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HEMATOLOGICAL FINDINGS IN HIROSHIMA AND NAGASAKI
ATOMIC BOMB SURVIVORS: A 10 YEAR REVIEW

LE- RBEATORRBREFEICEIT S
mMEZHOFRR: IEMOBE

NIEL WALD, WAYNE E. TRUAX, MARY E. SEARS, GEORGE
SUZUKI AND TSUTOMU YAMAMOTO & H5*

Investigations of the hematologic status of the
survivors of the atomic bombings of Hiroshima and
Nagasaki have been carried out by various staff
members of the Atomic Bomb Casualty Commission
for almost ten years. Since this study period began
after the immediate, acute effects of the bombings
had subsided, any positive findings related to
radiation exposure may be termed delayed, long-
term or chronic effects. This does nof imply
chronicity of exposure, however, since significant
radiation occurred in one instaneous dose.

Both negative and positive findings resulting from
these investigations concerning leucocytes, erythro—
cytes, and platelets have been brought up-to-date
for summary at this time. Particular emphasis has
been given té investigations performed by the

present workers.

LEUKEMIA

Seventy-nine ABCC confirmed cases of leukemia
have developed in persons exposed to atomic
bombing and who were living in Hiroshima City at
the time of diagnosis. Similarly, 39 cases have
occurred in Nagasaki City. There are additional
cases arising in people who were exposed and later
moved to other parts of Japan. However, these
cannot be used in compiling data concerning the
incidence of leukemia since such case reporting is

erratic and incomplete.
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ZEREOMEL, WEIER AR AEFTAS
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Reprinted by permission from proceedings of the 6th International Congress of the International Society
of Hematology, August 27-September 1, 1956. New York, Grune & Stratton Co., 1958, pp. 382-9. )
% Atomic Bomb Casualty Commission, National Academy of Sciences—National Research Council,

Hiroshma, Japan.
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The incidence of ABCC confirmed cases in
Hiroshima City since 1947, as of 1 Jnly 1956, was
1:480 in persons exposed within 2000 meters from
the A-bomb hypocenter, and 1:4050 in those beyond
2000 meters. In Nagasaki City, as of 1 January
1956, the incidence in those within 2000 meters was
1:410 and in those beyond, it was 1:5420 (Table 1).

19474 LARE ABCC TREE S e IB B HIC ki 5 B3
DOFERIT, 19564E 7 A 1 BELE, BOHAH2000m
DI OBEBECH TR 12 480 T H, 2000m Ll
DEIRETBWTLL 050D EIEGTH - 1o, BET
CHEWTIXI64E 1 A 1 BHETE, 2000m AP OBRE
Tl 5 3AESRT 1 2 410, 2000m BIEOFEBEIC K
WTiX 1l 54200 &G THo 7o (F 1),

Table 1. Leukemia Incidence*®

£ 1 AluFzEER
Hiroshima (to 1 July 1956) Nagasaki (to 1 Jan 1956)
_ JRE; (1956£7 A1 A% T) Fley (1956%£ 18 1 H¥ T)
Distance from hypocenter (meters) |~ Population Cases Population Cases
BRIEEE (m) 1954 estimate |  fEf] | 1950 Census = {5
19544F Number| Ratio 19504 Number| Ratio
HEgtAR # =R EHREARD H®R -
Under 2000 LUF 30,217 63 1:480 8,260 22 1:410
Over 2000 JLJ.J:‘ 64,801 16 1:4050 86,766 17 1:5420
Total £t 95,018 79 95,026 39
* Since 1947.
19474 LA
Table 2. Leukemia Cases Verified at ABCC Estimated Year of Onset
#g& 2 ABCC THER S hicEIMIFHE G b UM HEE Bn e
Year Hiroshima City Nagasaki City Total
T N I T a8
1945 0 1 1
1946 0 0 0
1947 3 2 5]
1948 7 2 9
1949 5 I 1 6
1950 6 b 11
1951 1% 7 18
1952 11 6 17
1953 10 3 13
1954 8 16
1955 4 11

An attempt was made to determi.ne the year of
onset of the leukemia cases verified by ABCC, using
historical, physical and laboratory findings. The
rate of occurrence of new cases has increased since
1950 and has shown no definite evidence of decline
as yet. The apparent decline in 1955 is probably
due to delay in diagnosis and reporting of new
cases (Table 2).

