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PREFACE

The purpose of this review is to help the person who
wishes to know what hematologic studies have been
conducted by the Atemic Bomb Casualty Commission
(ABCC) in the past, especially if he is giving rthought to
further investigations which might be pursued.

Although  some of the work herein reviewed has been
formally published, much has not. In many instances, the
published articles are widely dispersed in journals in both
Japan and the United States. Often these papers were
written only in the language of one or the other nation.
Occasionally, the publications were only in the form of

abstracts. In other instances, investigations were
completed but nor published and the data are not readily
available, In a few cases, material for this review has

been kindly furnished from personal files of the original
investigators, and, in one instance, from the ABCC files
at the United States National Academy of Sciences in
Washingron, DC, as no detailed records of the work existed
at the ABCC,

This review refers to all of the material on hematologic
studies at the ABCC, from the earliest observations in
1947 to more recent ones completed in 1959, Although the
coverage is wide, the amount of attention given to various
ropics is somewhat upeven. A few of the ABCC's hema-
tologic studies, as those on leukemia, have been fully
published and therefore are not treated in greac detail in
this review. On the other hand, considerable data are
presented for o swdy on platelets and several swudies on
anemin, as most of this material haus not been available
for critical assessment by the general scientific community.

For convenicnce, the studies reviewed are grouped
according to the major topic. In instances where specific
ABCC project numbers were assigned to srudies, these
are stated for rthe guidance of the reader who may wish to
delve further. A serious attempt has been made to give

proper  acknowledgment and  priority to the principal
investigators, especially in cases where their work has
not been reported. Special effort has been devored rto

descriprions of characteristics of the samples studied, and
where pertinent, to laboratory methods, as rthese bear
importantly on interpretation of the results. An evaluation
of each study, in the light of newer information and
concepts, has been the most difficult portion of this under-
taking. The guiding principle has been to maintain a
balanced perspective, to respect the interests of the
original investigators, and yet to be sufficiently critical
to be helpful,

Many persons have helped with the preparation of this
repoct, including some whose work has been reviewed.
We are especially grateful to Drs. J. W. Hollingsworth,
S. C. Finch, K. Yano, 5. Neriishi, and S. Kawamoto, of the
ABCC Department of Medicine; Dr. G. W. Beebe, Mr. S.
Jablon, Dr. Z. Hrubee, Dr. A. Brill, and Mr. K. Noble of the
Depattment of Statistics; Drs, L. J. Zeldis, F. M. Hirose,
and R. M. Nakamura, of the Department of Pathology;
Dr. M. Tomonaga, formerly Professor of Hiroshima
University School of Medicine and currently Professor
of Nagasaki University School of Medicine; Drs. W. C.
Moloney, R. D. Lange, N. Wald, W. E. Truax, M. E.
Sears, and Dr. R, M, Heysell, our predecessors in hematol-
ogy at the ABCC, and to Dr. G. V. LeRoy of the University
of Chicago.

Special thanks are due to Mrs. A, Koga and Miss Hanamura
who typed the manuscript and to Miss J. Rust for kindly
giving editorial assistance.
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INTRODUCTION

The principal objective of the ABCC is to determine the
possible late biologic effects of radiation in survivors of
the August 1945 atomic bombs in Hiroshima and Nagasaki.

A proper appreciation of the hematologic studies conducted
by the ABCC requires some understanding of the setting
in which this organization began its observations in
March 1947. The first article in this section outlines the
present status of informarion on the nature and magnitnde
ol rhe ionizing radiation from the aromic explosions in
Japan. This is followed by a brief account of the popula-
tions surviving, and of the initial hematologic responses
observed by the Joint Commission for Investigation of the
Effects of the Atomic Bomb (] C) until termination of its
activitiesin mid-December 1945,

IONIZING RADIATION F'ROM THE A TOMIC BOMBS

Precise and complete information on the guality and
mugnirude of the ionizing energy released at the time of
the atomic explosiens in Hiroshima and Nagasaki even now
is nor at hand. Some basic facts will never by known.
Other  pertinent items have only recently been made
public,

Prior to 1957, because much of the physical data was
still unpublished, the estimates of radiation dosage for
individual atomic bomb survivors were crude, being based
on a history of the symptoms and signs of the acute
radiation syndrome appearing during the first B-156 weeks
after the bombing, distance from the hypocenter at the
time of the burst, and estimation of the shielding configura-
tion around the subject at the time of exposure.

In the past 4 years some previously classified information
on the effects of nuclear weapons has become available
and makes possible the following general statements
concerning the nature and extent of the energy delivered
by the 1945 atomic bombs.

The energy from the process of nuclear fission in the
bombs was largely in the ferm of blast and shock (50%),
somewhat less in hear (35%), and considerably less in
tonizing radiarion. This was reflected in the substanrially
greater number of casualties with traumatic wounds and
burns, which also points out the difficulty of separating
these effects from those of irradiation.

The ionizing radiation from the bombs may be conveniently
considered in 2 classes; initial and residual radiacion.
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FIGURE 1 ESTIMATED GAMMA AND NEUTRON AIR DOSE BY DISTANCE FROM HY POCENTER (YORK)
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As the explosions occurred well above ground, the inirial
radiation which reached those exposed consisted chielly
of gamma rays and neuttons. These radiations were not
monitored at the time of the explosions and therefore, it is
not possible to cobtain accurate radiation dose values,
However, calculations based on as ver unpublished dara
of the structure of the bombs have yielded approximate
gamma and neutron air doses in rad as functions of
distance from the hypocenter in meters, as shown in
Figure 1. It should be noted that the uncertainty may be
as great as a factor of 2 above and below the estimated
value in rad. The fact that the fissionable material for the
Hiroshima bomb was uranium-235, while that for Nagasaki
was pluronium=239, apparently does not account for the
considerably smaller neutron component in the curves for

Nagasaki. Although the depicted relatively greater air
dose for neutrons in Hiroshima than in Nagasaki has
become generally accepted, it should be pointed out

that post-bomb measurements of radioactivity in the soil
and human bones suggest thar the neutron flux in both
cities was about the same. Figure 1 also shows that at
2000 m from the hypocenter in both Hireshima and
Nagasaki, the air dose was approximately 20 rad. Such a
low value suggests that beyond this radius inirial radiation
was probably of little biological significance. The
general comparability of the dose in the two cities at
2000 m is believed to hold even though the height of the
burst was 580 m over Hiroshime and about 90 m lower,
490 m, in Nagasaki.

While the foregoing statements represent the current (1961)
working concept of the relationship ef distance to dose
at the ABCC, some discrepancies between these physical
estimates and certain initial biological effects have not
been entirely resolved., This in part accounts for the
wide variation in the use of the term exposed. This term
is not always synonvmous with frradiated for it often
refers sweepingly to those who were within the ciry ar the
time of the bomb, which includes the large proportion of
persons who were even beyond 5000 m from the hypo-
center. Likewise the expressions heavily or [lightly
irradiared, although used on occasion, are also associated
with uncertain dosage criteria.
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Since 1936, the Health Physics Division of the Oak Ridge
Narional Laboratory in the United Srates and ABCC in
Japan have collaborated in @ program to seck more
precise radiation dosimetry information.

Data from nuclear test explosions, similar to, but not
identical with, the bombs used in Japan, have permitted
esrimation of certain attenvation factors, such as those
afforded by Japanese-style houses., One of the most
interesting results to emerge is that because of the
appreciable radiation scatter, the atrenuarion facror did
not wary significantly with the orientation of the house
with respect to the direction of the burst point. With
these data, helpful, bur nevertheless only tentative,
radiation dose estimates are now being assigned 1o
individual survivors. The values vary from 0 rad ro
doses in the lethal range.

Although the general assumption has been that these
values represent whole-body radiation doses, ir is probably
of importance to bear in mind that in many instances,
exposure was prohably wunequal whole-body or perhaps
even partial body and that such variables may account [or
different hematologic paterns,

At present, residoal radiation in the form of fission
producrs and neurron-induced radicactivity afrer the firse
day and bevond 900 m from the hypocenter, is considered
to have been of a very low order of magnitude. However,
this point has not been enrirely clarified. Neutron=
induced bLera radicactivity in bones has been considered
by some to be responsible for marrow disturbances in
atomic bomb survivors.

Likewise, radiarion resulting from close-in, early fallout,
which was known to have occurred in a few small areas
beyond 2000 m in both Hiroshima and Nagasaki, is also
believed to have been of low degree. On the other, hand,
with possible maximal external integrated gamma dose
estimates as high as 100 rad in the Nishiyvama district
3000 m from the hypocenter in Nagasaki, fallout radiation
may have been of significance in cerrain special instances.

It has been generally assumed that sources of radiation
ather than the 1945 atomic bombs have not been of signifi-
cant magnitude to influence rhe ABCC siudies., However,
with the increase in use of medical diagnostic radiation
techniques in Japan, the widely varying radiation protec-
tion methods employed with such devices, and the greater
extension of free medical care 1o closely exposed
survivors, o special appraisal of the relative importunce
of these additional sources of radiation is desirable,

An attempt has been made in this section te underscore
the several uncertainties attending the problem of
radiation dosimetry for individual survivors. It would
seem advisable to keep these in mind when considering the
results of the hematology studies described.
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THE JOINT COMMISSION

Although this review is concerncd primarily sith hematol-
ogic studies conducted by ABCC, it seems appropriate to
include a description of the earlier observations recorded
by the Joint Commission for Investigation of the Effects
of the Atoemic Bomb (JC) from 29 September to 16 December
1945, completed in 1946 and condensed for open publica-
tion in 1956. This study of the inirial hemarological
responses in the first weeks and months after the explosion
in the two cities provides a wvaluable background for
understanding the developmenmt of the ABCC research
programs, The account also permits an opportunity to
point out certain aspects which have been given limited
ateention largely because of the 15-month gap which
existed between the time of the operation of the JC and
the iniriation of ABCC studies.
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TABLE 1 ESTIMATED CIVILIAN POPULATION, DEATHS, AND SURVIVORS WITHIN 2000 m
FROM THE HYPOCENTER, BY CITY AS OF NOVEMBER 1945

=1 BEMAON ACHFHS L RO S2000m E@HOEFEEHOHEE
BT A, 1945311 FH 3® 7
Distance E:;Ep&s;d Deaths Survivors
ing <2000 m ECH % LiEE %
m

HIROSHIMA &

< 1000 31180 26720 85.6 4460 14,4

1000=1900 113170 38230 33.8 74940 66.2

Total #F 144350 64950 45.0 79400 35.0
NAGASAKI i

<1000 30900 27320 88.4 3580 11.6

10001900 20870 9230 44.1 11640 55.9

Total #f 51770 36550 J0.6 15220 29.4
BOTH CITIES ®ili

Total # it 196120 101500 51.8 94620 4R.2

A condensation of the JC estimates in November 1945 of
the exposed civilian population, deaths from all causes
within 3 months of exposure, and survivors who were less
than 2000 m from the hypocenter in the two cities is given
in Table 1, These figures were derived from sampling as
chaotic conditions precluded 2 comprehensive census.

It will be seen thar the absolute figures for each category
are higher for Hiroshima and thar the mortality was
substantially greater for those more closely exposed.
Although the values suggest char 50% survival corresponds
to a distance of slightly less than 2000 m, this should not
be equated with the estimated human median lethal
radiation dose of, say, 450 rad. Mechanical and thermal
injuries figured more prominently than ionizing radiation
as causes of early deaths throughout each eity., At a
distance of about 2000 m, the combined gamma and
neutron radiation dose estimate is approximately 20 rad,
so thar bevond this distance, effects were more likely to
be a result of factors other than irradiation. According to
this concept, the survivors who were within this radius
constitute the critical group which forms the basis for the
ABCC studies of late radiation effecrs.  Atrention is
called ro this November 1945 estimate of 94,620 civilian
survivors in both cities and the considerably lower
figures given in subsequent censuses from which ABCC
samples have been derived.

Circulating Blood Cell Observations

The sources of data for the blood cell observations
reported by LeRoy in 1950 were not confined to the
3-month period of the JC operation, but were as follows:
blood examinations by Japanese physicians, research and
medical aid groups, prior to the formation of the JC, with
a high degree of selection of cases, and usually under
arduous conditions; blood cell counts by technicians of
the J C beginning in late September 1945 with attempts to

Joint Commission, Table 4.1
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obtain a reliable sample of persons from all parts of the
bombed cities; and special blood studies conducted by
the JC in a small number of casualty hospitals. Serial
examinations were performed in only a few instances,

The subjects were categorized as to the degree of
radiation exposure in rwo ways on the basis of responses
to a questionnaire: clinical symproms and signs of the
acute radiation syndrome; and disrance from the hypocenter
and estimated extent of shiclding, The results of the
blood examinations on abour 7000 persons were presented
for 3 groups according ro estimated severity of radiation
injury: Very severe, severe, and moderate or mild,

All subjects in the very severe caregory died within the
fiese I or 2 weeks and hematologic dara from them were
very sparse. In the severe radiation injury group abour
505 survived beyond 6 weeks, They had been within
1500 m from the hypocenter and exhibited most of the
characteristic manifestations of the acure radiation
svndrome,

Pooled red bloed cell count and hemoglobin concentrarion
values were lowest 6-8 weeks after rhe bombing when 50%
of the hemoglobin levels were less than 9.0 g/100 ml,
After the 9th week, there was a return toward control
values, the median being about 12,5 /100 ml. Red
blood cell indices between the 3rd and 5th weeks were
unaltered. Greater values for mean red blood cell diameter
in 20 subjects and mean cell volume in 66 exposed persons
at 9-12 weeks were ascribed to reticulocytosis occurring
duringthe recovery period.

Leukopenia among the 1360 pooled white blood cell
counts was most prominent ar 3-5 weeks, mean values
being 2555/mm3 in Hiroshima and 3673 in Nagasaki.
There was a return toward control levels during the 8th-
10th week. However, in a sample of 91 subjects, ‘the
absolute number of lymphocvtes had not returned to normal
by the 12th week’.

Plateler counts on 36 purpucric subjects at 3-6 weeks
disclosed lowest values of less than 50,000/mm3 in the
fatal cases. Bleeding times were characreristically
prolonged in the dth week, while clotting time values
only infrequently so.

Individuals in the moderate or mild radiation injury group
had been outdoors or only lightly shielded beyond 1500 m.
At lesser distances, rthey had usually been heavily
shielded. The trequency of epilation and/or purpura
varied from 3%-21.8% in this group.

Erythrocyte counts and hemoglobin values, also pooled,
reached o minimum at 6-8 weeks, 50% of the hemoglobin
levels being below 10.0 g/100 ml. After the 9th week,
there was a return to control levels, the new median being
about 12,5 g. Pooled leukocyte counts were reduced to
lowest means of 5370/mm3 in Hiroshima and 4630 in
Nagasaki, 2-5 weeks after exposure. Data on hemostatic
abnormalities in this exposure group were too meager for
presentation.

The relationship between the hematological findings and
the symptomatic evidences of the acute radiation syndrome
was shown best bv the white blood cell counts and the
occurrence of epilation and purpura ar 2-6 weeks as seen
in Table 2. Because of the correlation between the degree
of leukopenia, radiation exposure estimates, and epilation
and purpura, the latter clinical expressions were consider-
ed to be specific symptoms of radiation injury. Other
symptoms and signs such as vomiting on the day of
exposure, oropharyngeal lesions and nonpurpuric hemor-
rhagic manifestations were considered to be suggestive of
radiation injury.
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Grear value has stemmed from the JC observa-

TABLE 2 MEAN WHITE BLOOD CELL COUNTS AT 2-6 WEEKS, BY EXPOSURE GROUP
AND RADIATION SYMPTOMS

#2 2—60EOTHOMERE : BBEE - HahsER

Acute Radiation Symprom Group 4% M 8t aERE &

Exposure Group Epilation & Epilation or Suggestive No
[53 % Purpura Purpura Symptoms Symptoms
B L FH [LEF St 3 FEd L L EERR fER T L
HIROSHIMA 58
A& B 1923 2694 3980 4791
cC&bD 2420 4157 5044 6268
NAGASAKI #£85
A& B 2181 3018 4511 5148
C&D 2943 2975 5006 5839

A — Persons autdoors or in wood buildings within 1000 m from the hypocenter
MR A 5 1000m M TEAZ L RBREPC
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tions on the largest number of human beings exposed at
one time to doses of radiation covering a wide range.
More may yet be learned from this body of information.
However, it is essential to bear in mind certain points
when evaluating these results and  especially when
ascribing effects to ionizing radiation: The exposed
population was heterogeneous as ro 4ge, sex, health and
socioeconomic status; radiation dose as such was unknown
and could be only crudely approximated:; burns, rroumaric
wounds, infections, quality of medical care, and nutrition
as influences could nor be readily separated or accurately
guantitated; samples perforce were often without appro-
priate controls, including preexposure observations; and
laboratory measurements wete not uniformly standardized,

The median hemoglobin value of 12.5 g/100 ml for the
exposed groups after 8 weeks slightly exceeds that
(11.5 g/100 ml) for the control group of persons who were
beyond 5500 m from the hypocenter, This does not support
the assertion by others of a persistent radiation anemia
occurring with high frequency in atomic bomb survivors.
However, these findings do not conclusively disprove the
possibility if there should be a very low incidence of such
an anemia. In any case, the median values for those whao
recovered from radiation injury and those in the control
nonirradiated group closely approximate mean hemoglobin
values obtained from samples of atomic bomb survivors
and more suitable matched control individuals in the
subsequent 2-14 years by ABCC.

The leukocyte counts of the severe radiation injury group
were distributed over a lower range in Hiroshima than in
Nagasaki. Although this did not hold true for the moderate-
mild group, the mean white blood cell count value for the
control group in Hiroshima (6366/mm3) was significantly
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lower than that in Nagasaki (7961/mm3). The JC report
states thar there was no obvious explanation for these
differences. A similar unexplained disparity berween the
white blood cell counts in the twe cities was observed
subsequently for the period 1949-54 in association with a
distiner decline in leukocvte counts of both exposed and
control persons.

The JC conclusion that the absolute number of lymphocytes
had not returned to normal by the 12th week in those with
severe radiation injury is supported only by mean values
of 2080/mml for the exposed and 2660/mm3 for the
control group. In the absence of addirional evidence, the
difference berween these 2 figures does not appear
sufficient to warrant this view. Furthermore, the control
group was defined as 28 normal Japanese men, which does
not seem adequate to account for differences that mighe
he related ro sex, geography, minor or associated illness,
and other nonradiation factors. One reason for commenting
orn this point is that the JC interpeetation has been cited
in support of later reports of persistent postradiacion
lymphoeytopenia,

The study of the relationship hetween the degree of
leukopenia and the specificity of the symptoms of the
acute radiation syndrome is pertinent to later ABCC
designations. In most of the ABCC sample compilations,
a history of oropharyngeal lesions occurring within G0
days, as well as epilation and purpura, have been
considered major radiation symptoms.

Evident in the JC report is rhe wide variation in blood
cell counts, even within groups, of persons who received
comparable amounts of penecrating radiation. The JC
evidence indicated that in general, the greater the degree
of bone marrow depression, or associared decline in blood
cell count, the higher the initial mortality. It would be of
considerable importance to know if the extent of the
initinl hematological responses correlated with  later
morbidity and mortality in survivors.  Although a later
ABCC study showed a relationship between the degree of
initial leukopenia and morrality during the first 9 weeks
afrer the bombing no studies at ABCC have been directed
toward associating initial hematologic effects with late
CESpONsSes,

The instances in which serial blood examinations were
obrained were few, bur these in aggregate may prove to be
very helpful. There is need for more guantitative data on
the relationship of radiacion dose to initial hemarological
response, Information upon which are based current
concepts of dose-response relationships and the influences
of various facrors is surprisingly meager. Since gamma
and neutron dose estimates by ABCC are now being
assigned to individual survivors, it should be possible to
do rthis for persons with repeated blood examinations
included in the JC investigation.

Bone Marrow and Lymphoid Tissue Observations

The results of autopsy examinations of the marrow,
spleen, and other lymphoid tissues were included in the
JC pathology report in 1949 by Liebow, Warren, and
De Coursey. These, as well as observations on ante-
mortem marcow smears, are found in the 1956 | C report.

