in the values have been found be-
tween the 1947-1948 and 1948-1949 groups. Among
the most notable is the fall in the mean red blood
cell counts, the hemoglobin values, and the hema-
tocrit readings during the inferval between the
studies. However, a fall of similar magnitude in

these same values is found in the control group.

It should he stated that, in general, hematclogic
data do not lend themselves well to stalistical
analysis, particularly when the errors in the hema-
tological methods employed are considered. It has
been stated that the red blood cell count carried
out by traimed technicians may show a variation
of as much as 16%. Even the most favorable
estimates of accuracy permit an error of at least
4% when the count is performed by the same
technicians on the same sample of blood.?’ Permis-
sible errors of accuracy of this magnitude make
the interpretation of slight statistical variations of

hematologic values extremely precarious.

An examination of Table 2 will show that when
the values for the exposed group were compared
by distance from the hypocenter, 10 of the 14

HAERRECICER
UL, BIERICE2RICF LR TH D,

B, Snell oBUSLH 130ICR Lic, #1238

i, ROE T H oM & IR R ORHE L ©
MFREE =T

21 FoR AN A R BBk L TR B &, Rl
S0 JRMERE, Mok, ~< b2 vy ME Fi5
MERes R, PR, DR, sPHmRmeasR, £
IR EFRME, FIEREY, MR, FER. K
FERRG L OB IMIREGC 38T 5 £ 7 A FERUF &
FEE? TERETCANOELT LTy DH, BE, H
Bea it o R13EE T 9 IR E T\ T, RTERE L HR
FEoMC Lo 5ERE, Snell S0 - SEOH
Hio R TR AR L5, FTROEHL
BRI TR E Y, I 13A bIE, 1947~19484
& 1948~19494E D iz Al 4« D fEiT HBEE DI LA
CTe5 o EaDs o Ealks,. oo 20005
orhElc: Ui & 0 2 bR gy, e
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Tetit BRI S RO WP R bh b
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Fic o oREOHEENENS B ow, MERHEED
eI o THR-SH I B THE TH bh
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comparisons show regular progression either from
the smallest to the largest mean or from the largest
to the smallest mean. This represents twice the
number of such patterns that could be expected
by chance. However, on closer examination from a
clinical hematologic point of view, inconsistencies
in the progressions are found. The mean red blood
cell count rose as the distance from the hypocenter
increased, but the volume of packed red cells fell.
The mean corpuscular volume also fell but not in
proportion to the changes occurring in the red cell
count and hematocrit readings. This would seem
to indicate that the changes encountered have no

hematologic significance.

The most striking feature of these data as
presented is their uniformity. While it is possible
that irradiation is responsible for some of the
slight changes reported, the comparisons do not

reveal significant trends in hematologic values.

SUMMARY AND CONCLUSIONS

This report is a hematologic survey conducted
33 to 44 months after the detonation of the atomic
bomb in Hiroshima, Japan. The hematologic
findings on a total of 824 survivors are compared
with those on a control group of 1,145 residents of
Kure. Although statistical differences are apparent
in the two groups, when one takes into account
errors inherent in the hematologic methods them-
selves and differences in the possible incidence of
parasitism and nutrition it would be unwarranted
to attribute the slight changes found to radiation
effect.

The data presented here seem fo indicate that
radiation resulting from the explosion of the atomic
bomb in Hiroshima, on Aug. 6, 1945, has not signi-
ficantly varied the hematologic values as analyzed
in this report over a three-to four-year period.

WA L TWA Z LA A THA D THILS
DL 5@ MERIE S THA STRIED 218 TH 5.
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BE, ZOEMCRTEAYTEDBRD, FHFRINER
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BRI ERTR LT LREEND,

= ZICIR A B OG5 LY, £ o—BkE
ThhHe TG Uik, baBERY
HEMAPERTED 3 HThE L, HERRGOKE,
M3 R Vo R e (R 2 TR T 2 N CH
%o

ERM TR

AMGEY, REBCR\THEIR3: A bddn Bl
D AT » 2o MEEFITRERE TH 5. BR824 4
O RS T  D IRt R %, ML LR
R 1145 R DRTHOBESO LI E IR Lic. W%
DEc B ER S B Tikds B Y 4 g
Hoketi AR BRI devr S BEA AiiE, ¥ ik dr e g
OTEMECHFIBRBR BT 2 RBEE LAh D &,
o O TR A FIR S i il 2 B RS B
HRMERT LM

= SR Lo ERkhT Lhuel, 1945%E 8 B 6 H R
ORI X S BIEL, = oM ET A EFTEREL
fok 5, 3w L4 4R, MMBmEfcE R
EERE L Twien R B g,

References

2 % X ®|

1) Snell, F. M., Neel, J. V., and Ishibashil, K. : Arch. Int. Med. 84 : 569, 1949.

2 ) Vaues for t in excess of 2.0 indicate differences significant at the probability level of 95%; values
in excess of 2.6, differences significant at the 992 probability level. Values for T in excess of
1.16 indicate differences significant at the probability level of 95%; values in excess of 1.24,
differences significant at the 9925 probability level.

3) Berg, W. N. : Am. Rev. Tuberc. 52 : 179, 1945, Berkson, J.; Magath T. B., and Hurn, M. : Am.

J. Physiol. 128 : 309, 1940.

(6