¢2)

I « BESHTRL » ESARBEEHT IC 255\ C, ABCC
PHERR Lt ER B0 SRR DR A B E 2o, TRE
DRARITII0ELIKAM LI b, 284305 h L
foAOEEITEbR T ey, 19554 T — R
LTWA X3l 5a%, ZHUTHEES OZH i bor
fcEEN L cd EBbhE (E2),



A correlation is being attempted between imme-
diate post-radiation leucocyte levels and the eventual
development of leukemia, under the leadership of
Dr. George Jacobs. The inadequacy of identification
of persons from whom the early data was collected
makers this difficult. Thus far, the early counts in
4 leukemia cases have been determined.

There has been no apparent difference between
the exposed and non-exposed in types, frequencies
or courses of leukemia. Common types, in order of
frequency, are chronic granulocytic, acute granulb-—
cytic and acute lymphocytic leukemia (Table 3).
Response to therapy with 6-MP, prednisolone,
prednisone, Myleran and aminopterin has shown

no relationship to radiation exposure.

BRERORMRE & 0HRE LAl & o
B 4 RIEBADFAZ A%, BFE Dr. George Jacobs itk
DT T5, THOERINME DR & & o
ToA4DVES X5 KHETER W DBEEIL AT,
WETHHH, ChETOEI ARMF 4 HIZONT
D MEREL B LT 5,

BRE L FFEBEO Moz, BIUROR, RHHE
B, 7ruv LToERICAERITEV, FERGAh
DRE A BRI~ 5 &, BEREHE—, SR
t—, Ay vomEamFEchs (%3), 6-MP,
prednisolone, prednisone, Myleran 35 } {¥ aminopterin
R 5 RIS TS ER & olRIIED bhic
hro 72t

Table 3. Leukemia Type Incidence
® 3 AR REAE

Type Hiroshima Nagasaki Total

it ‘ IR Ey B} &%

Granulocytic total FAEIEREE &3 56 16 72
acute £ 16 10 26
chronic {24 36 42
unspecified FEEIAH] 4 0 4
Lymphocytic total ¥ v 2B &5 13 10 23
acute £ i 7 14
chronic {8 2 2 4
unspecified FEEIAH] 4 1 5
Monocytic total HiERYE & F 3 4 7
acute £k 3 4 7
Eosinophilic total {FfElE &3 0 1 A
acute &ff 0 1 1
Stem cell total ig#ifal: At 3 5 8
acute &g 3 5 8

Leucccytic alkaline phosphatase measurements—
(Kaplow; Wiltshaw and Moloney ) showed an average
““score” (Kaplow) of 66.4 in 50 supposedly normal
adults. In eight chronic granulocytic leukemia cases
a range of 0 to 13 was found despite adequate
remissions produced and maintained by Myleran.
Low counts occurred in three preclinical cases, also.
In five cases of acute granulocytic leukemia, high
alkaline phosphatase counts were obtained during
the period of prednisone therapy, with a subsequent

EMBRO7ALHVE7+ A7 7 & — ZIEM
(Kaplow, Wiltshaw %s 0% Moloney) (X1IEH £E % 6
R BRAS0EIZ I\ T F5fE (Kaplow) 66-4‘C'£-_='
oo BHEEEEME SN 8 GITiE, Myleran 52X Y
SR RTREAN R SR, MOT R LAt
SEEIZ 0 2 H13DGFEH TH - foo E AERFEIEO 3
FHicsLTLEGEEY FEbhl. 5 A0oRMAERM
B I75 3o $5\ » Tik, prednisoneic X 5 fAFEHIRH
E7As VT s A7 7 2= LELEH2 2D, 5B
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fall to low levels despite adequate remission of the
disease in three of the patients. Three polycythemia
vera cases had high alkaline phosphatase scores.
No relationship of alkaline phosphatase levels to

radiation exposure was observed.

Basophilia has been found consistently in the
chronic granulocytic leukemia cases including the

preclinical ones, and in the polycythemia cases.