Marrowe  The marrow marerial examined consisted of BO
specimens from lliroshima and 178 from Nagasaki. Most
were smear preparacions. A large proportion had been
collected by Japanese physicians and were later reviewed
by the J C staff. Only 24 were serial examinations.

The 2 specimens obtained during the first 3 weeks from
persons assumed to have been within 1500 m from the
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hypocenter showed almost complete absence of maturing
blood cells. The predominant elements were histiocytes
and plasma cells,

In the 4rh-6th weeks, the marcow of those who died,
chiefly from infection and/or hemorrhage, exhibited severe
deplerion of granulocytes and nucleated red blood cells,
while there was in general enhanced proliferation of these
elements in the marrow of the survivors. In both fatal and
surviving cases at this time, there was proliferation of the
reticuloendothelium.  In some who died toward the end of
the Gth week, although the marrow showed erythroid and
granulocytic hyperplasin, there was peripheral leukopenia.

By the 7th and 8th weeks, matoring granulocytes and
megakaryopoiesis had achieved approximarely normal
patterns, coinciding with return of blood leukocyte and
platelet counts to normal, This was followed in the 10th
and 12th weeks by hyperplasia in both erythrocytic and
granulocytic lineages with a return to the norm by 16
weeks after exposure,

In cases in which it was assumed that there had been
severe depletion of maturing blood cells, patterns of
regeneration varied considerably. Early proliferation of
reticulum cells was often associated in the 4th and Sth
weeks with large numbers of macrophages, plasma cells,
atypical lymphocvtes and nests of nucleated red blood
cells, The observers described evidence of transformation
of reticulum cells into granulocytes either directly or after
passing through arypical lymphocyre or myeloblast stages,
as well as regeneration of red blood cell and white blood
cell prarrow from blasts thar had survived irradiacion.

However, in some instances regenerarion was absenr or
incomplere as evidenced by inadequate reticuloendothelial
proliferation, failure of differentiarion into definitive cell
lines, persistence of many plasma cells or atypical
lymphocytes, impaired marturation, and failure of normally-
matured cells to gain access to the blood.

One case of leukemin was encountered among the 14,000
persons examined in both cities. 1t was considered purely
adventitious i.e., not radiation-induced, This was a 19-
vear-old Nagasaki schoolboy whe had been abour 1100 m
[rom the hypocenter, developed signs of the acute radia-
tion syndrome including levkopenia, and recovered, only
o exhibit evidence of monoeytic leukemin about 11 weeks
after exposure,

Lymphboid Tissue Observations on the changes in the
lymphoid tissues, including the spleen, were based on 86
autopsies in Hiroshima and 15 in Nagasaki. Most of this
material was collected by Japanese physicians and later
reviewed by the JC staff of pathologists.

The eacliest specimens of spleen and lymph nodes,
obrained 3 days after exposure from persons who had been
within 1500 m from rthe hypocenter, revealed almost
complete disappearance of lymphocytes, In spite of this
lymphoid atrophy, there was already evidence of heginning
proliferation of the reticuloendothelium. In the 2nd-Gth
weeks this hyperplasia had advanced to the extent that in
a few instances nodes were several times the usual size.
The participating cells were of the large atypical mono-
nuclear variety, resembling reticulum cells, lymphoblasrts,
plasmacells and occasionally Reed-Sternberg cells.

This hyperactive phase gradually subsided during cthe
following 3 months and in some instances secondary
lymphoid fellicles had reappeared by the end of this time.
Only 3 thymus specimens were available., There were no
abnormal changes except for hemorrhage in one.

Comment In view of the facts that in spite of obviously
inadequare reporting (the evidence of leukemia was sub-
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sequently found to be substancially higher in irradiated
survivors beginning about 1948), and it is now becoming
accepted that & wide variety of hematologic disturbances
may represent a preleukemic state; it may well be that
some of the abnormal regenerative processes described by
the JC were in the direction of developing leukemia. The
point is also germane to later reports of aplastic anemia
in atomic bomb survivors, in which it has been assumed by
some, without documenting evidence in any case, that
there was complete bone marrow recovery from initial
radiation injury and then, at a later date, the gradual
evolution of marrow aplasia as a delayed radiation effect,

Later studies at ABCC have been conducred on samples
defined in 1947, 1949, and 1950, largely because it has
not bheen readily possible to identify all subjects studied
by the JC, but also because criteria for inclusion have
been rather restrictive. Valid reasons have been given
for these steps which may, nevertheless, account for
exclusion of surviving persons with abnormal tissue
recovery patterns studied by the JC.

The foregoing comments suggest that there may be value
in a detailed follow-up of the cases included in the JC
investigation, especially where there were peculiar
patterns of recovery from the initial radiation insult. In
many instances it may be too late to embark on this kind
of retrospective study extending back 14 or more years.
But it is felt that the effore should be made, not only to
fill the hiatus created by the period after cessation of the
JC operation but with the view to giving added meaning
and new direction to some of ABCC's current activities.
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HEMATOLOGIC SURVEYS
HE67 SURVEY OF HIROSHIMA SURVIVORS 1947-48

During the period of almost 2 years following the termina-
tion of JC activities on 16 December 1945, only o few
hematologic  observations were made on atomic bhomb
sutvivors. These were in the main by small Japanese
groups working under considerable handicap so that well-
defined samples with appropriate control groups were nor
systematically investigated.

In March 1947 the first carefully designed search for late
alterations in blood cell count values arcriburable to
radiation from the atomic bomb was initiated by a team
which later in the same year was officially authorized as
ABCC. The results of this study, the HE67 Hematology
Survey, conducted 19-32 months after the exposure, were
reported by Snell, Neel and Ishibashi.

Although the records are such that it is no longer
possible to reconstruct the sample in detail, the general
descriptive features are known and are of some importance
because the sample became the basis for some subsequent
research, The #frradiated group consisted of 924 Hiroshima
subjects selected from about 16,000 who, in reply to a
questionnaire, gave a history of sealp epilation wichin
130 days of the atomic burst. On the basis of this initial
response, whole-body gamma radiation dosage was
estimated at 300 rad ro 700 rad, There was a slight
preponderance of females (525) and most of the sample
members were of school age in order to minimize the
occurrence of unrelated hematologic complications and
bielogic variation, as well as for rensons of convenience.
The control group consisted of 995 individuals, matched
by age and sex, but who were residents of Kure City 20 km
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from Hiroshima, Although about half the size of
Hiroshima, Kure had been subjected to heavy incendiary
and explosive bombing and its citizenry were considered
comparable in demographic composition and nutritional
Status,

Standard American hematologic methods were applied,
At rhat time these included use of noncertified US Army
blood cell pipets; hemoglobin concentration was determin-

ed by the copper sulfate specific gravity technmique. The
observed hemartologic values were subjected to two
principal statistical procedures: comparison of means

and the standard error of the difference, and by analysis
of differences in values between randomly established
pairs of the same sex and similar age.

The results of the comparison of mean values are con-
densed in Table 3. The ervthrocyte count, hemoglobin
concentration, and hematocrit values were slightly lower
in  Hiroshima. The differences in means, although
statistically significant, were of small magnitude. The
differences could not be explained by the disproportionate
influence of a particular sex or age group. Nor were they
a consequence of a greater frequency of associated non-
radiation injuries, such as burns and traumaric wounds,
inasmuch as the values were slightly higher, not lower, in
the persons with associated injuries. The authars
concluded rhat although the slighrly lower values in the

Hiroshima subjects might be related to irradiation, one
could not exclude other nonrandom facrors such as
nutrition or certain disease states which were not

specilically investigated,

The rtoral leukoecyte count was about the same in both
cities, but the relative lymphecyte count was slightly
lower and the eosinophil count was slightly higher in the
Hiroshima group. To explain the slightly lower lymphocyte

count, consideration was given to two possibilities:
radiation effect or 2 compensatory depression for the
higher eosinophil level, The relative elevation in

eosinophils was ascribed to a greater prevalence of
parasitic disease in Hiroshima, although this factor was
not srudied at the time,

Comment This first hemartologic study by ABCC had a
number of notable features: The sample of 1919 subjects
was large; the test irradiated group appeared to be
composed of persons who had received appreciable
amounts of radiation; the control group was clearly not
irradiated and was matched by age and sex; considerable
care was given to laboratory technique; the sraristical
treatment of the data was detailed; the discussion of the
results  was thotough; and the interprecations were
cautious. The work is all the more remarkable when one
considers the serious economic plight of the subjects at
that time and the difficulties of the investigators, most of
whom were in a devastated foreign land and the fact that
at the time of inception of the investigarion the mission
of the team was ‘largely exploratory and not designed to
support a large scale study,”

The passage of 12 years permits further evaluation.
Because the sample was weighted with subjects of school
age, it was not representative of the exposed Hiroshima
survivors and for this reason was later not considered
suitable for certain of ABCC's studies. Epilation was
used as the index of frradiation and considering the
condirions and available information at that time, this
would seem to have been a wise choice. However, the
inclusion of 20.9% in the irradiaced group who were [arther
than 2000 m from the hypocenter is not in keeping with
current estimates of the relationship of radiation dose
and distance. Also recent individual dose estimates
indicate that a sizeable number of persons probably were
subjected to doses in the epilation dose range but did
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TABLE 3 COMPARISON OF MEAN VALUES FOR SPECIFIED BLOOD EXAMINATIONS IN HE67 SURVEY

BY CITY, 1947-48
#3 HEGTHFI T AEMMiaFTE O FHED LR fidi5, 1947—485
Examination Hiroshima Kure
Hide A E 115 18 -3
Red Blood Cell :
e x 106/mm3 45217 4,604
bi
Eftmegg}ﬂo ! g/ 100 ml 12,84" 13.14
H tocri
bty e A % 40.98 41.46
F;EE;;;]"]“'“ p3 88.34 87.85
Mean cell hemoglobin concentration =
- 2 5 i 35 n gaalt sha2
i mm3 9847 9903
I;l;;r;;phlls A 54.96 54.96
',j”.m_!".r;;‘“"“ % 28,01¢ 20.4
f;;‘;"ph‘“ % 10.76¢ 8.93
*Mean values significantly different at the 95% probability level.
TEAABUOEET HEEN LS.
not lose their secalp hair. Thus, the factor of individual FTEOFETELr 2B LAREB AT
biological susceptibility to a given dose of radiation was WA, LidaT, MERSOMMIZIE, —EOREHIEC
not reflected in the sample cnmpositinn. More recent W S eSO AZEE I EREEMRE AT T
samples under study at ABCC avoid some of the apparent . kW REOABCCREEETIE, HMHOERCEITSR

drawbacks of the earlier sample, but the discrepancy
between biological and physical dose estimates in the
two atomic bombed cities has not been entitely resolved.

The blood cell values of the Hiroshima subjects were in
general so close to those of the control Kure citizens
that the authors concluded that ‘the irradiated subjects
for the most part have made o complete recovery from the
depression of the peripheral blood wvalues which may be
assumed to have followed the bombing.' Certainly no
striking differences were evident, except perhaps in the
case of the eosinophil count. It is pertinent to inguire
whether such alterarions might be expected on the basis
of experiments with lower mammals and studies on other
groups of human beings with single exposure to instanra-
neous whole-body ionizing radiation of similar dose
range and after a comparable period of time, Experiments
on mice, rats, and rabbits indicate a return to normal of
the blood cell counts within abour 100 days. In general,
the few studies on human subjects also show complete
tecovery. In reference to the red blood cell wvalues,
possible exceptions may be found in reports by Japanese
workers of a mdcrocytic byperchromic radiation anemia
occurring in high frequency among atomic bomb survivors
7-10 years after exposure, At the time of the first ABCC
study, about 2 years after the bombing, there were no
differences in the red blood cell indices to suggest that
the slightly lower hemoglobin, hematocrit, and red blood
cell count values were early manifestations of a specific
radiation anemia.

Although slight eosinophilia has been ateibuted ro
irradiation in studies elsewhere, this has usually been in
instances of repeated exposures over long periods. The
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observation that the cosinophil count was high in both
Kure and Hiroshima and later reports relating this to the
prevalence of parasitic diseases are additional reasons
for caution in ascribing the higher eosinophil count in the
Hiroshima subjects to irradiation.

The slightly lower lymphocyte count in the Hiroshima
individuals may be a radiation effect. Animal experiments
indicate that recovery is usually complete in 30 days but
occasionally it may take as long as 90 days. The few
studies in man also indicate complete recovery in almost
all instances, The JC concluded that by the 12th week
absolute lymphocyte counts of the irradiated had not
returned to normal but the insufficient evidence on this
point should be noted. Berter support is found in the
repores on the Rongelap islanders, whose hematologic
effects have been considered a result of external gamma
radiation of about 175 rad from the March 1954 Bravo test
fallout. Their lymphocyte counts remained slightly below
those of the control group 4 years after exposure.

Follow-up HE67 Survey 1 948-49

In  1948-49, 33-44 months alter exposure, the same
hemarologic measurements reported in  the preceding
section were made on Hiroshima and Kure residents. The
results were compiled by Yamasowa and Borges, reviewed
by Moloney, and published in Japan and the United States
by Yamasowa in 1951,

The sample composition was similac but not identical to
that of the previous year. Like the earlier sample, it
cannot  be accurately reconstructed at presSent. The
Hiroshima epilated subjects numbered 824 but only 304 of
these were included in the Snell, Neel, Ishibashi survey
one yedar earlier. The control group in Kure was enlarged
to 1145 persons. The staristical approach was similar to
that previously employed.

The resules comparing the mean values are given in
abbreviared form in Table 4. There was again a slight
decrease in the red blood cell count and hematocrit, but
not in the hemoglobin conceatration, in the Hiroshima
subjects as compared to the control group. There was
also a very slight decrease in these values in 1948-49 as
compared to the previous year, but this was true and of
the same magnitude for boch the irradiated as well as
the control subjects,

The total leukocyte count was similar, as previously, but
the percentage of lymphocytes, which was lower earlier
in the irradiated survivors, was now not significantly
different from the contcol value,

The relative number of eosinophils was now only slightly
higher in Hiroshima; however, there was a slight rise in
the count in both city groups over the previous year.

Yamasowa, the author, stated that ‘when one takes into
account errors  inherent in the hematologic merthods
themselves and differences in the possible incidence of
patasitism and nutrition, it would be unwarranted rto
atcribute the slight changes found to radiation effect’.

Comment These observations, 3-4 years after the bombs,
give further credence to the resules and the cautious tone
of the interpretations of Snpell, Neel and Ishibashi
1 year earlier.

The slight reduction in red blood cell values in the Kure
control group, as well as in the Hirpshima exposed group,
during the elapsed year attests to the risk of attributing
such minimal significant differences to only one factor
such as irradiacion.
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TABLE 4 COMPARISON OF MEAN VALUES FOR SPECIFIED BLOOD EXAMINATIONS IN HEG7 SURVEY

BY CITY, 1948-49
#4 HEBTHWE ZH T4 EMMEIETO FE MO fIHH, 1948—49:F
Examinarion Hiroshima Kure
MM E g e
Red Blood Cells
o x 106/mm3 4,208 4,390
Hemoglobin -
il £ 3 g/100 ml 12.64 12.73
Hematocrit L] .
ARy bl ie 38.93 30.61
Mean cell velume
3
T BRI I 90.93 00.49
Mean cell hemoglobin concentration 2 $5,45% 5.4
PR 3R - - el
Leukocyte count
/ 3 5 5
FEE b mm 9607 D476
Neutrophils = =
E‘F':Pﬁ\ r 53 3_.1" 3.48
Lymphocytes
,J’.mi ,r;meb % 28.66 20,10
Eosinophils o8 * 1
i 5 b 11.63 10.3
*Mean values significantly different at the 95% probability level.
FHEWMABHROBRETHEREMH S,
The similarity of the lymphocyte counts ar this time may SO OMBEO Y AL T R, RESCE
be interpreted either as a final, but delayed, recovery B ZoVERBRCREE & 6 O [E]E AT ELH Lf"f' RIS ETH
from radiation-induced lymphocytopenia or in support of ErrETRLTWVA. bdvRLAIzEweshiEbTh R
the view that the slight difference noted earlier was ACHCE L A AR G B L MEATS s b v TR
related to unknown nonradiation factors. Tatlmahartbliin
This follow-up Yamasown repore suggests that the ABCC WA OBEMRE MY IEEE, BB 2HES L

intention may have been to use the Hiroshima sample of
epilated subjects as the basis for longitudinal hematol-
ogic studies over the ensuing vears in order ro detect
trends toward the development of possible later delayed
effects of atomic radiation. However, after the 1948-49
study, this sample as such was not used further for
serial observations because it was not representative of
the population of survivors and the controls residing in
Kure were not as suitable as nonexposed residents of
Hiroshima.
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MES5 SURVEY OF ADULTS IN HIROSHIMA 1951-53 EBEAOMESSTARE, 1951 —53F

The first medical survey of adult atomic bomb survivors ABCCIlz 2 aBpo BB Be A2+ 3 EEMBTEIL,
conducted by ABCC was begun in Hiroshima by Folley, 19506E11 8, 158 (2 &7 Felley , Breeden , TFillmore & .k
Breeden, Fillmore, and Poole in November 1950, The U Poole CX - TMGENA. ZOBEBETIO6FIS#H#b-T
survev was concluded in 19356,  Although a complete WA CORrEoLTORESGEEEEEEA TV L
report on the results has not been published, certain AL O EeTAT RO — 812, Moloney & & 1F Kastenbaum
hematolegic observations have been included in tables FEMLEABHE, WadofE L 22miEr, &6 002
prepared by Molonev and Kastenbaum, in two articles by Hollingsworth , Beebe #+ .k UL AR E & W A& 2 & D

Wald, and in a recent compilation by Hollingsworth, Beebe, EhTD
and Yamasaki. h o

The purpose of the survey was to determine if there were SoBEEOBNE, B A
late effects of atomic radiation among the surviving adults
detectable by standard clinical examinations to be made ; )
in l-yvear cycles, Roshesl IvEkET

R ELTLES
Edpy  EREMSE TSV, FY
AT EIZhale,

1o

G Rl ]
BRI kS R TR A



The original sample of persons examined can no longer
be reconstituted and rhe sampling criteria changed with
time during the conduct of the survey. Nevertheless, in
outline, the exposed group consisted of abour 2000
persons who were within 1500 m from the hypocenter, and
the controls were persons who had migrated to Hiroshima
City beginning 1 Januvary 1946, The sample members had
come to the attention of ABCC through various means,
including rthe 1949 ABCC Radiarion Census and the first
ABCC Sample Census begun in 1950,

Four examination cycles were conducted during the
G-year period 1950-56. Derailed tabulations of hemarologic
data are available only for the first and second cycles
and statistical analysis was devoted chiefly to the first
cycle  data collected during 1950-53 on about 4000
subjects.

Analysis of the mean values for the blood cell counts did
not reveal any completely consistent overall differences
between the exposed and controls. This is in accord
with Wald's comment that 'detailed analysis failed 1o
show any biologically significant differences’. However,
exposure differences not likely to have resulted from
chance were found in certain specific instances reported
by Beebe and are shown in Table 5. The red blood cell
count and hemoglobin concentration diffetrences were not
supported by a significant difference in the hematocrit
reading; average mean cell volume and mean cell hemoglo-
bin concentrarion values for the exposed vs controls were
not tested; and mean values for the exposed were not
given in the available rabulations.

HHEOBBRE L THMIIEESAERR, LiteERTE
ToL, WAMBOLEL BREOETRIEEFNE Lk,
L, TOEELLTE 2OHBETIHBONA S 1500m
FMIG A0 A A G Y, FOWMEENT, 146F 1818
RS HICEAL TEAETHh 2hsnBNedR
Fid, 1949 ABCC HiM 4 AD@F 4 L UL19S0FE 2 5 Ml bR =
NEBIEABCCERANMEL 4B TABCC I3
Nt ThHS.

1950 — 564 ) 6 F M 4 O BMEE T b A, Mgy
MMM oML, Bl ELZFE LMo TO&HE
MENRTED, HEFARFIT 12594000 1221007 1950— 53 % ¢ )
CREsh S 1 EMER 2w T EELTHabhiTv S,

Mk PEE &R L AHT, BB dEErom-:
Eff I haTHmEI—RLA#IRBLNATUEL,. 20
Wi, [HMCMFELTE-2825, EHENCEES
#FRaAsiBoshiarot]bud Wald o it s —8+ 3.
LAL, Beete D5 T3, balnomiEmaE @t
bEERBhhiuidEifgRaifici@bshtesy, 2hi
DWTERES ISR LA Rl s CMEaRRCEEN -
Rl ATy MELLRARSREER SN2,
PR TE & o BP0 R MR FE RO LR 5 & O R i
EREoOESMIIowTRRESANM T bbbl AFE
NTUEMBECFHERBECoLWTOPHMATERT 2,

TABLE 5 HIROSHIMA ME55 FIRST CYCLE HEMATOLOGIC EXAMINATIONS IN WHICH THERE WERE
SIGNIFICANT DIFFERENCES IN MEAN VALUES FOR EXPOSED VS CONTROL

# 5

R MERE LRSS THES - RS0 PHEOMICAREORO o Mk EER

Examination

Mean Value TFHiii

Significance Test

) Se
HBHAE f; Exposed Control HEiE
s EeRiiE
Red blood cells x100/mm3 M 5 4,5 L
Hemoglobin [ ¢ % & g /100 ml M 5 155 *
Neutrophils &9 i % M 5 48.9 *
Lymphocytes ') > #i8 % M B 26.6 L

0,01 <P<0.05  **P<0.01

The percentages of subjects with specified values were
also tested for exposure differences. Instances in which
such differences were sratistically significant are given
in Table 6.

Comment The lower mean red blood cell count and
hemoglobin concentration values for exposed men and
reduced mean red blood cell count for exposed women, the
greater percentage of exposed men with hemoglobin and
hematocrit values in the lower range, and the larger
percentage of exposed persons with higher mean cell
volume values suggest a possible macrocytic anemia as a
late radiation effect. Such an interpretation has been
made by investigators elsewhere, However, when non-
radiarion factors are taken into account, this apparent
radiation effect is not substantiated.

BEOREREHLTOEEOBEFRES LT LREE TS
Vo, BIRITESEEEEL 2. HAWCHRAERHDY 5
RHMEREE, %6 CHT.

FE EBRHTFOLHRMSL LI ULEZER S0 D &,
Wl T O F R ER M AL L T a2 e, MEERE &
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AL PHMBERAREVEOEEMEBE IR
Lk, HeitisofmiEERE L L o d Bk W o 7T REE =
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TABLE 6 HIROSHIMA MES55 FIRST CYCLE HEMATOLOGIC EXAMINATIONS IN WHICH THERE WERE
SIGNIFICANT EXPOSURE DIFFERENCES IN PERCENTAGES OF PERSONS WITH SPECIFIED HEMATOLOGIC VALUES

#6 EBMESSHE 1AMBEOOEMECHEOREMAELAE0ESRCER - L3ERZ0RL S W R H

Examination Dividing Point Exposed Caontrol Significance Test
frdid B SRl i i HBiEEE
% %
MALE H
Hemoglobin I & 3¢ bt 2/100 ml <13.0 36.6 30.1 *e
Hematoceit SRy M L <40,0 20.1 15.7 ]
Mean cell volume F#IHMLE & fill {.(3‘ <90 7:3 10.9
90-99 61.1 64.5 } ki)
>100 31.5 24,5
Leukocytes i ER 1 Smm3 <7000 60.5 52.6 e
Neutrophils i ef g % <50 56.9 51.0 *
FEMALE #
Red blood cells I # x 106/mm? <4.0 52.6 48.0 4
Mean cell volume “F #0053 2 [1.3 <90 17.0 19.7
90-99 63.6 64.2 } *
2100 19.4 16.1
Leukoeytes LA /mm3 <7000 54.4 51.1 "
.01 <PSI‘J.05 "PSU.(H
An  Adult Medical Survey (MESS) was also started in 19516 7 H Iz, £WFTH Adams, Wb, B RURAEIZES
Nagasaki in July 1951 by Adams, Kurasaki, and Amamoto T AREMMEE(MESS) A0 =41, 196534 7 B i2d#sss L
and was terminated in July 1953, A summary of the TWws, Wedenld, 2OWESETLEHL, RAMECoLT
resulis by Weden described anemia cases bur did not give M T AH, FEIBENE LU WIS PG e
detailed hematologic data on rthe exposed and control i e iy e 1 AR e e e
groups. Wald in 1956 referred to an analvsis of hematol- ﬁiﬁ‘“*?ﬁ Len L. s 19.1?"5‘}‘ [-, Wald ‘i_' ffﬂﬁﬂ?ﬁ@@g;;
ogic values for 3600 people in Nagasaki which failed to i gﬂ?ﬁﬁﬂﬂ)ﬁm[“ﬂ‘&_ {!;_'L‘ﬁ L, ﬁﬁfiﬂ’{%‘—?ﬂ? T
show significant biological differences, However, since BoohgholBRTwa, LL, CORKFEHVS
the data for this analysis are not available, it is not nNERPHEAETCELVOT, BWMESHETEOER M AT
known whether Nagasaki MESS observations were included. NTubEtrEIrITHETHS.
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PE18 SURVEY OF CHILDREN IN HIROSHIMA
1951-52
Beginning in March 1949 several surveys of childeen

exposed in Hitoshima were conducted in which hematologic
observarions were included. The complex hisrorical
interrelationships of these siudies were described in an
ABCC report of 1954 in which Sutow summarized the
medical findings of the PEIS Growth and Development
survey.

The general purpose of the PELS survey was to accumulare
longitudinal and cross-sectional data to determine if
there were derectable differences in growth and develop-
ment patrerns and physical status between the exposed
and nonexposed children.  Three annual examinations,
from January 1951 to December 1953, were complered.
Kastenbaum assisted in the analysis of the data on the
first  and second cycle examinations covered in the
report by Sutow,

The compoesition of the sample of children, who ranged in
age from 3 to 19 years, is shown in Table 7 by sex and
exposure status. The controls were selected from school
enrollment  lists or ABCC conwrol listings and were
matched for age and sex with each child in the exposed
group. No children in the conrrol group were in Hiroshima
at the time of the 6 August 1945 bombing, but chey
became residents of the city on or afrer 1 January 1946,

The resulting hemarologic values for the first and second
cycle examinations were listed by age for controls vs the

following exposure classification, according to acure
radiation symptoms: no radiation symptoms; acute
radiation symproms except epilation; partial epilation;
and total epilation. Because of the volume of these

tabulations, only the values for selected categories in
which rhere were significant exposure differences will be
given here (Tables 8, 9. The values given for the
exposed in Tables 8, 9 are those of ‘acute radiation
symptoms except epilation’, a group which was likely to
have received a significant amount of radiation and yet
contained a sufficient number of subjecrs, Exposure
differences of significance, using the analysis of
covariance technique, were found in the first examination
of 1951 but not in the second examination of 1952, The
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TABLE 7 COMPOSITION OF PE18 SURVEY OF EXPOSED CHILDREN IN HIROSHIMA,
BY EXPOSURE, SEX, AND CYCLE EXAMINATION, 1951-52

# 7 LEWMER PEISHE O . FIHRRIE - 4 - BEEIR, 1951 —524
Boys # Girls = Total F
Exposure
L ] lst Exam,  2nd Exam. Ist Exam.  2nd Exam. Ist Exam,  2nd Exam.
W R H2Epn H1EPBE H2misne 51 EBR 2 R
<2000 m 1219 949 1166 907 2385 1856
2000 +m 123 112 119 101 242 213
Unknown 7 A 2 1 1 0 3 1
Toral & 1344 1062 1286 1008 2630 2070
Control i Hl# 1238 945 1188 939 2426 1884
Total &R 2582 2007 2474 1947 5056 3954

mean values for the erythrocvte count, hemoglobin concent-
ration, and hematocrit were lower in the exposed boys but
not in the exposed girls; and the mean total leukocyte
count was higher for rthe exposed boys but not for the
exposed girls.

Comment It is apparent from Tables 8, 9 that the differ-
ences bhetween exposure groups were not uniform for all
ages and, where they existed, were of very small magni-
tude. Scanning of the celumns also indicates no shift in
the wvalues toward the younger ages in the exposed to
suggest an accelerared aging effect.

The tests of significance tell ws only that such dif-
ferences were not likely to have occurred by chance under
condirions of random sampling. In view of this principle,
Sutow's additional remarks on the characteristics of the
sample are helpful in evaluating the exposure differences
observed. At the time of the conduct of the PELB survey,
the amount of radiation received by each survivor could
only be crudely estimated. Selection of the exposed
children was based mainly on distance from the hypo-
center, but Table 7 shows that about half of the exposed
children were beyond 2000 m, where radiation is believed
to have been minimal. Distance alone was not considered
a suitable index of radiation dose because survival ac
close distances indicated heavy shielding., The results
were therefore expressed according to class of acure
radiation symptoms. The weakness of this arrangement is
apparent in the fact char 13.5% of those beyond 2000 m,
where ionizing radiation is considered to have been
minimal, gave a historv of acute radiation symproms. For
these reasons, it seems unlikely that reanalysis according
to distance from the hypocenter will be a more sensitive
approach for demonstrating possible radiation effects.

The exposed and control groups also differed significantly
in certain socioeconomic factors such as birthplace, past
residence, residence in Hiroshima, and occupational status
of the parents. The divergences in the latter two feartures
suggested economic superiority of the controls over the
exposed, a factor that has been found to influence growth
and development patterns.

In view of the above, it would seem advisable ro exercise
restraint in concluding that the demonsmrated differences
represent late radiation effects,
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TABLE 8 MEAN WHITE BLOOD CELL VALUES FOR MALES IN PE18 FIRST CYCLE EXAMINATION
BY AGE AND EXPOSURE

#8 PEISE 1AMBEI-HT 3B TF0RHEMEE : Fiis - HIEIRER

Age Exposed #H%H Control #8i#
i Number Mean SD Number Mean 5D
1] #x i HEEE 17 ¥ 13 fil U 2
5 0 - - 160 9.29 3.07
13 3 9.55 2,12 116 9.08 2.33
7 1 G.45 0 48 92.57 3.01
B 4 10,50 4.78 104 8.78 2.82
9 0 - - 10 7.93 2.06
10 i1 9.80 3.70 97 §.08 2.06
11 13 9.22 3.05 105 8.38 2,30
12 18 8.28 .29 108 B.48 2,75
13 12 8.51 1.74 05 B.03 1.92
14 8 8.16 1,48 96 B.13 2,23
is 9 8.65 1.56 05 T.87 1.91
16 8 8.09 1.84 B9 7.71 2.33
17 4 10,00 1.67 86 7.70 2.01
18 5 G.69 1.77 76 7.51 1.97
19 8 7.30 1.81 80 7.53 2,00
* 103/ mm?

TABLE 9 MEAN HEMOGLOBIN VALUES FOR MALES IN PE18 FIRST CYCLE EXAMINATION
BY AGE AND EXPOSURE

#9 PEISH 1MMBE I SF FOFHMERE: Tk - SORRIER

" Exposed WHH Control M &
€
ff—iﬁ Number Mean sSD Number Mean 5D
1) & Rt PR % 17 ¥ T fill frdn a2
5 0 = = 160 12.0 1.1
6 3 11.7 0.5 116 11.8 1.0
4 1 1157 0 48 11.9 0.8
B8 4 11.8 0.2 104 12.0 0.9
9 (1] a - 10 12,0 0.7
10 11 12,5 0.7 97 12,1 0.9
11 13 12,4 0.9 105 12.2 0.8
AL 18 12.4 1.1 108 12,4 1.0
13 12 12.6 1.0 95 12.5 1.1
14 8 12.0 152 96 12.5 1.1
15 9 127 1.0 95 12.9 1.0
16 8 13.3 0.8 89 13.5 1.2
17 4 13.2 1.2 86 13.3 1,5
18 5 13.3 LD 76 13.8 1.0
19 B 13.1 1.2 80 14.1 0.9
g/ 100 ml
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ME74 SURVEY IN HIROSHIMA 1953-56

In July 1953 a new medical survey of survivors, designed
by Moloney and Sutow, was undertaken in Hiroshima.
The results of this study have not been published in toro,
bur some of the hematologic observations were included
in summary articles by Wald.

The ME74 medical survey was proposed because clinical
examinations and preliminary analvsis of the earlier MESS
data had revealed lirntle difference herween the exposed
and controls. Some dissatisfaction was voiced with the
use of immigrants from other parts of the Far East and
Japan as controls in the MES5 survey., The approach
used in the new ME74 survey was to concentrate on the
heauvily irradiated survivers, especially on individual
patients presenting diagnostic problems, and to investi-
gate causes of death as well.

The sample included abour 5000 adults exposed within
2000 m with a history of epilation, purpura, or oropharyn-
geal ulcerarion, and a control group marched by sex and
age, of individuals who had been 3000-3500 m from the
hypocenter., Approximarely 1500 examinations were
conducted annpwally wuntil 1956 when the study was
terminated.

Yearly mean circulating blood cell counts from 1953
through 1956 were given in an article by Wald with the
comment thart analysis failed to show a significant
difference berween the exposed and controls,

Comment The mean values shown in Table 10 reveal only
small and ircegular exposure differences. It is note-
worthy that staristical analysis apparently failed 1o
support the few MESS inferences of differences between
EXpOSULE LrOups.
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TABLE 10 MEAN HEMATOLOGIC VALUES FOR ME74 BY YEAR, SEX, AND EXPOSURE
#10 ME74\2dr 2 PHoMmirmziE: £ - % - BRIKIEBR

1953 1954 1955 1956
Examination Sex
e E e Exposed Control Exposed Control Exposed Control Exposed Control
15 ol 1% B (4 LR B K
Red blood cells x 106/mm3 M B 4.5 4.6 4.5 4.5 4.5 4.6 4.6 4.5
ifs &K 84 F # 3.9 4,0 4.0 4,0 4.0 4.0 4.0 4,0
Hemoglobin g/100 ml M3 13.2 13.8 13.2 I3 13.4 13.5 13.7 13.4
If 4 35 Gl F &« 11.4 11.4 11.4 11.4 i3 11.7 11.6 11.6
Hematocrit % M E 43.3 44.4 43,3 43.5 43.5 44.0 44,2 i3.3
T R2 )y R F &«  37.5 37.7 37.8 37.9 38.1 38.0 37.6 37.5
Mean cell volume p3 ME 967 96,9 97.0 96.8 97.1 96.7 96.4 96.5
i I S F % 95.4 95.4 95.2 95.3 94.9 94.6 94.4 95.0
Mean cell hemoglobin concentration % M e j0.6 30.9 30.4 30.4 30.8 30.7 31.1 30.9
s B R F & 304 30.3 30.2 30.2 30.6 30.5 30.9 30,9
White blood cells FliiE% x 103/mm3 5.9 6.2 5.7 5.9 5.7 5.9 5.5 5:3
Neurcophils  AFehi& % 57.0 56.8 58.0 37.4 54.8 55.1 55.9 54.9
Lymphocytes ' » /98K % 28.4 28.7 28.2 28.7 31.5 31,0 31.1 31.5
Ecsinophils IF#EEk % 6.9 6.8 6.2 6.1 5.8 5.6 5.0 5.0
Basophils iR IR B i 0.6 0.5 0.6 0.7 0.7 0.7 0.7 0.7
— g it N\t NP
HEMATOLOGIC SURVEY NAGASAKI 1953-56, EBiCE Y 2 MAEMAE, 1953—56%F, MEBI&ET
INCLUDING MES3
During the 3-year period, 1953-56, hematological observa- J.{Il'li'r T, 1953 =665 @ 3 FH 122D il & ad B & Lo T AL
tions on large numbers of persons were made in Nagasaki. FHHEMTAbN L. DRENLLHEO I 5, B 3 i
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material of special current interest. HIa-wnEELLS,
In May 1953, during the closing months of the Nagasaki B MESSESIE O T M3 19538 5 H (2, -‘\HCC BF %
NESS medcal suvey, e’ AHCC Ressach Commites  gRaidin EMOBSHARAMENRL K. <00k
d a5 ’ = ke - I ¥ 3
purpose being ‘to detecr possible delayed or masked IJ:"' MBME RERORSLEACEMET S 2L 12LD, &
effects of radiation through the study of illness and stk REEEERT 3]l 2 L2 .‘f; = f,



death in the exposed population.’ This statement
suggests that the study was to he the Nagasaki counter-
patt  of the ME74 medical survey which was being
inauguratedin Hiroshima at that time.

At a meeting of ABCC and Nagasaki Medical School
auchorities in June 1953, a modified collaborative research
program was agreed upon. The undertaking was to entail
enumeration of an estimated 8000 survivors within 2000 m
from the hypocenter, collecrion of radiation exposure
histories, and an initial medical screening followed by

more  detailed clinical examinations of perhaps 1500
persons,
Shortly thereafter, the ABCC Deparrment of Sracistics

began a census of persons within 2000 m from the hypo-
center. This activity was called the Radiation Symptoms
Survey (ST82). Those with a history of acute radiation
illness were distinguished from those withour such a
history. By April 1954, the number of persons enumerated
had exceeded 10,000,

Medical examinations started in August 1953 at the
medical school under the direction of Professor Shirabe as
the A-Bomb Survivers Medical Treatment Program. The
latter had been established as a quasi-governmental
project by the Ministry of Health and privace organizations,
including the Japan Red Cross Association, supported
largely from popular donations. The medical school was
given responsibility for the cenduct of the program by the
City and Prefectural Governments, Hematological obser-
vations on survivers who requested examinations ar the
medical school were conducted under the supervision of
Dr. Tomonaga. After the first 2 months, the laboratory
examinations were performed at ABCC on persons
enumerated in the ST82 Radiation Symptoms census. At
the medical school this joint project was usually called
the *‘Mass Blood Survey’, and at ABCC during the first
year it was known as the "Nagasaki Medical School
Treatment Program (NMSTP).’

First Report

The first report on the results of rhe survey covered the
first 6-month period August 1953 to February 1954 and was
published in Japanese by Kageura, Tomonaga, et al in
1955, and in English in 1956,

The composition of the sample of 3335 persons is shown
in Table 11. Most of the laboratory procedures were
performed by ABCC technicians, The blood cell count
values were presented according to distribution by age
and sex and were tested by the analysis of variance
technique for exposure differences by Tomonaga with the
statistical assistance of Mori of the Nagasaki University
Deparcment  of Educatien, Tabulations for only the
hemoglobin  concentration and eosinophil percentage
distributions were given in the published articles as
these were the only measurements in which exposure
differences were found.

The investigators summarized cheir reporr with the
statement that there were no differences berween the
exposed and nonexposed as to granulocyvte, lvmphocyte,
and monocyte counts, However, hemoglobin concentration
values were significantly lower and eosinophil counts

were Significantly grearter in the exposed. As anemia
and eosinophilia might have resulted from associated
helminthiasis, stool  examinations were performed,

Twemysix of 140 pariencs (1B.6%) with hemoglobin
values less than 7.0 g/100 ml and 7 of 26 patients (26.8'%)
with eosinophil counts greater than 20% had stool
specimens which were negartive for evidence of worms.
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TABLE 11 COMPOSITION OF THE NAGASAKI HEMATOLOGICAL SURVEY SAMPLE, AUGUST 1953
TO FEBRUARY 1954, BY AGE, SEX, AND EXPOSURE

#11 FISMTEEMFEEEAOMM, 19535 8 H o 5 10544 2 H: i - ¢ - pRiREEg)
Exposure Male 5 Female Total
R 8-23  24-58 59+ 8-23  24-58 59+ it
<2000 m
With acute radiation symptoms 125 248 44 132 484 _
BRI BN O 5 5 2% 4 54 1087
Withour acute radiation symptoms
3 7
e e 227 309 111 346 767 127 188
Control i # 78 o1 22 B0 B3 7 36l
Toral & ft 430 048 177 558 1334 188 3335
Because of these observations, the writers concluded Ihom@BEgT 0T, FEHESIE, CORMLFRRERNE
that the anemia and eosinophil count elevation wete 3, BBBMGROBBIIMAXSILERL TV, Ok

telated to radiation from atomic bomb exposure. No cases
of leukemia or aplastic anemis were encountered in the
blood survey at this rime although it was felt that cases
of leukopenia, leukocyrosis, and lvmphopenia deserved
further investigation.