PANMYELOSIS

In six years a total of 64 autopsies were performed
in Hiroshima in cases of blood dyscrasia. Fifty-six
were at first considered to be leukemia but on
review, 8 of them, 6 of whom were radiation-
exposed, appeared to have the diagnostic features of
panmyelosis (Black-Schaffer). Of these 8, there
were two with inconclusive and 2 with definite
characteristics of chronic granulocytic leukemia as
well (Table 4). Although the pathogenesis of this
syndrome is still obscure, it has been considered to
be a result of disturbed regeneration of previously

damaged bone marrow.

3ACFVTEBL D DB Licic b b,
FOBRKMEOTEY B, 3 A0S IUERSETIX
TAAHVEZ7+ A7 7 Z—EfiXEh2Tc, TAHY
7 A7 7 & —EH L EROTEDMITIZILA BB
FirED bRl fo,

FERFEFMOEE LS CRER R LFEER
T MFERF I, FANc{FEEENE» bh
ey

SRBERE

6 T IA B I 3\ TSR B A A 640 kR
AifTihiiic, S66IIEANIIAIE &% 2 bhiot,
BRHOER, 05 bl 6 fleats 8 AN
2 FIEAE (Black-Schaffer) of@EEH T3 X 51
Bbhi, ARC, Zhb8Ho ) bitHRETILIR:
AR MBI R IR ORI S B L on 2Bl b, 4
EABAREC L oM 2 fldh o T (F4d),

ZOIEREFOFREILEAYN ATy, HBifh®
Fi-oEHoBENEEINIERTHAS LEL LR
T3,

Table 4. Panmyelosis

£ 4 PAHE
. . Weight
. Distance in . h
Duration of Weight of spleen| of liver Enlarged
%‘&T%e . %gg% Sgc symptoms T}?ﬁgg‘egg? (grams) (grams) lymph nodes
K FEMRFEBLHAR B AEEEE (m) BigEoEE (g2) | ol | Vv BIEkx
2 (8
Panmyelosis JA-E#ifE
57 M5 1 year (4§) 900 125 1710 | Moderate Fh%EgE
69 |Fz| 3 years (4E) 950 680 1350
36 |F4z| 2 years (4£) 1170 1000 1900 | Moderate Fh&EgE
35 |F&r gyear?h(ﬂi) No;r;i%\c&)sed 1100 2250 |Moderate HR%ERE
months E
Possible admixture (A
PRVERE BT A IF O 4
BT S ©
_ 66 M| 8 months 792 300 1465 |Slight to moderate
(@zD)] IBREM B EEET
B | 0 v ssveas ) 2030 800 1% | Not enlarged
Admixture
B AR 42 P T D
EHHBRE S O
19 [M5| 3—4years (4£) 1500 26 x15x 7.5cm. 3000 |Moderate HRSEREE
51 [ME| 5 months Unknown 7~A§ 64 2650 |Not recorded
(§:D) &L
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Table 5. Lecukocyte Study

F 5 RHIMRHEE
Group Identification Definition
B oA E %
A Exposed Individuals developing scalp epilation following exposure to A-bomb
#RE FEERECHEREYE U H
A Control Unexposed residents of Kure City matched as to age and sex with the
xEE exposed population
FERRUCENCBENSEEER L EA b AnEE O ERE
B Exposed Individuals exposed to the A-bomb within 1500 meters from hypocenter
BIRE 8.0 5 H1500m LU 0 LB g
B Control Individuals who had migrated to Hiroshima after January 1, 1946
HRE 19464 1 A 1 AL OEBEAS
C Exposed Individuals exposed to the A-bomb within 2000 meters and with major
Fide ¥ radiation symptoms’
2000m LI TR LEERSSIEER XA LicE
C Control Individuals exposed over 3000 meters from hypocenter
B 0HA H3000m LK THR L1cH
LEUKOPENIA Bk DE

In an effort to clarify the meaf:ing of low leuko—
cyte counts in many of our cases that were
apparently otherwise normal, a review of over
15,000 leukocyte counts performed at ABCC,
Hiroshima, since 1947 has been carried out (Table 5
and Fig. 1). The mean has descended gradually
from about 9,000 in 1947 to about 5,500 in 1956.
There is no significant difference between the
leukocyte counts for exposed and control patients.
Several Japanese studies also have shown this fall
in other parts of Japan. The etiology of the
downward trend, already below the pre-war Japanese
level and the usually accepted American mean is not
known. Antibiotics, diet, and other environmental
facts may be involved. The possibility of a similar
shift in leukocyte level in other countries might be
investigated.