Comment It is helpful to study the structure of the
sample (Table 11} for it is apparent that the nonexposed
controls were not evenly matched by sex and age with the
exposed members. These controls, in the 8-23 year group,
were elementary school pupils who became residents of
Nagasaki after the atomic bombing. Persons in the 24-38
year control group were mainly medical school personnel
who had been beyond 3000 m at the time of the bomb. In
view of this feature, any differences in hematological
values between the exposed and controls might well have
resulted from factors other than atomic radiation. Never-
theless, the investipators' interpretation of anemia and
cosinophilin related ro exposure was responsible for
later improvements in the design of the research program.

Second Report

In August 1954, an unpublished analysis of hemarologic
data on 1042 Nagasaki survivors exposed within 2000 m
from the hypocenter was completed by Simon of the ABCC
Department of Statistics. The precise dates of the
observations were not stated. The analysis was aimed at
determining possible relationships berween blood cell
counts and a history of acute radiation symproms 9 years
previously.

The compositien of the sample by age, sex, and acute
radiation symprom status is shown in Table 12, Special
attention was directed to differences between the mean
values for those with and those without acute radiation
symptoms within each age and sex group, using the
analysis of variance technique. Examinations in which
there were significant differences in mean values are
shown in Table 13.

Another analysis on a larger sample and using a different
staristical approach was conducted, also by Simon, in
March 1955. The results were presented ar the April
1955 meeting of the Japan Haematological Society by
Tomonaga and published in English in 1956 by Tomonagsa.
Amamoto, and Waranabe.
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TABLE 12 COMPOSITION OF NAGASAKI HEMATOLOGIC SURVEY SAMPLE, AUGUST 1954,
BY SEX, AGE, AND EXPOSURE

F12 B cE M ESARORM, 195488 A: M - s - #HRRERN
Espddure Male & Female % Total
AR 8-23 24-58 59+ 8-23 24-58 59+ it
<2000 m
With acute radiation symptoms 42 132 26 55 282 29 566
BHERMBEROSE LK
Without acute radiation symptoms 39 77 23 69 214 54 476
BEEHMERO G2 2H
Total &&t 81 209 49 124 496 83 1042

TABLE 13 MEAN VALUES FOR HEMATOLOGIC EXAMINATIONS IN WHICH SIGNIFICANT DIFFERENCES
WERE ASSOCIATED WITH ACUTE RADIATION SYMPTOMS

#13 THECBEREMIERE BRLZEEELTL L LERERE

Acute
s S e wigh
L ’ With Without
fi i

Neutrophils fF R % M3 24-58 55.78 53.03
Band neutrophils P ik % M % 24-58 1.90 2.66
F & 24-58 2,20 2.67

Monocytes Hegk % F % 24-58 6.52 6.00
Band ecosinophils fhikiFEER % F % 59 + 0,03 0.14
Basophils A 4R BB % F & 594 0.45 0,72

TABLE 14 COMPOSITION OF THE NAGASAKI HEMATOLOGICAL SURVEY SAMPLE MARCH 19535,
BY SEX AND EXPOSURE

£14  BWIMEE R FIEAOMR, 195554 3 A K - ERIRIER

Exposure Male Female Total
{4 BN e # #
<2000 m
With acute radiation symptoms 732 2614 3346
s b LA
Without acute radiation symptoms 1992 1062 3054
BURHSEROD LA o2 H
Total &t 2724 3676 6400
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TABLE 15 PERCENTAGE DISTRIBUTION OF SUBJECTS WITH SPECIFIED HEMATOLOGIC VALUES
IN WHICH SIGNIFICANT DIFFERENCES WERE ASSOCIATED WITH ACUTE RADIATION SYMPTOMS

#15 HEPMEmEELELAE0EFEIH I AEREGIEKE ML 22/ BABo N L0

Acute
i Radiation Symptoms
Examination Sex Age Deviation f rom g.fq:;am;; ‘1?1
A Normaley Rl A AR
i E i £ B FSf kN -r.ﬁjjﬁ‘-

L R With  Without
ba¥ 3
Leukocytes /mm3 r 5-19 211000 1.6 12.5
1 7E ® 5000-10999 74.4 81.4
<5000 14.0 (1]
F 2044 211000 7 4.9
s 5000-10999 76.8 78.9
<5000 20.5 16.3
Segmented neutrophils % F 20-44 > 45 28.1 215
o FEOF o BR 3 2045 6l1.8 66.7
0-20 10.1 11.8
Segmented eosinophils % F 20-44 >15 12.8 15.8
g $:8: %4 Z 5-14.5 46.9 51.4
0-4,5 40,3 32,8

The precise dates of the ohservations were not stated,
The sample of G400 persons with breakdown by sex and
acute radiation symprom sratus is shown in Table 14,
Apparently all of the sample members were within 2000 m
from the hypocenter, although this was not specifically
stated. The results were reported as “deviations from
normalcy’ of the discribution of hematologic values by age,

sex, and acute radiation symptom categories. Differences
were tested for significance by the Xz method.
Cases in which significant differences were found

between those with and those withowt a history of acute
radiation symptoms are shown in Table 15. There was no
comment on these results by the authors.

Comment Scrutiny  of the results of both analyses
reveals that the instances of significant differences by
statistical rests were sporadic and inconsisctent, Because
of this irregularity, it is difficult to make a case for late

alterations  in  hemarological wvalues related rto the
presence or absence of a history of acute radiation
symptoms., Assuming that a history of acute radiation

symptoms is an index of a higher dose of ionizing
radiation, there is no suggestion in these data of anemia,
leukocytosis, lvmphopenia, eosinophilia, or basophilia
related to radiation dose, which might have been antici-
pated from previous reports of other investigators. The
results do not help to clarify whether or not there were
any hemarologic changes at this time artcibutable o
atomic radiation, as appropriate (nonirradiated) controls
were not included in this analysis.

Hemoglobin Concentration Values

By the latter part of 1954, several major changes had
been made in the Nagasaki hematology program which,
in April 1954 became known as MES3 'Blood Screening
Sucvey of 2000 m Survivors.’ Subjects with anemia,

27

FOWMBERMIMEEER T R, MOOAPSHS ZORE
BlAROMEN & £ U BIERH AR R B4R L AL
zafiss i T, WERAO SO 2000m
FiMovAEBThaL LI ICBbh S, R, MUk
DM, f, BLURERGHERNTEOEREL SO
@l L TMESNTVS, BrowTid, x* &k
THEMEREAN TS bR,

BERMBEREO b LB LA LB EOMIZAEEN
Mo hAMmEBER, RISETEY. 50BN T s EE
GOBBIE AL oA,

EE ZO200RFOBREIMIL THE L, HENK
ETHEENBO ATV A EEER L, MEMT—EEY
Twv., ZorFICHBCTRAEYNS 30T, MR ER®
ML L B R REREOR R OM IR A K 5
EZHTLIZEBRTH S, BMEMMEERSE 2D LL,
HERGERY B A LOEETHALFET L &’
M, EIMERRE F4E, ) v oVERER LR, TREIRRY BaE, £ 4
IFE TR GE O RS, OMEE ST LALMOHS
AL FHEASG LI AHRHEHAIRE OMHEIREEh LS 0, o
OEBRIIEYS S (EERe) BRI GHATUALOT
SOFERIE, FOYERBREMAC LSS SOMIEENE
(LABaEA Y InamMs T Emrssn.

i & 3 it

19545 4 A1z, ME 8372000m =i M4 (2 M+ 5 M #% 55 19 2
U= FREIEWRIEA S & 108 o A B L FE AR
FiE, 19MEEE IR, KEZETFV {2 NishTy



levkocytosis, and leukopenia were to be referred to the
medical school in a collaborative venture. In October
1954, a nonexposed control group of about BD0 persons
who had entered the city after 1 January 1946, but from
areas  within Japan proper, were to be scheduled for
examination. Finally, follow-up observarions were to be
made on about 20% of those originally surveyed in 1953.
The purpose of the latter two modifications was to
clarify the apparent discrepancy between the MES5 study
in Hiroshima which revealed 'little or no exposure dif-
ferences’ and the interpreration by Tomonaga in
Nagasaki that anemia and eosinophilia might be late
radiation effects.

A report on the MEB3 hematology survey in Nagasaki
after the abovementioned alterations in design has not
been published. The survey was terminated in August
1956, The data do not appear to have been analyzed in the
light of the specified purposes and decailed information on
the subsequent makeup of the sample are not readily
available in the ABCC [iles.

Recently, tabulations of mean hemoglobin concentration
values from 4610 Nagasaki ME8S3 examinations by sex,
age, and presence or absence of a history of acute
radiation symptoms have been furnished by Wald,

The composition of the sample is shown in Table 16. It
was not stacted whether the group withovt acure radiation
symptoms included nonexposed controls and the precise
dates of the observations were not given.
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TABLE 16 COMPOSITION OF THE NAGASAKI SAMPLE OF HEMOGLOBIN VALUES
BY SEX AND EXPOSURE

#16  Euy i @HEATEAOMA : 1 - SHKiE

Exposure Male Female Total
BARIE 7 E'd it
L2000 m
With acute radiation symptoms AR EER O H o A H 548 831 1479
Without acute radiation symproms @IERSSELD T ok 1333 1708 3131
Total &F§t 1981 2629 4610

Figure 2 is based on the tabulated data, In a paper
presented at the International Hematology Congress in
1956 is a statement that in a comparison of hemoglobin
levels vs age in 3600 subjects in Nagasaki, there was no
significant difference herween exposed and neonexposed of
either sex. It has not been possible as yet to find evidence
of a sratistical analysis of these data in the ABCC files,
In the absence of a clearer delinition of exposure status
for the group without a history of acute radiation symp-
toms, no attempr will he made to evaluate these hemoglo-
bin values in terms of a possible late radiation effect.

A graph similar to that depicted here (but withouot
specifying radiation symptom status) was included in the
1956 Hematology Congress paper referred to. The
fipure was used to demonstrate the effect on hemoglobin
values of "a marginal iron reserve’ during the repreductive
years for women, and the ‘aging of hematopoietic tissue’
ineldecly men and post-menopausal women.

The absolute hemoglobin values during cettain periods of
the MNagasaki hematological survey may be subject to
systematic ecrrors related to modifications in the technique
for determining hemoglobin concentration. On 25 March
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FIGURE 2 MEAN HEMOGLOBIN CONCENTRATION VALUES, HEMATOLOGIC SURVEY,
NAGASAKI (ME83) BY AGE, SEX, AND ACUTE RADIATION SYMPTOMS
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1954 the Evelyn spectrophotometer was replaced by the
Coleman instrument for hemoglobin measurements, Begin-

36- 40- 44 48- 52 56- 00~ b4
Age in Years
£ ]
LT, Evelvn S EELHO M H Y12, Coleman @B AHEH
sns. (MEFRoOB TR, 10-16g DMETIELL ¢

ning 15 Seprember 1954 a pew multiplication facrtor was
employed because the hemoglobin values were found to
be *too tow, by 1.1 g, in the 10-16 ¢ range.’ Subsequently,
on 11 March 1955, all previously recorded hemoglobin
values from 25 March 1954 ro 13 Seprember 1954 were
corrected by multiplying by a factor of 1.1. Then on 2
June 1955, with rthe installation of a new part in the
Coleman spectrophotometer, it was recorded that ‘the
readings seem to be a little higher than those previously
obtained'., [t was added thar no correction factor was
applied because the magnitude of the error and the period
during which the instcument was faulty were unknown.
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ANEMIA STUDIES I FH I
ANEMIA [N THE ADULT MEDICAL SURVEY LEOEAESWEE (MES) (CHF 380

HIROSHIMA (ME55)

Anemin was f{irst investigated as a separate entity atr HMiz2w T, BEBEZHITIRACESMFASZE(MESS)®
ABCC in 1951 in associarion with the Adult Medical ~B L LT, 1951412 ABCC DM THEOIE S & | Tl %
Survey (MESS) in Hiroshima. The ABCC Semiannual BA, 19524 B ) ABCC £ 1212, Lange # k¢ Moloney

Reporr for 1952  included a preliminary summary of 61
cases of nonleukemic anemia studied in Hiroshima by
Lange and Moloney. In 1953 the results on 70 anemia
cases were included by the same authors in a statement
on abnormal hematological findings in 4238 MESS subjects.

The exposed group consisted of persons who were
within 2000 m from the hypocenter and the controls were
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TABLE 17 DIAGNOSIS AND RELATIVE FREQUENCY OF 70 CASES OF ANEMIA
IN HIROSHIMA MESS SUBJECTS

#17 HEBMESS o8 E 12 504 5 WL 7017 o B0 & 48 Lf 4
Exposed Nonexposed
Diagnosis A ichiuil Total
BB Male Female Male Female i
b £ o i
Hypochromic Anemia 3514 W W
Undetermined cause W HETH 1 10 2 3 16
Ankvlostomiasis (W 1 1 B - 5 ] 0 15
Probably ankylostomiasis + ZJE08 826 o) 5 1o 1 3 2 3 )
Uterine myoma blood loss F&E Mz & 5 & " % ” 3 3
Hemorrhoidal blood loss  #iHi 2 = - ] 3
Banti's syndrome R TR 1 - 1 2
Uterine hemorthage FE M 1 = = 1
Uterine carcinoma  TH# 2 e = 1 1
Chronic infection — fB{EREE = 1 - - 1
Stomach carcinoma W # . - 1 1
Normoeytic Anemia  # # MUER P 8 1L
Undetermined cause RE 7209 - 5 L 6 12
Hepatorenal disease AT BT RL#S . - - 1 1
Acquired hemolytic (% %t m % = s « 1 1
Infection LA - = s 1 1
Pregnancy i ] - 1 - - 1
Hypothyroidism FRUIR NG e i e = 1 5 = 1
Hepatosplenomegaly 1T AC & 1 | =1 E 1
Toral & &t 4 29 7 30 70

individuals who had migrated to Hiroshima City afrer 1
January 1946, The criteria for inclusion of subjects in the
anemia survey were as follow: For men, red blood cell
count less than 3.8 million/mm3, hemoglobin concentration
below 11.0g/100 ml, and hematocrits under 38%; and for
women, red blood cell count less than 3.5 million/mm3,
hemoglobin below 9.0g/100 ml, and hematocrit under 30%,

Table 17 shows the classification and relative frequency
of the anemias encountered by sex and exposure status.
The authors commented rthat women predominated and
hypochromic anemias in which ankylostomiasis played a
major role were most frequent. Twenty-four of 28 patients
with hypochromic anemia responded to iron therapy. The
authors considered this result of special interest since
‘the Japanese diet has a high iron content,”

Comment  Lange and Moloney did not give prevalence
values for anemia in the MESS subjects examined, but it
is possible to make estimates from the dara they presented,
The figures, compared with those derived from MESS lst
cycle tabulations by Hellingsworth, Beehbe, and Yamasaki,
are given in Table 18, It is seen that while 4.5% of the
MESS subjects examined had hemoglobin values meeting
the Lange-Moloney criteria for anemia, the cases of
anemia reported by those authors constituted only 1.7%,
or less than half, those seen at ABCC. It should also be
noted that Beebe's analysis revealed that although the
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TABLE 18 PREVALENCE RATES OF ANEMIA IN ME3S SUBJECTS, HIROSHIMA,
BY SOURCE, SEX, AND EXPOSURE

#18 EBMESHEMBRFRICHET2HAMOEHEE, AT - £ RRER

Exposed Control Total
i 3 B =
Sex Examination Source i i =
HE fkE A i AiF Numbet Number Number
5 ¢ e 17 ¥ % 7l # %
Male B LM 4 7 11
Hemoglobin ME#F#  <11.0 g/100 ml HBY 47 6.0 39 4.8 86 5.4
Female LM 29 30 59
Hemoglobin MEFE < 9.0 g/100 ml HBY 45 3.0 52 4.3 97 3.9
Total & LM 33 57 70 1.7
HBY 92 4.5 91 4.5 183 4.5

LM: Lang, Moloney report based on 4238 MESS examinations, MESS & 84238 A 12360 ¢ Lange, Moloney ) i %

HEY: Hollingsworth, Beebe, Yamasaki tabulations based on 4068 MESS examinations.
ME 55 % i % 4068 A 12 37 ¢ Hollingsworth, Beabe, (i) % it

percentage of exposed men (but not women) with lower
erythrocyte counts was significantly greater than that of
the controls, hemoglobin values did nor reliably distingui-
sh the exposure groups.

Lange and Moloney's concern over the evidence of a high
frequency of iron deficiency developing in the face of a
large content of dietary iron was ro be resolved subse-
quently in 1955. The presumably high iron content of
foods consumed by Japanese was based on erroneous
figures issued by the Ministry of Health and Welfare and
the General Headquarters of the Supreme Commander of the
Allied Powers from 1947 to 1954, In 1955 corrected
esrimates were issued by the Government, and data col-
lected by Sears of ABCC in Hiroshima revealed that che
average iron content of the usoal Japanese diet was
considerably lower than indicated by the ecarlier values
issued by the Government,

No definite cause was found for 12 of the 18 normochronic
anemia cases, but they were rhought te represent! ‘simple
chronic anemia.’ Cases of Banti's syndrome were to be
reported later, The weiters noted the *pracrically complete
absence of macrocytic anemia.,’ No significant difference
was observed in the occurrence of anemin in the exposed
and conrtrol groups.

8 £ 7,

References

GOFIFCIE, RO D& R
AR ELOEEEI IS4
HRMUMBEL LB

HOETRE, WIEHTF
A, MEPERITIE, B
TERMEML L,
Effpo@#EERIIZVZL2 b, BRZERRO B
RAEEE AR E T IR I 0T Lange &5 £ TF Moloney 470
HEuorsWsit, 2oE956FCH 2N, FH® A0 fRifE
BEHRAEGCEEISNAOE, 19478 H 519540 TR
EHLMGRER G o BESN A PIEREZ VA Mok
AT Ho M OSSEC A SHEE N i E#E RS
sh, ELIZIEHABCC @ Sears HYLHL AWM 12 k= T,
HAEADMMSD EMIZEE W30 FHEE ML, BFALL
BllcsEHE L AL AL DG Z 2 AL 2,

FEEERMISH P IZM Iz T e, MiEZ SFEETRS S
hdor#d, THHBHERMITHSLEEILRE TOE,
AL RIERBAELEN L, EEL, [AFRBER
MAFLACHEBEBTAI LML TV, MIERE LUH
st s BMO REEE I EERRBO s E ol

General Headquarters, SCAP, Public Health and Welfare Sectlion: A review covering a resume of the problems, accom-
plishments, and future programs of the public health and welfare section among the |apanese population in jurthering
the objectives of the Supreme Gommander. For the period August 1945 to August 1947,

(BHEASETORMENRT 3 -0 OHFO ALIZMT 2 2REESOME, s L EFROHEIMT 3 WEOHM)

HOLLINGSWORTH W, BEEBE GW,
cycle examinations (1950-53), Hiroshima. ABCC TR 8-61

( ME 8568 A O [EEaY 8T, HRHI1950—-538%. SFEir&)

YAMASAKI M: ABCC adult medical survey (ME35) preliminary tables on firsi



LANGE RD, MOLONEY WG: Preliminary summery of (non-leukemia) anemias seen in Uirosbima programs. ABCC  Semi -
annuwal Report, | uly-December 1952

(EmeEECR s N R@mELAO &M 2T 5 F M EEE)

LANGE RD, MOLONEY WC. Investigation of MES5 patients with abnormal bematological findings. ABCC Semiannual
Regort, January-J wne, 1933

(RmiEEmif e HF+ 2 MESSHEE M+ 20E)

Ministry of Health a‘mf Welfare: Nutrition in Japan, 1959, Nutrition Section, Ministry of Health and Welfare, lapan, Tokya,
December 1959

{ Bz #0F 255, 19594}

SNELL FM: Observations on the bematologic values of the Japanese. Blood 5:89-100, 1950,
(B Aok iE o)

ANEMIA IN THE ADULT MEDICAL SURVEY EHEORAEZMNBAE(MES) CHET2HEM
NAGASAKI (MES5)

Cases of anemia in the MES35 Survey in Nagasaki were Adam& Lange & X ©F Weden (&, 195177 H 4 5195348 7 B
studied from July 1951 to July 1953 by Adams, Lange, thio T EMOMESTENMEE IS sRLANME
and Weden. The latter, in a final MESS sucrvey report, "'L,L?‘ Weden (£, MESSWMEO MM ENd 12, 214
included the experience wich these cases. OIEF M+ 3 3EE2 EHT VWA,

The sample of 695 MES335 subjects examined in Nagasaki 1951t 2 5 195350 2 E IS, HEMTHEL - MESSIN
during the 2-year period from 1951-53 is shown by o

exposure status apd sex in Table 19. The exposed had B4 695 ADHMIRER] + & UHERI 5 A & #1912

been within 1500 m from the hypocenter and exhibited FHid, WO A 5 1500m i v T, ﬂ‘-'ﬁkl’f(‘i-h“"ﬁiﬁﬂ#é‘l’#mﬁ'
major  features of the acute radiation syndrome. The R - :
controls had entered the city after 1 Japuary 1946. The LAEREBLARTH 2. HIEL, 1946F1H 1IN
cases of anemia encountered were classified as shown in PRl AL T, BRLA ﬁ L oy S AT & FE20 RT.
Table 20,

Weden commented that there was a ‘significantly greater TR Eohizi, REATHEOL#RIOBER DA E
number of cases of normocytic anemia of unknown cause Bl Weden b Td, 2610, RREZERMLII>VT
among rthe exposed.’ In reference to the cases of iron = A A s K Tt ey .
deficiency anemia, he wrote thar, 'it has been suggested ; [H* fn‘ n ftﬁﬁﬂiizkl_é“ a mﬁ&’b ﬁ__l‘ ‘_?" b'__lﬁ ,_]HIFI[.:HJ. 51: O‘}
that the low iron diet of the Japanese may allow the ERIAECEDNAOTREPA I EEZGNS | Ll
hookwarm infestation to manifest itself more strongly.’ TLd.

TABLE 19 COMPOSITION OF NAGASAKI ME55 SAMPLE EXAMINED 1951-53
BY SEX AND EXFOSURE

%19 1951 —53:E® Bk ME G52 728 @ fink . 145 - pEARIREER

Exposure Male Female Total
HE BRI - k- it
Exposed #i## 114 234 348
Control R 115 232 347
Total fit 229 466 695
Comment The diagnostic criteria for the anemia cases e ;ijez“m MR L L O BRI T T
studied were not stated in the reporr, but may have been W& LT U B - r";} Lanie .k OF Moloey SRV
the same as those emploved by Lange and Moloney in & z A, LB ‘ang_‘ ”L‘ C R
Hirpshima. Supporc for this conjecture is found in the s L"}'-_‘|P| f:r:'(‘d‘lﬂ BEBhis, ZOL ZHENT SRE
fact that the 37 spemia cases reported on out of the 695 14, 695 AMfEETHMABTRAE &N, fiﬂrﬁm ME 55 # 4
examinations gives an overall Nagasaki MESS anemia EHELTORMEMEINEIUBTHEILTES.
prevalence rate of 3.3% This figure approximates the : = p e
prevalence of anemia ns defined in the Hiroshima MES53 gF, BEOMESHERE TR S EYJItl ) R 5
Survey. T4,
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TABLE 20 CLASSIFICATION AND RELATIVE FREQUENCY OF ANEMIAS IN NAGASAKI MES5 SURVEY
BY SEX AND EXPOSURE

#20 felf ME S5 @35 128

B HM o) 53 & FE A L

1 - MR B

Sex Type of Anemia

i kol £l

Exposed #8283 Contrals #8014

Hookworm Pregnancy ﬁggﬁi}as Hookworm

Total
Pregnancy g pemias

+ I s e )] g TH UL 8
Female Iron deficiency, cause unknown BETH O &K= 7 2 10 3 2 7
% Normocytic, cause unknown [5 [ 487 @ 3 #f il 8045 ] 4 11 1 4 5
Aplastic BE TR 1
Myelogenous leukemia 8% & 5 1 1
Total it 16 6 23 4 6 12
Male Narmocytic # 7 lLERTE 2 0
i
Total & # 25 12
However, the occurrence of 25 cases in the exposed L l, Hermd oo, dis-i2mashsc S, Hig
group and 12 cases in the controls suggests that the

frequency of anemia was twice as great in the exposed as
in the controls. Inasmuch as the Nagasaki MES55 hema-
tologic data have not been tabulated, it has not been
feasible rto investigate the validicy of this possible late
radiation effect,

Weden's comment on the 'low iron diet of the Japanese’ is
noteworthy because workers in Hiroshima at the same time
had expressed concern over the "high iron content’ of the
Japanese diet, a view supported by official governmental
figures. It is now known thatr Weden was correct on this
point but the evidence for his assertion remains unknown.
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REFRACTORY ANEMIA IN NAGASAKI

By the end of 1952, sereening of death certificates for the
previous 4 years in Nagasaki had uncovered 31 cases in
which anemia was listed as rthe primary cause ol death.
Further investigation revealed that 6 individuals had
displayed a syndrome of severe anemia, leukopenia, and
thrombocytopenia. These cases were reperted in detail by
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Lange and Kurasaki at an ABCC Symposium in March 1953
and ar a meeting of the Japan Haemartological Society in
April 1953, and were the basis for the article, 'Refractory
anemia in survivors of the aromic bombing in Nagasaki,
Japan,' published in the U.S, in 1955 by authors Lange,
Wright, Tomonaga, Kurasaki, Matsuoka, and Matsuna ga.

Autopsy material was available in 5 of the 6 cases and
the marrow was described as varying from normal cellu-
larity to almost complete aplasia, with fibrosis in one
insrance. All 6 patients were considered to have been
exposed to the atomic bomb. The refractory anemia,
occurring  4-7 years later, was presented as a probable
late manifestation of radiation injury.

article was published, several
developments have indicated the complexity of the
problem raised by the authors. First is the confusion in
terminology. Although Lange et al used the term "refrac-
tory’ in their title, in the body of rheir article they stated
that ‘all cases ... conform to a diagnosis of ... hypo-
plastic anemia,’ and in referring to occurrence rates they
used the term aplastic anemia. Subsequently, in several
references to this paper, the entity is generally called
aplastic anemia, ofren with the implication that the
marcow was severely deficient in hematopoietic elements.

Comment Since this

Related to rerminology is the marrer of varying concepts
of refracrory anemia as a disease entity, and the diagnostic
criteria for identification of cases. The criteria emploved
by Lange and associates were: A triad of anemin, leuko-
penia, and thrombocytopenia; absence of significant organ
enlargement; no evidence of leukemin or hypersplenism;
and inclusion of cases with varying degrees of cellularity
of the marrow. The same cases have nevertheless been
viewed differencly. Two of the cases in which the
survivors were within 2000 m from the hypocenter have
been considered to be instances of leukemia by one of
Lange's coauthors, In a recent ABCC technical report,
2 cases in Lange’s series were listed as confirmed
aplastic anemia, 1 as possible aplastic anemia, 2 as
acute leukemia, and | as lewkemoid reaction associared
withwberculosis.

According to current radiation dosimetric estimates,
ionizing radiation from the atomic bombs was not signifi-
cant beyond 2000 m from the hypocenter. Two of the &
subjects reported by Lange and associates were at
distances of 3800 and 4400 m from the hypocenter and did
not  exhibit features of the acure radiation syndrome.
Lange et al also considered this point but nevertheless

permitted the possibility that radiation was a causal
faccor.  Other writers have ascribed aplastic anemia to
atomic radiation in persons who entered the two cities

even afterthe first day of the bombings.

Lange and others have stated that even if one excludes
the 2 subjects who were beyond 1500 m from the hypo-
center, the occurrence of 4 cases of refractory anemia
among the estimated 3075 survivors who were wicthin that
distance from the hypocenter in Nagasaki suggests a
probable cause and effect relationship to atomic bomb
exposure. However, in the absence of uniform diagnostic
criteria, as described above, incidence rates are not
likely to be valid.

The authors also referred to 5 similar cases in Hiroshima
to be reported later, but no subsequent report has appeared.
In the U,S, Narional Academy of Sciences - National
Research  Council's  '"Pathologic Effects of  Atomic
Radiarion’ published in 1957, is a comment thar “up to late
1953 no cases of aplastic anemia had been found in
Hiroshima survivers who were under 2000 m from the
hypocenter.’ On the other hand, the concept thar radiacion
from the atomic bombs in Hiroshima and Nagasaki is

35

URiFd, ChomERIZo>LT,
ABCC 2 » ¥ 74 L1953 4 HOHAMIEHES It T &
MIzELTWS, Zhid, Lange, Wright, #85, & s,
BEsE PR AAGEF I kETRELARLITES 25 +S
AR LS B LA MR ot

19534 3 Az pfit & o

OB SHICoTHERMBFAFENATEY, B
m%%%ﬁ#fmébﬂbbﬁt&k%%ﬁﬁﬁTi%ﬁf
LOETHABATED, 1HIZadE asnr, BE
GARVTREFEFBRBM-ERLTVWS 2 sh, R
4 — TERIZEEL 2 ZOMBERMIE, &2 6 { e

EORBETHS I LIERENL.

FE ZOGXOBERUIE, v
AHEAL L 7

SHNEBI S -TEEL
O WEE S, E—ABORILTS
) uwubm LD L TR L ilFiEa R L
P A, AT [ A SR B o BB & B L 2
tm-\bh RELUEOWTOERTHETBMERM &

IRAEE MR L ;mﬁ.'mﬁx¢mmLﬁniw+m
ﬁ“ i, r&mu BUECFETARMERM &0 (Eh, i

MEFEHFEL {RIML T LR 0 1 [f e e o A

TOREOMBEFECMEFEIOE, BB LT oM
Eiz2nw T eSO L IEMOREECHo G n T 33
lir RETH 3 Iauge e [ 7 o T DR o - 2 S
OEENCHaE, Thbb, WL, FMCERED L B
bl 3?.&%3“.1‘7_1’\"5": Ly B EMEMEA SO A &
FUAMFE I RRREITEEDRIEN 2 v kT H D,
4 OFEO T AR EIE S L ‘”J.LH"J aFhA Ll

Fl—#EfIz 20T B2 R@ALEATVLS DL 4,
Lange M ERIFEF OV & g, B I_'.‘IJLJ.‘I' £ 2000m A 120 2

(R}

2flzam@mEEL TS, RIEOABCC Bt 5 50T 1L,
Mmemmgmkmzm_”MV$&r¢rﬂ%ﬁm 114
¢$m7mﬁ&ﬁ$$ﬂ&ﬁm.uﬂiﬁﬂﬂmm.it

1L s 0 L A S il R & LT
BLAE O Bt AT S, R TR kS T A

A [i W M A S 2000m BLSTIE R ETIE LA o/, Lange
FUzOMEMEEIREL 26D 5 b 2 (500 de Bk sEHE
Mrﬂrﬂ@b%;ﬂ%mmﬁ;dﬂwmg ﬁﬂ&ﬁ&m

L od, Lange 58 2O Sk E1E LA,
R ToR A LIELE
Ab, FERata

IEIEOER & s
MM FRECIE sl B
At AR T3 EETRIERM =
THEEFAEEI ELLAE.
Lange & (&80 2 5 1500m LS w2 & FRib LT 4,
HEFCHT S 1500m KMo BB EFEHEOTDNI &1 2 Wk
Wil 4 o e, ETEugke oMoERMEEOS S 2
}*TWTéﬁﬁ*Twa UL, T CCdatrlEn,
BB L WO T, BEEOHEIEET LY
- ?J A3

Ahsit, RBRCEFAAMELLESHAI>TEIRL,

HHBEzhaThad LT vad, ZoE#AEHEL
Tugl, 1957THEICHEEshAgEELRE— S RO [E
BSOS E e T oW N, 19538 &

52000 m A2 iR g EE

ENSa T 5

T E TR, L RTHRLHE A
BETRERMABERENE S22
Emﬁ;ﬁ?ﬁ:‘HaWﬁLiaﬁﬁw*m%fﬁiﬁm

—



responsible for cases of aplastic anemia is Ffirmly im- EROFEESE & o5 w3

planted in the Japanese literature. Marrow aplasia as a LTwa, BMHBOE -HEEOREBEL L ToBMEBNT
delayed effect of single-exposure external radiarion has LHREZ, TEBLMBOLFH 1M, T4 05095
been clearly demonstrated in only one lower mammal, the 3 A I o G e,

burro.  In man, the occurrence }l':!f aplastic anemia ,ﬁs a i P{ {lfll i %_&“'4 AT, Mﬂtﬁéf-fsiﬁ«.ﬁ’.? ﬁé&fﬂ:t
late sequel of irradiation appears to be so irregular and so LTOBETRERMORER, FRIZD2C, BEm
low in frequency that only a carefully controlled epidemio- EHBTEVOT, FEFE(ETHL AE2NAE0AHICL-
logic study can be expecred to sectle the guestion of a THRMGFOMMEzBETELITHS S, BFOLD S,

causal relationship. The experience with the atomic bomb O aFFICRE@ML AL, BEHEEBRETEE Lo LT
survivors provides the most suitable material ro dare for OBR%AHCHBENATES T, ABCC TIE, B, #Mas

such a study,  The problem is now being subjected to
critical review at ABCC, using a combined clinical, N o - i
pathological, and statistical approach. HTW#EL MG T EoT 03,
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FREQUENCY OF ANEMIA
HEMATOLOGICAL SURVEY

IN THE NAGASAKI

In November 1953, Moloney, in a review of the Nagasaki
hematology program, suggested that further investigations
be made in cases of anemia, leukocytosis, leukopenia,
and eosinophilia. In January 1954, Amamoto and Kurasaki,
in the ABCC clinic, independently began additional study
of hematological survey patients with hemoglobin levels
below 11,0 g/100 ml and leukocyte counts less than
4000/mm3. Although the April 1954 ME83 research
project outline called for referral of "all persons with
blood pictures outside rhe normal limits to the medical
school’ for special diagnostic examinations and treatment
to be supervised by Tomonaga, this arrangement did not
function sarisfactorily. In November 1934, control non-
exposed subjects were added to the survey sample and
follow-up observations were started on a proposed 20% of
those originally surveyed in 1953. These modifications
in the design of the survey were made in order to determine
the validiry of the earlier suggestion by Tomonaga et al
that anemia and eosinophilia were possible late radiation
effects.
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The only readily available results of this new deparrure IOWLUEABTC oG TOFHERE, ABCC HEHICHEN s h
&3,

were presented in an ABCC Semiannual Report. The ELOOSHESIIARTES, KMizM+ 2824 52110
figures on anemia are reproduced in Table 21, while Tz, BMERELE S FAMER E oM 2SR EET
those on leukopenia and leukocytosis are discussed later, 5, ZOHETIE, 1953F & L T19544E 1212 ﬁ']mmﬁi};ﬁ:
The values suggest a decline in the frequency of anemia FieLTWaEI 1282 an, HIE- ,j:.«‘;.ﬁﬁ 4 3
in 1954 compared to 1953, but indicate no clear differences G, L L 1L‘."Rf"¥i:‘,"?'r’ f :;m.j-':l-_ ;j}‘ 03 Ffm"'?"'m”i
telated to exposure. However, in the absence of more - M5 g_rh Y H .;.f'gctm L T R ‘;}‘r T hnll- -.;_;{f i II!-I-.
derailed dara on sex and age composition of the compari- '%.: . ﬁ'",‘_i: :} - ‘E,J--J"L% HEEEy SRR

son groups, noinferences seem warcanced.

TABLE 21 FREQUENCY OF ANEMIA IN THE NAGASAKI HEMATOLOGICAL SURVEY
BY YEAR AND EXPOSURE

#21  RWFMFEEATE A &0 5 WM OB ¢ SR - BENRIE R

Anemia
Exposure Year of _____EE_E_______ Total
518 45 18 Examination Examination
B EE Number (i %58 ]
f5) g %
<2000 m 1953 291 22.4 1300
<2000 m 1954 50 10.9 457
Control (Entered city afrer 1 January 1946) 1954 15 10.5 143

HUEHLMEE L H | BRI AR

Anemia defined as bemoglobin concentration: men, <11.0 g/100 ml; women < 10.0 g/ 100 mi,
WihkE, BT nEER-1L0g 100ml ; £TiE<10.0g . 100m1 .
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ETIOLOGY OF ANEMIAS IN NAGASAKI (Hgb Rx)

An ABCC Semiannual Report for 1954 referred to the high
frequency of anemia in the Nagasaki MES3 Blood Screen-
ing Survey with the statement that ‘the etiology of the
anemia is unknown in most cases," In February 1955,
Truax and Amamoto began an ‘Extended Study of Anemia
Parients (Hgb Rx)" in MNagasaki. A complete report of
this study has not been prepared, although some of the
results were presented by Truax ar a U.S5, Air Force
medical meeting in Nagoya on 31 October 1955 and by
Wald in 1956,

The sample studied consisted of 724 persons as shown in
Table 22, The general plan was to perform hemoglohin
concentration, serum iren measurements, and stool
examinarions on men with hemoglobin values less than
11.0 g /100 ml, and on women with values below
10,0 g/100 ml and then to treat them with oral iron for
1 month. Theose who did not improve were to be given an
oral vermifuge and to continue the iron therapy for a 2nd
month. These failing to recover after 2 months were then
to be studied more intensively with radioactive iron for
red blood cell uptake and turnover measurements, and
radiochromium for red blood cell survival time determina=
tions.

Elfics 1 3EMOKEA (Hegb Rx #ZE)

1954 E B2 ) ABCC H4E #1212, Bdfi- #7353 MES3MmEA 7
=y FPEETRODAERCRALGH, [FEAXOER
FPOWTHMOBHEREANTHS | BT HAE. 19558 2 {I:
Truax 2 FKAE, B0 T [RMAEOIAEE( Heb Ry
Mg L 2. SOME OO —40E, 1955108 3LH, &
HERETHEBENAREERESSI 0T Truax 5L,
$ /105651 Wald 2" HETE T3, Teifs)

fErtc e i = .

#BRImRTEELD, HEHFET AT sAT A, £
ke Fme LT, MEERAH1.0g - 100ml LITO%R,
#EU10.0g 7100 ml PFO®Izo2nT MBFER L Misn
MlEsLtUREsEEL, 12AMBO0MBHERETE 3 2
ElZLTwk, BRI 25 04WHE 200 T 0 AR b jE R
T &-T, 611 & FA MER LS MR 5 hmTH- k.
2hHBCEAEORBO L auE T2 LTI, KatiEikic &
SMEENE L EREOMEL L URIHE 0 - L1 L3
BB GOEEL YOMERELTE ) S0 T W,

TABLE 22 COMPOSITION OF ETIOLOGY OF ANEMIA STUDY SAMPLE (Hgh Rx) IN NAGASAKI
BY SEX, EXPOSURE, AND TREATMENT

#F22 BWICETASRMOBERIZD>STOME(Heb Bx ) B E DR : - BRIKE - B8RO H %5

Tron=-treated Not treated Total
Exposure [ T AW S L &
LR Male Female Toral Male Female Total Male Female Total
n * it EE 4 it % 3 it
<2000 m
With acute radiation symptoms
= 14 57 | 46 S8 104 60 E1S 175
B RIERD 5 5 - -
Without acute radiation symptoms _ -
i % &
BPEROM IR D & b e B 52 131 183 133 230 149 264 413
Control i+ 4 23 27 52 57 109 56 80 136
Total #f 70 211 281 195 248 443 265 459 724

Tabulations of individual values before and after trear-
ment and abstract cards on each patient are on file in the
Deparcment of Statistics but have not been available for
this review.

Truax reported that there was a *12% incidence of anemia-
hypochromic and usually microcytic in type ... based on
hemoglobing of less than 11.5 g/100 ml in males and
10.5 /100 ml in females.” The anemia was regarded as
due to iron deficiency, the contributing factors being
'poor iron intake in the Japanese diet and blood loss
through worm infestation, particularly ankylosiomiasis.’
It was alsc observed that other anemias were 'complicated
by the overlay of iron deficiency.” About 10% of the
subjects studied did not respond to treatment with iron.
In these instances, Truax noted thar ‘the anemia is nor
due to known causes' and that ‘insufficient number of
controls are available toe test this as to the effect of
radiation.’