No change has been found in the differential
leukocyte distribution except for a decrease in eosino-
philia which is paralleled in time by a reduction in

intestinal parasitism.

RED BLOOD CELL STUDIES

Polycythemia. Five cases of polycythemia vera
have been observed in the Hiroshima exposed
population. This does not appear to represent an

increase in incidence.

FEAIFRICIEA R EE IS REE Ao O B I ER H A
LI h ONSRHofont, FOREREMALL S &
19474E LIRS i ABCC Iz 35\ THT s dodn 7215, 00044 LA
FoRmBRENESERCBRF EML A (RS ROE
1), B r19474E 0 # 9,000 H19564E D 5,500
ICETHRR L TV B, B & o B iR ey
ORI, W20 ERAOTETH BEROf
o HICE LT ZOFEIED bR TWS, TTIR
fio A ERA DK STIE—RICED LR TNWH T £
U HADOFHLU T > T3, TOTEREREOR
BT THs, HEHHEOER, RPLLTIED
fhoESE FOMEMBFELTWS0»d Lk, il
DEIZH - TANRECARLCEE Bbh Ty 50
EOEHELTARTLEIWTHS S,

BB P EAE R RE R L AR CHFRRUSEOE
BHRES R OXETE, BIRFERICIEEY
Algm2 1z,

FRIERAE

ZhE KEOWEENSEEEHC I TRIYE
SIAE 5 PRI S hizAt, RERORMMEFRTHO
Eix#Ex bhish,

(5)



Anemia. An incidence of moderately severe
anemia (hemoglobin below 10 G.) of about five per
cent in Hiroshima prompted an investigation to
determine the etiologies and possibly the relationship
if any. Techniques used and the
number of patients studied are listed on Table 6.

to radiation,

Detailed analysis of a randomly selected group
of 4,196 exposed and non-exposed people in Hiroshima
failed to show any biologically significant differ—
ences in hemoglobin level, red blood cell count,
hematocrit, mean corpuscular volume and mean
corpuscular hemoglobin concentration. An analysis
of 4,600 people in Nagasaki gave similar results.

Intestinal parasitism with hookworm and ascaris
was present in 72 per cent of 4,000 patients in
Hiroshima who underwent one stool examination
between 1950 and 1952. By 1954 to 1956, only 35
per cent of 8,000 patients showed this finding,

R M EECROCTREECENCAD (M
RI0FLUT) ORERIISHICE LI EMD, £
DFAL GV HHR L OBECEEYHABMICTS
eHOPE Tibhl, AECHAGCbRA-FELD
CIC B E R 23 6 1B,

RESC kit 5 88 LIEEHRE 4,196 BB A
BEMHFICOLTHE R ER Lics', mEadEi
o FRMERE « ~= + 7 V v Fl » PEROBERE &
USSP R IMERIMERIBE A DEHFRICH R X
ZEdleho Tz, BET 4,600 BiZoWTiTico 1o
#Hreh FBORBEET .,

[KE; T 1950~1952 S£ DfE]ic 1 [E§ (i 23213 72 4,000
ZOEBRFED, TORGCHEEARUERICLS
B E BHBYEN B> 12, L L7gAt 51954~1956
FEITRIT S 8,000 HOEEETS O RER LicET
N3G RE Lho 1,

however.
Fig. 1. Average Leukocyte Counts by Year
B 1 EEERPFS A MmERE
| [
10 Exposed | 'l
- S GROUP A Control f -
% /// \
\‘\s}
‘l
8 = - S "-.._-
7 N
o~
N 3
o=
x 2
- = 5 — = GROUP B
g £ 6 Q:‘\
-5 -
| R
GROUP €
6 —
5
1947 1943 1349 1950 1951 1952 1953 1954 1955 1956