Serum iron and iron binding capacity were measured by
the Schade method. The results were summarized in a

EBEOEBNBEOMEETOUEL@AMERE - Fi
B -RERELTHAN, $EOZOBIEAHETE L

o

Truax &, [MEERHFFHTIL.5g 100 ml PIF, €T10.5¢

100m] P T AEdELs L A0 0o EEFIFI2%TED,
OFMFEAREET, ¥FEd P ROBECLOTHE2 2] L
MELTwd, ZoRMmME, RZOLNT, TOREBRTF
ATHAEAD KT SHTERROTRE E, dFE g
Bt TiRBRECL BRI THIEEA DN, £ L
FOMOEmME TERZOGMAb2 | EREEh . EEE
ORMU%IERELEGTH L, Zhon@@WT IR
NFEEETHTEN ] E-TREBEOERTCs: AT
Taigtatnic, HHENL L I RATHS] £ Truax

st v s,

Il 8kt & TFRE S5 S HEIL Schade iz kWillE =N, 20
ERIL Wald # 20 Truax Y EFE B THS196F M L
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1956 paper for which Wald and Truax were the senior

authors. Wald and Truax have recently provided more
complete data which are given in Tables 23 and 24.
Additional male controls consisted of 66 Japanese

prisoners in Isahaya City (24 km (15 miles) northeast of
Nagasaki City) and 49 American naval personnel stationed
in Sasebo City (88 km (55 miles) northwest of Nagasaki
City), Truax commented on the lower values noted in the
Japanese compared to those in the Americans examined
during rthe same period. He stated that the serum iron
figures were lower even in Japanese with normal hemoglo-
bin levels, and that in such persons, after oral administ-
ration of iron, *the serum bound iron increases o 100% in
some cases,” [His interpretation was that inadequate
dietary iron and blood loss, caused by warm infestation,
induced chronic iron deficiency in which the body iron
stores were depleted and the serum iton reduced, although
the hemoglobin concentration remained normal. He
concluded with the remark thar this hypothesis would be
tested using radioisotopic techniques.

Comment It will be noted that the sample of anemia
patients (Hgb Rx) (Table 21) was not identical with the
sample of those who had serum iron determinarions
(Table 23). The lawer sample is considerably larger for
it included many nonanemic persons. The definitions for
the exposed and controls for the Nagasaki members, and
the precise dates of the periods of observarion, were not
stated so chat it is difficult re determine rhe inter-
relationships of the two samples,

Although supporting data are not readily available, the
interpretations of Truax and Wald deserve comment. The
estimate of a 127 prevalence rate for anemia is in fair
agreement with other figures. Although in 1953 Lange
and Moloney had pointed out the predominance of hypo-
chromic (and by implication, iron deficiency) anemias,
apparently this finding bhad not been generally accepred,
for several subsequent statements referred ro the unknown
etiology of the anemias so commonly encountered in
survivors,  Truax and Wald resrated the imporrance of
iron deficiency in clear terms, and then went on te apply
the newer concept of depleted body iron stores in the
pathogenesis of this disorder. The concept led to the
speculation thar the lower hemoglobin levels in women
might be a consequence of inadequate body iton reserves,
and that lower serum iron values in Japanese men as
compared to American men might be a more sensitive
index of iron deficiency than hemoglobin values.

No statement was made concerning the statistical treat-
ment of the data on serum iron levels., Scrutiny of these
values in Table 24 reveals that there were no consistent
differences between the exposed and contrels.

The serum iron values were distincely lower for women
than for men in all age groups, and the iron binding
capacity values tended to be a little higher in women
than in men. This is in accord with sex differences noted
in normal Caucaspid populations. However, the mean
serum iron value for [apanese male prisoners was lower
than that for all Nagasaki males, while the mean for
American naval personnel was considerably higher than
for Nagasaki males of all ages. This evidence supports
the concept of reduced stored body iron in Japanese as
compared to Americans, but furcher investigation with
more reliable methods for measuring body iron stores
seems desirable., Etiologic factors, listed by Truax and
Wald, were inadequate dierary iron, menstrual and hook-

worm blood less, and childbearing. The relative
importance of these as well as other facrors in the
pathogenesis  of iren deficiency in  Hiroshima and

Nagasaki have yet to be determined.
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TABLE 23 MEAN SERUM IRON VALUES IN NAGASAKI BY HEMOGLOBIN VALUES AND SEX
#23 BT &0 A M B : MR - fEN

Hemoglobin Male 5 Female &
nERE Number be]rn;l;;;;nn Number SH?;’?ﬁ;rn
g/100 ml 17 £ 3 ) #

[L&/100ml He/100ml

4.0- 4,99 = - 3 62

5.0-5.99 - - 3 50

6.0- 6,99 3 ¥ 12 78

7.0- 7.99 8 55 16 55

8.0- 8,99 5 73 36 51

9.0- 9.99 11 67 635 67

10,0-10.99 15 76 80 81

11.0-11.99 34 97 128 101

12,0-12,99 45 111 123 115

13.0-13.99 46 117 59 115

14.0-14.99 33 126 34 129

15.0-15.99 9" 138 15 126

16,0-16,99 2 121 - -

TABLE 24 MEAN SERUM IRON AND SERUM IRON BINDING CAPACITY VALUES IN NAGASAKI,
ISAHAYA PRISONERS, AND U.S. NAVAL PERSONNEL BY AGE, SEX, AND EXPOSURE

#20 ROERERBATO R A & ORE o HE A 0 M T & I BRAS & RE T
o - 4% - AR AR

Serum [ron [Lg/100ml Serum Iron Binding Capacity
Ao oL % #k #5 6 fE
Sex Age
1 Y Exposed Control Exposed Control
Eod: e WA EsR e

Number Mean Number Mean Number Mean Number Mean
{7 # T fif 1ol ke - Hg i o & -l 1l & 5 i

NAGASAKI i

Male 24 52 110.9 28 113.0 55 225.0 26 239,0
EE 25-44 71 124.0 17 110.0 62 193.5 15 224.0
45 + 82 111.0 9 134.0 81 220.0 9 218.0
Tocal # 205 115.0 54 119.0 198 212.8 50 227.0
Female 24 60 98.5 27 97.6 67 243.0 27 243.7
kS 25-44 202 84.3 35 93.2 207 264,7 35 239.5
45+ 7o 87.06 19 81.5 89 242.6 18 257.8
Total #t 341 90,1 81 90.7 360 250.1 80 247.0

ISAHAYA PRISONERS #F A

Male # 66 91.8
U.5. NAVY, SASEBO (& i {f 4FEEEEA
Male % 40 157.3
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It should also be pointed out that iron deficiency is not
the only cause for low serum iron values. A wide
variety of chronic illnesses may be associated with
reduced serum iron concentration in the absence of iren
deficiency.

This study of the etiology of anemias, while indicaring
the remarkably high prevalence of iron deficiency anemias
made no mention of the occurrence of non-iron deficiency
anemias in exposed vs controls. These include anemias
telated to underlying diseases, such as chronic inflam-
marion, kidney disorders, and cancer; hemalytic anemias;
megaloblastic anemias; and the heterogenous group of
tefractory anemias. Investigations of these classes of
anemias need to be initiated, and the results documentac-
ed before a complete picture of anemia as a late radiation
effect can be known.
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DIETARY IRON STUDY IN HIROSHIMA

The wide prevalence of iron deficiency anemia in samples
examined at ABCC, described in the preceding sections,
led to investigations of etiologic facters, In Hiroshima,
Sears and Noble completed a study on nutritional iron in
October 1955, Some of the results were briefly alluded to
in two summary publications, bur a detailed reporc was
not issued.

The sample consisted of 689 Hiroshima individoals
examined at the ABCC clinic. Each subject was request-
ed to record the food items and quantities consumed each
day for 14 successive days, Daily dierary iron and
protein content estimates were calculated from tables
given in @& Japan National Food and Nuwrition Council
publication of 1951,

Tabulations of the results are available, but staristical
analysis of the dara was not performed. Mean values for
daily dietary iron and protein by sex nnd exposure starus,
and mean  hemoglobin  concentration values for the
corresponding categories are given in Table 25.

Comment  Judging from these mean values alene, and
without the benefit of estimartions of variation, no
consistent exposure differences are apparent. However,
it appears that there were distinct differences berween
the sexes in dierary iron and protein content, as well as
in hemoglobin concentration. A possible association
herween hemoglobin level and dietary iron, and between
hemoglobin and daily protein intake, within each sex has
not been subjected to analy sis.

The data were also tabulated in order to reveal possible
influences of hookworm, as manifested by ova in the
stool, menstrual blood flow; and number of pregnancies
on hemoglobin concentr ation and dierary iron and protein.
Perusal of the mean values yields no obvious and
consistent relationships.  This tentative interpretarion
does not, of course, disprove the etiologic role of these
factors because their intecrelationships in the pathogene-
sis of iron deficiency anemia are known to be quantita-
tively complex. The clinical as well as heuristic
importance of these considerations enhances the value of
this large body of data assembled by Sears and Noble
which deserves statistical treatment and full discussion
in an open publication.

The mean ahsolute figures for daily iron intake which
emerged from this study were considered in two publica-
tions to be “marginal for males and below the usual
minimums accepted for females.” When compared to the
minimal requirements recommended in the U.S., rthis
assumption appears to be valid. On the other hand, the
usual pattern of Japanese meals differs considerably from
that in Western countries, and it may well be that
digestive chelating and absorptive facrors account for a
smaller portion of ingested food iron being transferred
across the intestinal mucosal membrane. Application of
newer rechniques for measuring iron absorption from
customary Japanese foods in Japanese subjects would
appear to hold promise in clarifying this problem.

A passing comment on the dietary protein estimates
seems appropriate, When one considers the smaller body
size of Japanese individuals, the absolure [ligures for
daily dietary protein indicate thac protein deprivation was
apparently not prominent in Hiroshima in 1955, This
evidence and the favorable hemoglobin response to iron
therapy reported by Truax in the preceding section
suggest that dietary protein was probably not a major
factor in the pathogenesis of the anemias encountered
at thar time.
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TABLE 25 MEAN DAILY DIETARY IRON AND PROTEIN ESTIMATES IN HIROSHIMA 19535,
AND HEMOGLOBIN CONCENTRATION VALUES BY SEX AND EXPOSURE

#25 FAEpOSLIEANOHEl DROFS L MEER, KiH, 1955 % - AR

Sex Exposure Subjects Hemoglobin Dler. &N
% LR R i =it Fe mg/day Protein g/day
/100 ml 1HY2 908 lAYAEDOEER
Male <2000 m 209 12.87 13.00 78,68
% 2000-2999 26 13.41 13,50 81.64 (25 subjects )
3000-9999 69 13.28 13.12 79.13 (68 subjects )
Total #t 304 13.01 13.07 79.03 (302 subjects )
Female <2000 m 280 11.42 11.56 62.89
% 2000-2999 14 10.81 11.75 61.86
3000-9999 91 11.53 11,92 63.32
Total 385 11.42 11.65 62.96

3000-9999 m were control subjects. 3000—9999m (& 5 M
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HEMOGLOBIN TYPES

In an ABCC Semiannual Report (1954), it was remarked
that the determination of the frequencies of hemoglobins
A, 8, C, and F in Japanese persons would add ro the
general knowledge of hemarology, and possibly explain
some of the numerous cases of mild anemia *for which no
etiology has been established.’ It was furcher speculated
that there might be an elevation of hemoglobin F con-
cencration in the red blood cells of exposed persons
‘whose bone martow [unction may have been depressed
with subsequent production of myeloid metaplasia.’

Sears and Dobos began a survey of hemoglebin types in
July 1954 using the paper electrophoretic technique for
hemoglobins A, S, and C and the alkali-denaturation
method for hemoglobin F.

The results were not reported in detail but were briefly
mentioned in twe publications by Wald, Truax, Sears,
Suzuki, and Yamamoto in 1956, and by Wald in 1957. It
was stated that feral and abnormal hemoglobins were
sought in 800 cases of anemia in Hiroshima and thar no
abnormalities  were found. Recently  alkali-resiscant
hemoglobin values for 200 subjects in Nagasaki reported
in February 1956 by Sears have become available
(Table 26),

e FER

ABCCH:ER(19ME | T, FEAZEG2MBEZEA, S, C,
FOB@REBRETEN L, MBSO 2002 mB A+ L[
BRI T3 A T OB SO mA 2 Bs shT v adho—a
EouTHMIEEICzare LAz0 Ll 2THES. &5
(ol -3 0 B i8S AR TN IRl <ol 78 e e ol Ll 4
DEEHMBIOFMEIZE, IEEFOWMFES78 L
Havkidrshtoua,

19544 7 J1, Sears 4 & ¢ Dobos 14, MEHEWIZ>0 TN
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ZTORRUEFMIME = A2 horh, 1956FE0 Wald, Truax
Sears , iR HLTWAOHEL195TIEO Wald 0 o & 7
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HMBEHXEOWMHE LAY, BEERER a2 L@t
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TABLE 26 ALKALI=-RESISTANT HEMOGLOBIN CONCENTRATION BY SEX AND EXPOSURE, NAGASAKI
26 T N VLRI R R, BaFc fE - BHRIREER
Male % Female 4
Distance
5 Number Alkali-Re sistant b Number Alkali-Resistant Hb
{7l 41 TN AR g 1l & Tk A AE B L 3
m o %
<1000 4 1.00 3 0,98
1000 = 1499 13 0.93 30 0.80
1500 - 1999 15 0.77 29 0.76
2000 - 2999 [ 1,00 18 0.83
3000+ 32 0.91 19 1.23
Control #fli 9 0.92 19 0.73
Total @ 79 0.90 121 0.87
Analysis by Seo in December 1955 revealed a ‘slight W A 19554 12 F 1217 % » A HEIT O #5%, IEHIRMEREIEH (138

tendency’ (ar the 5% level of significance) for the more
closely exposed to have higher values, bur *that the
number of examinations was not large enough to draw any
positive conclusion.’

Comment  The apparent absence of hemoglobins S and
C in Japanese subjects has been confirmed by several
subsequent surveys including one on 2231 Hiroshima
nonexposed school children by Fujiki. In his survey,

Fujiki reported having found two instances of a high
percentage of hemoglobin F  bur with no associated
abnormalities. Other abnormal hemoglobin svndromes,
including the thalassemias, appear to be virtually

absent or exceedingly rare in the Japanese,
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Investigarions since that of Sears and Dobos have shown
that hemoglobin F concentration is nor a reliable index
of a return of hematopoiesis to fetal sites (myeloid
metaplasia) in adults. Although there have been case
reports, based on histopathological material, of myeloid
metaplastic  disorders occurring in a few exposed
survivors, there has not as yet heen a clear demonsera-
tion of a causal relarionship to atomic radiacion,

As discussed previously, most of the instances of mild
anemia encountered at ABCC, earlier considered to be of
unknown eriology, have since been found to be a conse-
quence of iron deficiency.
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RADIOISOTOPE OBSERVATIONS

Lange and Moloney, in a ABCC Semiannual report (1953),
suggested the vse of ‘more refined technigues, such as
radioactive  iron absorption and utilization,” in the
investigation of the anemias,

With the establishment of an isotope laboratory in
Hitoshima in Ocrober 1935, Wald, Truax, Hoshino, Sears,
and Tinsley began research (MES7) on macrocytic, iron
deficiency, and refractory anemias. The techniques were
described by Wald, Hoshino, and Driscoll; and Hoshino
and Wald. The results were summarized by Wald, Troax,
Sears, Suzuki, and Yamamoto in 1956; and by Wald
in 1957,

The purpose was 'to investigate in greater detail the
possibility that radiation was related 1o the development
of anemia." [n 45 cases of severe anemia in exposed
subjects in Hiroshima and 12 in Nagasaki, Cril red
blood cell survival and blood volume measurements, and
FedY uptake, utilization, and turnover tests ‘were corrobo-
rative of iron deficiency anemia in almost all instances.'
In the most severe cases, there was also some evidence
of slightly diminished eryvthrocyte lile span,

Cob0-labeled vitamin B«12 intestinal absorption urinary
excretion measurements in 12 instances verified the
diagnosis of pernicious anemia in 2 cases and of macro-
cyric apemia of surgical inteStinal anastomosis in 1 case.

Comment No report on refractory aneémias was made but it
is noteworthy that in a Hiroshima case, previously
designated as aplastic anemia, a pronounced shortening of
the survival time for circulating red blood cells led to a
tevised diagnosis of hemolytic anemia.

The results reviewed here indicare that elinical radio-
isotope techniques would be useful in differentiating
cccasional instances of anemias in which the diagnosis
or the defect in ted blood cell kinetics would not be
readily appatent by simpler means. However, it is hardly
likely that radioactive materials would single out cases
of anemia postulated to be radiation-induced, As original-
ly sugpested by Lange and Moloney, tracer elements would
probably prove helpful in evalvating the relative roles of
nutrition, absorption, and blood loss in the pathogenesis
of iron deficiency as it occurs in Japanese subjecrs, for
this entity consStitutes the major anemia problem in
Japan at present.
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[nvestigations of cases in which there were abnormally Bk A BREIEOFENE L EmeER My sNE
low ot elevated leukocyte counts were referred to in two WTIE, 220ABCCREEI-BELohT VS,
ABCC Semiannual Repoms,
The first account was by Lange and Moloney on the first Mt % 11, Lange & Moloney @ A8 MESSE£WED
cycle examination of the Hiroshima MESS survey. Out of HE1EAmMBRECIMTI3LOTHS, MESEERATENIL LT

4238 MESS examinations, 39 subjects had total white
blood cell counts uader 4000/mm3, The composition of

L2BAII2NTHREZITE 288, 80 MEREEA4000 / wm ?

this group of leukopenic parients is shown in Table 27. LIFObOA380 & -4, 2050 i EREE b o k(2 &27
Of the 25 subjects who returned for follow-up examinations 123 Loz, B UNREEE & % 0 < 26000 rb 100 12 5 U0 ER A o) dR 5T
10 had a persistent leukopenia. The bone marrow marerial A GRS, ThhOEDS 3G ORI RS EES
in 3 of these cases was withour abnormality and ne S e 2 S, i E
appacent cause for the leukopenia was found. AT, AMHELOME:FEEBRTE 200,
Leukocytosis, dff'mud as a white blood cell count greater EMERM £ M ER $A12,000 “mm? L EO LD LR L
than 12,000/mm?, was observed in 39 of che 4238 subjects : ; u S <
surveyed. As seen in Table 28, only 4 of the 29 patients W, MEMBRELBAPE BT oA RN, B28T
who had repear examinations were found te have a MA LIz, BRAEXIT L2290t 4 (8O & HILERY £
sustained leukocytosis, In 2 instances there was asso- i = e e b ;
ciated eosinophilia. In the other 2 patients with elevated DEFEAGED SN, T 55 2PN HMED & S IF R
levkocyte counts, abnormal white blood cells were EHA SN, Mo 2 R mE S B R
present in the blood and marrow suggesting possible early N . . .

granulocytic leukemia. EhNs2HBMERHHED NS

Lange and Moloney concluded with the statement that no Lange & Moloney 13, #OM S Ml L THIMEREED & L

statistically significant differences were found in the o . Ty g 3 . n
occurrence of leukopenia and leukocytosis in the exposed URAMBRMENRELL SV THRE L HBRELOMIZTAS

vs centrols. HHMCHFELEERD o h o bdlingk,
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TABLE 27 FREQUENCY OF LEUKOPENIA IN HIROSHIMA MES5 MEDICAL SURVEY FIRST CYCLE EXAMINATION
1951-33 BY SEX AND EXPOSURE

#27 BMEGRD OWMEE, K MESSEFHE, 251 EME%1951—53%F « i - HHIKEE ]

Leukocyte Count Status Sex Exposed Control Total
F ol Bf 4K 18 (i i B &
Initial leukopenia M # 3 12 15
ARG G MLER b F % 20 4 24
Total #f 23 16 39
Returned for examinarion M5 1 7 i
BRAR F % 13 i 17
Total fl 14 11 25
Persistent leukopenia M 5 1 3 4
E L TR R oL e 4 d F & G 0 I
Total & 7 3 10

Total leukocyte count <4000 /mm3.
S MR 2

TABLE 28 FREQUENCY OF LEUKOCYTOSIS IN HIROSHIMA ME535 MEDICAL SURVEY FIRST CYCLE EXAMINATION
1951-53 BY SEX AND EXPOSURE

#28 RULERY 2O 8EE, RAHMESESRME, & 1 MMMES1951-53F 1 - #IRIKER

Leukocyre Count Statns Sex Exposed Control Total
[ERIR: &84 i 2 feE o ik
Initial leukocyrosis M B 7 12 19
ORI ] ULER 1 % F % 9 11 20
Total @&t 1n 23 39
Returned for examination M5B 9 13
LLa F % 8 8 16
Total #f 12 17 29
Persistent lenkocytosis M B 2 a 2
5] 1L £R K 5 F # i} 2 2
Total it 2 2 4

Total lteukocyte count > 12000 /mm3,
19 B b

TABLE 29 FREQUENCY OF LEUKOPENIA AND LEUKOCYTOSIS IN THE NAGASAKI MES3 SURVEY
BY YEAR AND EXPOSURE

#29 FUMERE L H LU SO, BEwfMESIME : £E - BRREN

Leukopenia® Leukocytosis**

Exposure Year of £ i B L HImER Y £ Total

'r-p e Examinacion Naniber Namber Examinations

RIRIA R 0 1 ol e B i 2 e 2
<2000 m 1953 71 5.5 10 0.8 1300
<2000 m 1954 13 2,8 14 3,1 457
Control M & 1954 4 2.8 1 0.7 143

*Tatal lenkocyte caunt <4000 Jmam. “sTotal leukocyte count > 12000 /mm3.
HEohgk L s 8
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The second investigation in which cases of leukopenia
and leukocytosis were separately listed was part of the
Nagasaki ME83 hematological survey in 1953-54. Neither
the precise dates during which the observarions were
made, nor the author's name, were recorded. Tahle 29
shows the frequency of leukopenia and leukocytosis in
the groups studied, These results were presented
without accompanying comment concerning analysis or
interpretacion.

Comment It is informative ro compare the frequencies of
initial leukopenia and leukocyrosis in the Hireshima MESS
first cycle examination as reported by Lange and Moloney,
with the expected frequencies on almost the identical
sample derived from a table of the discribution of white
blood cell counts in the compilation by Hollingsworth,
Beehe, and Yamasaki. It is apparent that only abour half
the cases of leukopenia and leukocyrosis encountered at
the ABCC were reporced by Lange and Moloney. The
statement by these authors thac there were no significant
exposure differences may be related to the smaller number
of cases investigated by them. Both Kastenbaum and
Beebe, in separate analyses of the MESS data, found
significant  differences in the total leukocyte counts
related to exposure. Beebe expressed this change as a
general shift toward lower values in the exposed of both
sexes and essentially all ages. However, the magnitude
of the shift was very small and the results of other
analyses for exposure differences in all samples ar the
ABCC lead one to doubt that the slightly lower whice
blood cell count was an actual late radiation effect.

The failure to demonstrate either a sustained leukepenia
or leukocyiosis in a sizable proportion of cases in which
repeat examinations were made by Lange and Moloney, is
in accord with a recenr analysis showing that there was a
poor correlation between leukocyte counts of a given
individual in 1951 compated to 1953, In a few instances,
persistent  leukocytosis heralded the onser of chronic
granulocytic leukemia. However, to date there has not
been o clear demonstration in the ABCC samples that
cases of sustained leukopenia are forerunners of grave
disease,

Although there are seemingly sizable differences in some
of the [requencies of leukopenia and leukocytosis in the
Nagasaki MEB3 survey (Table 29), the smallness of the
control group calls for caution in drawing inferences abour
exposure  effects. Likewise, no conclusive statement
regarding apparent discrepancies between the Hiroshima
and Nagasaki figures seems wacranted. The somewhat
higher leukocyte counts noted in Nagasaki as compared to
Hiroshima during the years 1950-57 do not appear to be
reflected in the figures on leukopenia and leukocytosis in
the two ciries shown in Tables 30 and 3 1.
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TABLE 30 PREVALENCE RATES OF LEUKOPENIA IN HIROSHIMA MES55 MEDICAL SURVEY,
FIRST CYCLE EXAMINATION BY SOURCE, SEX, AND EXPOSURE

#30 AMEEE-YORME, KHMESSEEME, 51 EMWSE HAF - - FORKER

Exposed Control Total
H% A g it
Sex Source
tE AT Number Number Number
i 1 % i & 7 i 8 %
Male % LM 3 0.4 12 1.4 15 0.9
HBY 16 2.0 16 2.0 32 2.0
Female # LM 20 1.5 4 0.3 24 0.9
HBY 29 2.3 18 5] 47 1.9
Total # LM 25 1k 16 0.7 EL 0.9
HBY 45 2.2 34 1.7 79 1.9

Total leukocyvte count <4000 / mm
#F R 2
LM: Lang, Moloney report

HEY: Hollingsworth, Beebe, Yamasaki tabulations

TABLE 31 PREVALENCE RATES OF LEUKOCYTOSIS IN HIROSHIMA MES55 MEDICAL SURVEY,
FIRST CYCLE EXAMINATION BY SOURCE, SEX, AND EXPOSURE

#31 FIMERNS £ oS, LESMESSEEME, & 1 BMGEEE WA - - RRERN

Exposed Control Tortal
X g Bl E it
Sex Source
{4 il Number Number Number
i1 % 2 % i 3 %
Male % LM 7 0.9 12 1.4 19 1.1
HBY 15 1.9 19 2.3 34 ;]
Female % LM 9 0.7 11 0.8 20 0.8
HBY 24 1.9 27 2.2 51 2.1
Total it LM 16 0.8 23 1.1 39 0.9
HBY 39 1.9 46 2.3 85 2.5

Total leukoeyte count >12000 /mm3

i2 [ 2R $

LM: Lang, Maloney report

HBY: Hollingsworth, Beebe, Yamasaki tabulations
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DECLINE OF THE LEUKOCYTE COUNT IN
HIROSHIMA

The frequent occurrence of leukopenia, referred ro in rhe
preceding section, led Suzuki and Yano in 1956 to
examine yearly leukocyte counts in samples scudied at
ABCC in Hiroshima during the preceding 9 years., The
results were first reported in Japanese at the April 1956
meeting of the Japan Haematological Society, Subsequent -
ly, Wald's extended observations appeared in  two
publications and in an unpublished report by Miller atr a
meeting of the National Academy of Sciences-National
Research Council Subcommittee on Acute and Chronic
Effects of Atomic Radiation in the U,S. in 1957,

EBICH 1T 3 0 MRS 8

BUAETH 2 k5 CAMME P HE AN EOT, fk
LRFIL, 19565 4 5 MK OEMIZEBABCC TR % £ 2 1+
LEOBAMBMLEERNIHBH TS ILA,. 2080
DUTI(E, 1956 4 A CEE A ENB¥S e TR
HicEEashk 0%, Wald iz L5 2 MRER 105
OW|ELLTHRESN, $-LHRBPEE LT Miller (2 F -
TIOSTHEIZRER L —ENEROE T RS L2 8 s
SUBMREE Mt AN ERETHRE N,

FIGURE 3 AVERAGE LEUCOCYTE COUNTS BY YEAR
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Group C Exposed: Within 2000 m ATB with major radiation symptoms; Control: 3000 + m ATE,
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The decline of annual mean leukocyte counts, shown in
Figure 3, was most evident {rom 1947, when the value
was approximately 9000/mm3, to 1956, when it reached
5500 'mm3. This downward trend was npoted in the
controls as well as in the exposed and therefore was not
atiributable to radiatien from the 1945 atomic bombing.
White blood cell differential count percentages (Table 32)
exhibited no significant changes during the same years
except for the progressive fall in eosinophils which the
investigarors related to a decrease in intestinal parasitism,
Data recorded by others on normal leukocyte counts
elsewhere in Japan from 1914 to 1956 suggested a similar
decline, although of lesser magnitude.

The explanation for this phenomenon was not evident, bur
the writers listed the following factors as worthy of
consideration: ‘less willing acceptance of the results of
Occidental scudies as valid for Japan,” changes in cell-
enumeration techniques, diet, medicarions, fuels, food
chemicals, insecticides, and sources of ionizing radia-
tion other than from the atomic bomb.

RN AAELR . R 3000 m KA

Bl3zmblThadL iz, FERBTEAMERLO M I£10478
HERLIHECRbNES, HEFEH0000 m* Th-EH
fHATLI956 12 145500 “mm 3 (2% 5 /. SO o @ik, B
WECHSRE CLRBIZAS N, 1945 0 B oo a0 &
HtatonTidghalk, BSOS MR R $£32) 2
i, E4FBRMoFL ROt EELT(RILE
Aof. SR LTIETRES 5 (EIB N & Ao &b
A ha L L2, RIS L1914 S 5 19568 £ TO
BIZHEN MO FTEFE N EEOMREOEH»EL,
BIERL a2V REO L AREE L,

CORENHEHEMA A TREIVS, FNSOESTERT
NEELLTADODEHT TS, [EECHEESL RS
BdRizd@AtTal w3 Ecf- 38 FodEm, g
HWEoZE®E, &£B, BERS, M, BRLesth, S
EE =R SUEINOR 4 -3 ¢ b



TABLE 32 AVERAGE DIFFERENTIALS BY YEAR — GROUP B AND C

#32 FERAMSSHE - BHIUCH
Neutrophils & R
Group Y ear Cases Lymphocytes Monocytes Eosinephils Basophils
B B file  Segmented Band Toral 3 ateh g3 AT 8 B K42 5
ar i ik @H

Group B Exposed 1950 108 51,9 4.3 56.4 28.5 6.5 B.0 0.6
e o3 51 773 a7.6 8.1 5.7 8.6 6.3 8.8 0.6
52 B56 49.6 7.0 56.6 28.4 6.8 7.8 i

53 977 52.4 4.2 56.6 28.6 7.0 6.7 0.7

54 602 53.8 3.5 57.3 28.6 7.0 G.4 0.7

55 507 51.5 4.3 55.8 30.8 7.3 5.6 0.6

56 330 53.1 3.2 56.3 30,4 a7 4.6 0.7

Caontrol 1950 197 4.4 3.8 58,2 25.3 6.5 9.4 0.6

ol 51 1534 48.7 7.9 56.6 27,7 6.7 8.8 0.6

52 1144 50.0 6.8 56.8 28.1 6.7 7.8 0.6

53 550 51.7 4,7 56.4 28.4 7.3 T.2 0.7

Group C Exposed 1953 715 52.9 4.1 57.0 28.4 7.0 6.9 0,6
CH e 1 54 1257 54.5 3.5 58.0 28.2 7.0 6.2 0.6
53 820 51.3 3.5 54.8 3L.5 7.5 5.5 0.7

56 386 53.0 2.9 55.9 31.1 Tud 5.0 0.7

Control 1953 96 53.2 3.6 56.8 28.7 T2 6.8 0.5

o A 54 962 54,2 3.2 57.4 28.7 ol 6.1 0.7

55 611 51.5 3.6 55.1 31,0 7.6 5.6 0.7

56 229 52.0 2.9 54.9 31.5 7.6 5.0 0.7

Comment Recent research at the ABCC has confirmed the #E FABCC TEL AWETIE, ERCIMEFEDRS

observation of a decline in leukocytes in Hiroshima not
associated with exposure to the 1945 atomic bomb.
Although the precise eriologic factors have not been
defined, rhe following pertinent points have been explored.
A similar decrease occurred in both controls and exposed
in Nagasaki during the same years although the absolute
figures were slightly higher in Nagasaki than in Hiroshima
from 1950 to 1958, The phenomenon occurred in all age
groups of both males and females. The shape of the
distribution curves of leukocyte counts for different years
was similar. These results support the concepr that the
decline was not due to the disproportionate influence of a
subgroup of the samples studied. When the numbers of
major morphologic cell types were expressed in absolute
values, the decline was chiefly atrributable to  the
neutrophils, and less to lymphocytes and eosinophils,
while the monocytes remained without significant change.
The phenomenon was not cleacly related to any of the
known commorly occurring diseases, for the only diagnos-
ed disorders having annual prevalence rates greater than
1.0%, which showed a similar reduction in frequency
during the same period, were intestinal hookworm and
ascaris disease. However, the annual mean leukocyte
counts for persons with and without these parasitic
infections were almost identical,

It would seem important to derermine whether a similar
phenomenon has occurred elsewhere in the world,
Strictly comparable data are difficult to obrain because the
ABCC samples were drawn from ambulatory, but net
uniformly healthy, populations, while samples elsewhere
have usually been oriented roward specific disorders or
composed of members who were demonstrated to be free of
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other abnormalities. That more than one factor is
responsible is also suggested by the fact that the mean
values from 1947-49 were above that considered normal in
western centers, while since 1954 they are distinctly
lower. The relationship, if any, of the continued greater-
than-expected occurrence of leukemia to the decline in the
leukocyrte count in Hiroshima and Nagasaki has not
been investigated.

[t seems appropeiate in this section ro refer to a somewhat
similar, and perhaps related, leukocyte count change over
@ period of time in residents of the Nishiyama district of
Nagasaki reported by non-ABCC investigators,

The Nishiyama area, containing a large reservoir and
situated abour 2500 m from the hypocenter, was the site
of radicactive fallour from the August 1945 atomic bomb.
The amount of resulting residual radiscion received by
exposed persons was estimated at a possible maximal
external integraced dose of about 100 r by physicists
based on measurements which began 6 weeks afrer
the bomh,

No special investigation of this area or of its residents
has been undertaken by ABCC, although Lawrence, in
1947, recommended inguiry into elevated levkocyte counts
reported as occurring in that distice.

Beginning in late September 1945, almost 2 months after
the detonation, periodic examinacions on 63 to 157
Nishiyama residents were made by invesrigators from
Fukucka City. A high frequency of leukocytosis was
recorded over a period of ar least 2 years and then a
gradual decline of leukocyte counts. Since 1953, the
white blood cell counts have approximated those of
contrals.  This prolonged elevation of leukocyre numbers
has been atribured to internal irradiation from ingested
fission products deposited by the fallout cloud in 1945,

An evaluation of this problem by ABCC appears advisable,
The Nishiyama residents may bear important distincrive
characreristics, heretofore unknown, which could influence
some of ABCC’s long-renge scudies of late radiarion
effects.  If the abnormal leukocyre counts of the kind
observed in the Nishiyama subjects represented a response
to radiation, it is the first such demonstration and is nort
in accord with considerable experimental data on humans
as well as lower mammals,
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BLOOD BASOPHIL COUNTS 4R A ERE

The ohservation by Moloney and Lange that an increase
in the number of circulating basophil granulocytes ofren
heralds the onset of chronic granulocytic leukemia, led to
an investigation of the influence of age, sex, radiation
exposure, and disease on basophil counts by Moloney and
Tsuchitori in 1953, Some of the results were included in
an article by Moloney and Lange published in the U.S.
in 1954,
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In  routine hematelogical studiss on 2162 Japanese
adults, basophils averaged 0.6% and basophil counts over
2% were reported as rare. When the more accurate mechod
of counting the number of basophils in 4000 leukocytes on
a Weight-Giemsa scained coverslip smear was used on 60
normal Japanese adults, the results were as shown in
Table 33. These investigators concluded with the remark
that except for cases of myelogenous leukemia, no
instances of abnormal elevation of basophil counts were
encountered in 4200 exposed and nonexposed adults in
Hiroshima. [t would seem that rhese were MESS survey
subjects, but it is not eclear what the relationship of
these 4200 subjects was ta the 2162 adults mentioned
above or which basophil enumerating method was used.

B Ank AZ162 A GBI e th A T (3, ITHIIETR ) A A 12
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NTha. MIFEFE, BEROMAFERE X ERES4200 A
(23 0O T P A R B T IO A B e
MEID B h a0 IEHRETFLE, — N5 OEHIL
MESSWMEGRETH AL BbASH, ZhB4200A0H
ﬂ%'.:.f‘.ﬂﬂwzlﬁzwhﬂ*t*,tmrtﬁf;ﬁia-J:LFrr’eFﬁéht'ﬁ“rEH
e F AL R U o A

TABLE 33 ABSOLUTE BLOOD BASOPHIL COUNTS IN NORMAL JAPANESE ADULTS
#33 B E A AR A BT 5GP LR

Variable Subjects Basophils
iR O PFHE LR $
/mm3
Mean iy 60 28,1
Range #i[M 60 5.0-67.0
Distribution % 52 <50
8 50-99

TABLE 34 BASOPHIL COUNTS IN HIROSHIMA ME200 SUBJECTS BY SEX
I IEIEIR G 58 ME 200 5 %% 481

Basophils

Sex Subjects 4 IG5 M /mm3

* MBE Mean i3 SD (B Hm %
Male U 186 30.0 20.0
Female # 269 28.8 e e
Total f#t 455 20.4 19,5

TABLE 35 BLOOD BASOPHIL COUNTS IN HIROSHIMA ME200 SUBJECTS BY EXPOSURE
7035 GFSEAEERAL, K ME 200 4 34 0 WRIREE

Exposure
e AK

Subjects
R

<200 m with acure radiation symptoms

B MEEREFEI LD

I000 - 3500 m
Control i 10000 + m

Total ff

Basophils g 3
R
Mean i SD FEdL(E =
27.3 17.9
311 18.6
29,9 21,7
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In 1959, Hollingsworth and Ogure restudied the preblem
and published their results as an abstact in Japanese.
Their sample of 455 individuals was drawn from (ME200)
adults who appeared for examinations at ABCC in
Hitoshima, The direct method of Inagaki was used for
counting the basophils in a specimen of blood from
each subject.

The results are summarized in Tables 34 and 35. The
analysis indicated thar neither sex nor exposure status
influenced the basophil count values,

Commeni The basophil count values given in the tables
are similar to those given as normal srandards in the U.S.
Elevation of the basophil count, while a common fore-
runner of chronic granulocytic leukemia, may also be
associated with other disorders such as primary polycy-
themia, hemolytic anemias and certain infections, so that
this finding alone cannot be considered highly specific.

The results reviewed here suggest that basophil counts
do not distinguish exposure status, However, a more
refined approach might demonstrate a relationship between
basophil levels and previous irradiation. The occurrence
of basophilocytosis may be even greater than the well
demenstrated higher incidence of leukemin in the exposed
than in controls, but this rate may yet not be of sufficient
magnitude to be detecred by the sampling methods used
by Moloney et al, and Hollingsworth and Oguro. It is
conceivable, for example, that in a much larger sample,
the frequency of exposed persons with basophil counts
over say, 50/mm2 (the upper limit of the ‘normal range’ in
the 11.8.), while very small, would be significantly greater
than that for the controls. As current methods of enume-
rating basophils are tedious and rime-consuming, it may
not bhe technically feasible and economically reasonable
to make a special effort in this direction,
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BIOCHEMICAL STUDIES ON LEUKOCYTES

The discovery of 4 persons in the Hiroshima MESS survey
suggestive of early chronic granulocytic leukemia with
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abnormal numbers of specitic types of granulocytes in
blood preparations led Moloney and Lange to search for
biochemical decangements in circulating white  blood
cells, The results were included in two publications in
the 1,5, in 1954,

Leukocytes, separated from the blood of the above-
mentioned 4 atomic bomb survivors with early leukemia,
were measured for alkaline and acid phosphatase acrivi-
ties and glycogen content by the methods of Valentine et
al. In addition, leukocyte alkaline phosphatase activities
were determined in 160 Japanese subjects with discase
status as shown in T able 36.

RYHEREENZOT, Moloney & & U Lange I3 28 1 i &
HIZERENEIREF LS AL IH BN AD - WES
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TABLE 36 LEUKOCYTE ALKALINE PHOSPHATASE VALUES IN HIROSHIMA SUBJECTS
WITH VARIOUS DISEASES

#36 BWEHEETAEBMRECEIAEMMT LA VEAAT » & —Ffh

Phiosphorus Liberared*

Disease Cases Observations F7d " A
#4 & ez :
Mean i Range #&[H
Normal iE# 142 142 22,7 7.1- 62.5
Early mvelogenous leukemia -
00 6 15 & & 54 B
Chrenic myelogenous leukemia i
19 A i £ 0 i &8 0.2~ 21.4
Polycythemia vera
¥l £ i 2 12 59.2 27.8-111.1

*mg/ bour/ 1010 leykocytes

The results, shown in Table 37, were described by
Moloney and Lange as demonscrating that levkocyte
alkaline phosphatase activity was consistently reduced in
chronic granulocytic leukemia, even in the early stages of
this disorder, and rhar granulocytes of normal appearance
were as low in alkaline phosphatase acrivity as the
granulocytes in well-established myelogenous leukemia.
Acid  phosphatase activity values were variable and
inconsistent, while the glycogen content of the granulo-
cytes was generally low in the 4 cases of chronic
granuloeytic leukemin. The investigators concluded that
their observations gave support to the concept that
biochemical changes occur in leukemic granulocyres many
months before cyrologic immarturity is evident and that the
demonstrarion of such changes in irradiated persons may
signify the appearance of ¢ hronic granulocyric leukemia.