Year 4§

A two-week dietary analysis carried out over a one
year period in 800 cases in Hiroshima showed a daily
average in take of 13.0 £ 3.3 mg. of iron for men
and 11.7 + 2.9 mg. for women. This is marginal

for males and below the usual minimums accepted

= BRI\ T 1 28EiTdo7 b 800 flic-ou T 2 3R]
ﬁ@ﬁ%o;}ﬁﬁ:ﬁﬁ Lichl, SBEPUEIBTIX1A
F#913.0+3.3a9, T TH11.7£2.929TH>1z, Sh
EHIZE> THEBRETH D, KiITLo TLEFHRE
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Table 6. Anemia Study Methods (Hiroskima and Nagasalu)
® 6 ANRFENE (KEkICES)

Blood count, hematocrit and indices......... TR ERR RSN AN e s G e S Y YR

MERE, ~~< b2 Uy Miids LOHEH R oo
0 R AT T N et ey mam s s v P s ot s S S A RS S VT e e 8,066 cases i
Diet iron_analysis (2 week diet RiSEOrY)....cicicisuisicravissniosasisiissioesisssssnsssssrmsnnsassnnsnrannns 800 cases
fHhEkar (2 8o RHE) -
Serum iron level..........coevvnvnnnns A Ay R == Y RUTIIE G Rl Lol R 651
et cases {4
Teon DIndinig CAPACIEY .. ic:canimssnsnitsnssssrniansnanavaysbinadasssbtresissaassssassisieasinsasunsnsasoasssssssinciss 558 cases
EEEAE “
Fe!! yptake, utilization, and turnover eSS cssuminimmsimdiairisa s 24 cases #
Fe® WL, FIMRUicEHE

Gr¥ rad Cell BurviVAD BB i r s Tttt S s s o SRR A R e S A F IR AR S NSRS 24 cases {5
Cr*t o X B RMEREFE

Co'* vitamin Bh: EXCTeton IEBE...curwsssicummmimissimmans i sas s A s s b SEs St b s 6 cases fi
Co® v % 1 v B Hiit#E

Fetal: gnd abnormal hemoglobin) TS o i i eiss st L ke 362 cases
AR M e Sk RO S SRk i

for females. Serum bound iron levels of Japanese
men were also higher than in women but were well
below the American averages (Table 7).

The effect of a marginal iron reserve was shown

FERLEZLATVWSLOUTTHD, MikEEEE
iy ARABCIRIIZHE L TE» 2 1228,
ADFHECHET S HESE, 12 (&T),

TAY A

in a comparison of hemoglobin levels versus age
in 3,600 patients in Nagasaki (Fig. 2). There is a
pronounced drop in hemoglobin level in females
during the period from 20 to 45 years of age, the
reproductive years. The males do not show this fall,
but only the gradual decrease associated with aging
hematopoietic tissue which is also seen in the
post-menopausal females. There is no significant

difference between exposed and non-exposed of either

BENC T 5 il 3,600 AICo\TLER SR
o ﬂ"f&b:h Fﬁﬁﬁoﬁmﬁ?ﬁmﬁﬁ‘ﬂﬁ%
P B SRt (B2), KT 20~45 ROERLE
fniciERROF LWVETE2RS, BTIRI0LS
TeE TR, BUCaE MR O EIEICEE 5 Wil & 38
RISRE v, ChitMERoLizowWTL RbRS
D& THH, Bicsdicis LB E oMl
WDEITE,

sex.
Table 7. Anemia Study (Nagasaki)
= 7 AmmEF (EE)
Serum bound iron (Schade) Unbound iron binding capacity
7t S AE JERS A S EE . :
Exposed Control Exposed ontro
5&1 BRE X FE ERE *EE
No. Me.(a:g;[—,als) D. No. Mu{ﬁgi"”s) D. No. Megggi S. D, No. Me?::gj:??) D
B | oVl | B | v Taidmn | X | mo e | % | v Tabes
Female | 341 90.1 £ 35.7 81' 90.7 £ 36.1 360 250.1 £ 78.9 80 247.0 £ 87.2
M%le 205 | 115.0 +40.2 54| 119.0 +35.9 198 | 212.8 £ 67.2 50 227.0 £ 67.7
. Male (U. S. Navy, Sasebo)
B CREMI: IR L e

C7)



Fig. 2. Anemia Study (Nagasaki)
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In 24 cases of severe anemia in exposed patients
selected for detailed study in Hiroshima and 12 in
Nagasaki Cr®! red cell survival studies and blood
volume measurements, and Fe*® uptake, utilization
and turnover tests were performed. The results
were corroborative of severe iron deficiency anemia
in almost all cases. There also was evidence of a
somewhat decreased erythrocyte life span in the
most severe cases. Subsequent response to iron
therapy and vermifuge in many instances was
confirmatory.

In six instances, Co60-Vitamin Bjz excretory
studies were carried out. One case of pernicious
anemia and one instance of macrocytic anemia
secondary to surgical intestinal anastomosis was
verified by this technique.

Fetal and abnormal hemoglobins have been sought
in 362 anemia cases in Hiroshima by alkali
denaturation and electrophoretic techniques. No
abnormalities were found.

Aplastic or hypoplastic anemia has been seen only
infrequently at ABCC. Four autopsied cases were
reported in Nagasaki and 3 in Hiroshima in exposed
patients. Three non-exposed cases were also found

at autopsy in Hiroshima. Three additional living

R EERO D, BRE0h» CEBRNESE
FIRETII244, BRTRI2EBRLT, Cr itk s
FRUTERAAFR T « MEEABTE L SUUT Fe* ORI -
FIF « TEOMEL oo, TORER, BEAET
AR COBFCENG SR ZHRAMATEN S hic, FIC
B EH BB T MER O A a2 3 5 5T
SEMENED bhic, $is s bUICHR BRI
BRIGHMARITH » el S b - 1,

6 Iz T Co¥'= & # § v By Bifibb R EH L
foo COFEICE b EHEAM 1H, L bTITABE
WA Hi s Ui KR BRI R 1 23 S i,

KB 362 BORIMBFITOWT, 7Y
Utk OB SR L b AR oI &K HUtC R
FiEEIGERE R, BRERERI o1,

MRS L i MEERERINE ABCC T2 R
bhiieT &, Ticbhb, HREEOH) BRE
TIL A EIE, RETIL 3 HREANEESh, Fiodk
HRETIIRE T bhicHBRTIAR B R 2 h
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non-exposed patients have been seen on the medical
service in Hiroshima.

In summary, in the cases of anemia among the
radiation-exposed, it has not been possible, by the
methods used, to demonstrate any significant devia-
tion from the characteristic pathophysiology cf the
disease as it occurs in the non-exposed. Also, no
differences in red blocd cell values have been found
in the exposed population as compared to the non-
exposed. :

Platelet studies. In Hiroshima 243 men and 360
women have been studied for evidence of coagulation
disturbances. There was no significant difference
in platelet count between those exposed who had had
acute purpuric symptoms and the non-exposed. In
a 65 patient pilot study using bleeding time, clotting
time, serum and plasma prothrombin time, no

significant differences were found either.

SUMMARY

By 1956 hematological studies at ABCC of
Hiroshima and Nagasaki atomic bomb survivors
have shown the following results:

1. There is an increased incidence of leukemia
which is related to distance from the atomic bomb
hypocenter and the cccurrence of acute radiation
symptoms. An elevated case incidence plateau since
1950 has shown no definite evidence of decline as
yet. Leukemia type frequencies, response to therapy,
and histochemical alkaline phosphatase studies all
failed to show any difference related to radiation
exposure.

2. Moderately severe anemia is present in about
five per cent of patients. It is characteristically of
the iron deficiency type associated with intestinal
parasites, gynecological blood loss and low dietary
iron intake. The average red cell count, hemoglobin,
hematocrit, mean corpuscular volume and hemoglobin
concentration of exposed and non-exposed cases do
not differ significantly, nor have any qualitative
differences in the cases on anemia between the two
groups been found.

3. Platelet counts and coagulation tests are
normal in both exposed and non-exposed cases.

4, A gradual decrease in white blood count has

cccurred in both exposed and control cases in
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Hiroshima. Similar observations have been made in
other Japanese areas by other workers. There is no
significant difference between exposed and control
cases.

5. Six cases of panmyelosis and 6 cases of hypo-
plastic anemia were observed in exposed patients
at autopsy. Three cases of hypoplastic anemia were
also seen in non-exposed patients at autopsy, and
three cases of this disease were observed among

living non-exposed patients as well.
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