Comment These observarions were part of the first
studies at the ABCC on the preleukemic state which
attempted to uncover the mechanisms by which radiation
induces leukemia. The f[igures on leukocyte alkaline
phosphatase activity in Japanese persons given by
Moloney and Lange are in general agreement with those
reported by Valentine and his coworkers in the U.S, It
may be noteworthy that the lower limit of the range of
values for the normal group in Hiroshima (7.1 mg) was
lower than that given for normal persons by Valentine,
13.4 mg (Tables 36 and 37). Although this difference may
be related to several factors, such as difference in
sample size, and distriburion one wonders if the ‘normal’
persons in the Hireshima group may nor have included
irradiated atomic bomb survivors, possibly bearing the
lower leukocyte alkaline phosphatase levels. For this
teason, it may be helpful to look into the composition of
this group of 142 nonleukemic persons studied by Moloney
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TABLE 37 BIOCHEMICAL OBSERVATIONS ON SEFPARATED BLOOD LEUKOCYTES IN FOUR CASES
OF EARLY CHRONIC GRANULOCYTIC LEUKEMIA IN HIROSHIMA ATOMIC BOMB SURVIVORS

257 m&ﬁmﬁﬁiﬁ%mhw5@MﬁﬁﬁMﬁEm%$%4mmam&%%ﬁuﬂu1mtm$mﬁﬁ

Phosphorus Liberated®
WEfER R T 7 —E

Case Distance Leukocytes Glycogen
HEf5 b1k =Hi e Alkaline Acid el =R S
Phosphatase Phosphatase 71010 granuloc
m /mm3 ThA )RR T s —¥ BEEAT7 =4 :fi*if—‘ﬁ 2
1 400 14875 1.8 12.5 L B!
22975 4.7 29.7 59
22300 28,0 406.6 6.0
2 1590 11300 0.9 12.0 48.4
B425 1L.X7 30,4 6.40
3 650 39150 1.7 18.1 13.2
4 1170 13300 8.5 14.9 5.9
19875 1.2 19.3 3.7
15417 2.4 17.8 Z:.1
15725 3.8 25.3 2.6
Normal E# 13.4 - 58.0 13.7 - 36.8 47.2 - 118.6
Chronic granulocytic leukemia
0-14.4 19.1 - 61.4 12,2=-72.12

8 0 A T ) A

+ g/ bour/ 1010 leukocytes GMRI0" O L WM &R LAK 2T 75— il (mg)

and Lange and to investigate the relationship of leuko-
cyte alkaline phospharase values to the amount of
atomic radiation.

Quantitative biochemical determinations on white blood
cells like those employed by Moleoney and Lange are
technically difficult and time-consuming. In an effort to
overcome this major disadvantage, the less complicated
Kaplow histochemical merhod for estimating leukocyre
alkaline phosphatase activity was introduced at ABCC.
The results, described briefly by Wald et al in 1956 and
by Wald in 1957, are given in Table 38. Wald also stated
that ‘mo relationship of alkaline phesphatase levels to
radiation exposure was observed.’ Inasmuch as the
number of subjects examined in this study was small, the
problem may warrant further investigation. The results of
a study of measurements of verdoperoxidase activiry in
leukocytes begun by Mizokoshi in 1954 are not known.

The complexity of most biochemical techniques for
studying leukocytes precludes their application in mass
sutveys. However, it would seem worthwhile to attempt to
develop simpler, more suitable procedures, Clues to
possible latent  biochemical lesions in the cellular
metabolism of ircadiated persons may be drawn from the
growing list of aberrations that have been described as
distinguishing, to a greater or lesser degree, leukemic from
normal white blood cells. A few examples are the
reported diminished utilizarion of glucose, the consump-
tion of smaller quantities of oxygen, the producrion of less
lactic acid, rhe lower hexokinase activity, and the higher
cartalase acrivity of white blood cells in some forms of
leukemia when compared to notmal leukocytes. If the
technical difficulties can be surmounted, abnormaliries
such as those listed might be sought not only in occasio-
nal cases with suggestive features of early leukemia, bur
in larger samples in an effort 1o seek more subtle differ-
ences berween exposure groups.
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TABLE 38 LEUKOCYTE ALKALINE PHOSPHATASE VALUES IN 69 HIROSHIMA CASES
USING HISTOCHEMICAL METHOD

#3B LB REEOMIZH T A E M EEE A EMERT L YR 27 » 5 — ¥

Leukocyre Alkaline

Disease Cases Phosphatase Score
R & BIER 7 A i
HRRT gy —

Normal E# 50 66.4 (mean 3 )
Granuloeytic leukemia, Chronic 14 14 8 0-13
RRECEN Preclinical AlB % 3 low [

Acute Bt 5 high & low f{f
Polycythemia vera 3 high M
PO & LA
Total # 69
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SIGNIFICANCE OF INITIAL POSTIRRADIATION
LEUKOCYTE COUNTS

In 1956 a study was initiated to determine the relation-
ship of early postbomb exposure hematological responses
to subseguent morbidity and mortality as recommended by
the NAS-NRC Subcommittee on the Acute and Long=Term
Hematologic Effects of Atomic Radiation,

A collaborative project berween the Kyoto University
Medical School, with Wakisaka and Fukase as responsible
investigators, and ABCC, represented by Jacobs, was
designed to compile complete hematological and medical
records from the time of the 1945 bombings on as many
survivors as possible. By June 1957 the status of this
joint effort was summarized by Wald and Heyssel in an
ABCC Semiannual Report (Table 39. The inadequate
identification of persons from whom the early dara were
collected was a majordifficulty.
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TABLE 39 STATUS OF JOINT KYOTO UNIVERSITY — ABCC INVESTIGATION
OF INITIAL POST-BOMB RECORDS OF HIROSHIMA SURVIVORS

%39 LBEEEIZO L THBKE L ABCCH L THE -2
ol e 00 W) RE W AT Bk 00 IR IR

Status of Records Number
ks Jali oA [ &

Completed individual records % e {E AR

From ABCC files ABCC@7 = { M &H 246

From ABCC and Kyoto University files

ABCC Enikfigom7 {0 &N 234
Neacly completed from ABCC and Kyoto University files -
ABCC k&N 7 r A MIZENIEEA RS '
Remaining records from Kyoto University #- T 3H KO i 1084
Total 7t 2310

No published reports relating immediate postexposure 195648 |- Wald 5, BEAMKBAEELAL4FIZ2nTE

hematologic observations to late morbidity or mortality
have as yet resulted from this collaborative undertaking
except the statement by Wald et al in 1956 thar these
records provided early leukocyte counts on 4 cases in
which leukemia subsequently developed. Wakisaka
included some of the data in a paper relating initial
hematologic responses to atomic bomb exposure presented
at the International Hematology Congress in 1960,
Jacobs, together with Lynch of the Armed Forces
Institute of Pathology, and Cronkite and Bond of the
Brookhaven Natienal Laboratory, described the relation-
ship of initial postexposure leukocyte count depression
to mortality occurring within 9 weeks in an ABCC
technical report in 1959. This report by Jacobs and his
colleagues will be reviewed here.

The principal sample consisted of 5419 leukocyte counts
on persons exposed wichin 3000 m from the hypocenter in
Hiroshima and Nagasaki. An unstated number of observa-
tions constituted a control group constructed from
leukocyte counts on individuals who were wirhin Hiroshima
City but beyond 2550 m from the hypocenter, and whe did
not display evidence of the acute radiation syndrome or
other injury, All the material used for this study had been
collected by the JC in 1945 and teposited at ABCC and/
or the Armed Forces Institute of Pathology.
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The investigation was limited to an analysis of the
relarionship of leukocyte counts during rhe first 9 weeks
following the bombs, to death occurring within the same
period. It was observed thar mean leukocyte values
reached lowest levels of about 3700/mm3 in the fourth
week following exposure. In general, the greater the
degree of leukocyte count decline during the first 5 and 6
weeks, the higher was the morrality. The best correlation
appeared during the third week when 65.9% of rhose with
white blood cell counts less than 1000/mm3 died, while
the mortality was only 0,4% for those with leukocyre
counts over 5000, When the distribution of leukocyre
counts below 3100 (i.e., lower than 5% of the leukocyte
counts of the control group) was compared to distance
from the hypocenter for each week, no clear and consis-
tent pattern was evident. The authors aseribed this to
the following factors: only a few laboratory examinations
were conducted on those closer than 1000 m because only
a small proportion of the exposed survived ar these
distances, and shielding undoubtedly affected the
radiation dose absorbed by individuals and thus survival
as well as hematologic response,

Jacobs et al commented that whereas in the sublethal
range of radiation, the lymphocyre count is a sensitive
index of radiation exposure, their study gave support to
the view that in rhe lethal range of radiation, the total
leukocyte count (composed chiefly of granulocytes) is of
special value in estimating the extent of radiation injury
and hence in predicring the probability of survival.

Comment The results of this study substantiate the
inference probably first recorded by Hachiya on 20
August 1945 in Hiroshima thar 'parients whose (White)
blood counts were low were the ones with the poorest
prognosis’, and are consistent with the observations
of the JC.

Untesolved are some distinct differences in rthe quantira-
tive relationship of leukoeyte counts ro mortality between
Hiroshima and Nagasaki. The percentage of deaths for a
given leukocyte count interval was considerably lower in
Nagasaki, especially during the third week, and for the
severely leukopenic. Discrepancies in the leukocyte
counts berween the two cities were noted in other
studies. While the comparison of the leukocyte counts of
the exposed to rthose of the controls was not a major point
in the investigation of Jacobs and his coworkers, it is of
interest to note that the values for the conirols were based
on a Hiroshima group of persons who were beyond 2550 m
and who had no injuries. The mean value of 7050/mm3
given by Jacobs et al may be compared to the JC’s
corresponding figures of 6366 for Hiroshima and 7961 for
Nagasaki. It may also be observed that the acrual
leukocyte values for the irradiated may have been lower
than those given by Jacobs and his colleagues as their
exposed group included persons some of whom were
beyond 2000 m from the hypocenter, where ionizing
radiation is considered to have probably been negligible.

The investigarion reviewed here, while not concermed
with ABCC’s primary mission of probing for late effects
of atomic radiation, does provide evidence that some
material is already available for study of what mav be
important  associations between initial hematologic
responses and subsequent abnormalities in  irradiated
survivors.
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SEARCH FOR HEMOSTATIC DEFECT IN
HIROSHIMA

Possible alterations in plateler counts and bleeding-
coagularion tests as larte radiation effects were investi-
gated beginning in 1954 by Sears. Although no formal
report  was published, Wald refers to the work, and
statistical treaument of the laboratory dara is recorded in
a 1956 memorandum by Simon.

The study was conducted in two parts. In 1954 a single
platelet count, using the Dameshek indirect method, was
pecformed on each of 549 Hiroshima subjects. The
following vear additional tests for possible hemostatic
abnormalities were done on a subsample of 65 individuals
selected ar random from the larger earlier sample.

Radiation exposure was graded by separation of the sample
members into those who were within 2000 m from the
hypocenter and those who were at or beyond this radius,
at the time of the bomb. Within each of the two distance
divisions there was further hreakdown according to the
following initial clinical responses: major hemorrhagic
radiation symptoms (purpura, petechiae, bleeding gums if
diagnostic); major nonhemorrhagic radiation symptoms
(epilation, oropharyngeal lesions, exclusive of bleeding
gums), and no major radiation symptoms.

The resulting mean and standard deviation 1954 platelet
count values for males and females in each category are
given in Table 40, By the method of analysis of variance
‘no significant differences were found, suggesting that
exposure to atomic bomb radiation had no long range
effecton platelec counts.'
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In the second study in 1955, the following examinations
were  conducted on the subsample of 65 individuals:
platelet count, bleeding time, lLee-White clotting time,
Quick one-stage plasma prothrombin time, and serum
prothrombin  time. For the plasma prothrombin time
determination, only those readings were used for which the
control value was within the range of 13 to 15 seconds.
For the serum prochrombin time, only those valuegs were
included for which the control was 20 seconds or more,

The plateler counts in 1955 were not significantly
different from these for 1954. Mean and standard deviation
values for the other procedures, by sex and radiation
symptom group, are shown in Table 41. Using the
analysis of variance technique *none of the results were
significant, thereby lending suppoct to the hypothesis thar
such variables are unaffected by any long term radiation
sequelae,’

Comment  Deviations in all of the five laboratory pro-
cedures employed in this ABCC study have been found as
eatly responses to sufficiently high doses of ionizing
radiation in lower mammals. However no systematic
studies had been pecformed for evidence of impaired
hemostasis as a late radiation effecr prior to this investi-
gation, The interpretations derived from the statistical
analysis are in accord with occasional statements or
implications at ABCC that there has been no obvious
increase in the occurrence of hemorrhagic disorders among
atomic bomb survivors,

One would have thought that of the 3 comparison groups,
the one with a history of hemorchagic manifestations,
pethaps because of a higher dose of radiation or greater
individual susceptibility, would more likely display a
latent hemorrhagic tendency. However, aside from the
statistical evidence thar the differences in means could
have resulted from the play of chance, it will be noted
that the mean laboratory values for the ‘hemorrhagic group’
were not consistently in the direction of abnormal compared
to those for the other groups.

The few case reports by other workers of demonstrable
abnormalities in platelets and other hemostatic factors
ascribed to radiation from the 1945 atomic bombs are not
supported by ABCC results, Capillary resistance, not
included by Sears, has been reported by some investigators
to exhibit no difference in Hiroshima survivors as
compared to controls but morphological changes in the
capillaries of Nagasaki survivers have been described.
Yearly studies on the Rongelap islanders have persistently
revealed a slightly lower thrombocyte count in the
ircadiated as compared to the controls 4 years afrer
exposuce, but it is not established that this is a late
radiation effect.

The finer points in the construction of the samples ate not
known. The inclusion of 20 individuals who were beyond
2000 m from the hypocenter and yet gave a history of
major symptoms of the acute radiation syndrome is another
instance not in harmony with distance-dose concepts
presently held by ABCC physics consultants.  Another
troublesome point is suggested in the 1955 study where
comparisons were made berween radiation symprom groups
apparently without regard for exposure distance,

In summary, this investigation of the platelet count,
bleeding time, coagulation rime, plasma, and serum
prothrombin time decerminations in Hiroshima 9-10 years
after bomb exposure failed to provide evidence for a late
or latent hemostatic defect related to radiarion.
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TABLE 40 PLATELET COUNT IN HIROSHIMA 1954 SAMPLE BY RADIATION S5YMPTOM GROUP,

DISTANCE FROM HYPOCENTER, AND SEX

540 MR, TEEI9ERAR: RAHREIREE - LKA S O R - 155
Distance iR m /
— Toral
Radiation Symptom Group <2000 2000 + it
4 B R BE R T
Rkl i e Subjects  Mean sD Subjects Mean SD Subjects  Mean sD
(o 8 TEy  fRUE(R LR Pry O BEEEE M RAR Fly RUER s
MALE #
Hemorrhagic {14 i 44 B4 418 167 13 377 162 97 412 166
Nonhemorshagic 3 i3 % 41 472 148 7 448 73 48 468 139
No symptoms e SR 30 415 132 68 460 139 98 446 138
FEMALE %
Hemorrhagic Hi i TE 105 403 181 15 432 116 120 406 174
Nonhemorrhagic JpdtmiE 49 403 136 87 419 159 136 413 151
No symptoms R 44 421 137 6 574 194 50 439 151
% 103/ mm?
TABLE 41 SPECIFIED LABORATORY TEST RESULTS IN HIROSHIMA 1955 SUBSAMPLE
BY RADIATION SYMPTOM GROUP AND SEX
#4] EREE R, 19550 EBMER TR E - R
i Male M Female &
Test Radiation Symptom Group
fi it i i A Subjects Mean  SD Subjects Mean  SD
seEn T MEBEE d4hEn FH RE=
Bleeding Time f% 0mF Hemorrhagic i P 10 L.5 L60 1o 2.2 0.94
Nonhemaorrhagic EL iR 9 2.2 0,90 2.0 0,80
minutes 7 No major symptoms L% ERE L 13 1.8 0.80 12 2.0 0.71
Total #f 32 1.8 0.80 30 2.1 0.79
Clotting Time #EEIEEM Hemorchagic M i 1 10 13.1 2.33 10 11.4 1.39
Nonhemorrhagic LN R 10 11.8 3.78 10 10,6 3.02
minutes 5 No major symproms FEER T L 13 12.6 1.46 12 11.4 3.40
Total # 33 12.5 2.57 32 £l 2.73
Plasma Prothrombin Time Hemorrhagic e Bl 7 15.5 0.58 10 15.3 0,97
W T b Nonhemotrhagic  FEMimiE 7 15.2  1.40 6 14,9 0.91
seconds f? No major symptoms +£EFEM L L 10 14.7 1.17 3 14.9 1.82
Total & 24 15.1 112 19 15.1 1.06
Serum Prothrombin Time Hemorrhagic o 10 61.1  45.86 10 49.5 39,12
it 7 e o> e Nonhemorthagic kLt 10 50,9 24.67 10 30.8 10.46
seconds No major symptoms +E#H % L 12 34,0 14.47 12 53,9 36.39
Total #t 32 47.7  31.56 32 45,3 32.38
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The results of ABCC investigations on leukemia in TR, W(2ADRETEBFLUEMIET MM
Hiroshima and Nagasaki have been reviewed in several THABCCOMEN#MENERW s hA, 220, #EO
recent reports. Here the emphasis will be on historical Bh bk ABCC T oM E 5 MR <2 ChaeEhhns
points and aspects rhar appear to warrant further study 0 129 W T I M=
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THE FIRST LEUKEMIA SURVEY, 1951 RAOBMAAE, 1951F
As early as August 1947, a few months before formal ABCCHER CFkxsns2, 32AM®DI947F & A1z,
establishment of ABCC, Lawrence, in a consultant's Lawrence 12, BESHIR—SHSBmo EIREBE N5 £
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or other blood dyscrasias (in Hiroshima and Nagasaki)
should be determined and compared with the normal.'
However, it was not until late 1949 that Borges began to
collect data on leukemia cases referred to ABCC in
Hiroshima. Meanwhile, Yamawaki of the Hiroshima Red
Cross Hespital had independently embacked on a systema-
tic screening of death certificates ar the Hiroshima Ciry
Family Registration Section for leukemia cases,

In 1951 Lawrence and Valentine of the University of
California at Los Angeles went to Japan as consultants in
hematology to ABCC and a comprehensive leukemia case
investigation program was launched in both cities. In
Hiroshima, Yamawaki’s collaboration was obrained and in
Nagasaki, Yamazaki, Wright, and Wright began a retro-
spective search for leukemia case data based on perusal
of death certificates at the Nagasaki City Family
Registration  Secrion, and records furnished Dby  the
Nagasaki Medical School. Many of the cases in both
cities were personally reviewed by Valentine who included
the results of this first study on the incidence of leukemia
in atomic bomb survivors in an ABCC report in 1951. The
Hiroshima material was presented by Yamawaki at the
April 1952 meeting of the Japan Haematological Society
and rthe results from both rcities were published in the
U.S. in September 1952 by Folley, Borges, and Yamawaki.

Confirmation of the diagnosis of leukemia in the cases
uncovered by the means described above was sought where
possible  from hospital records, blood, marrow, and
auropsy material, The population bases for exposed
survivors and nonexposed controls were derived from the
1949 ABCC Radiation Census, the Qcrober 1950 Narional
Census, and an ABCC survivors guestionnaire circulated
at the time of the larter census,

Accepted were B4 cases of leukemia with onset during the
year 1946 through 1950 in both cities. In 5 instances the
diagnosis was supported only by death certificates.
Twenty-three cases were suitable [or use in calculating
incidence expressed  as  leukemia deaths/106  living
persons per year. The annual death rate of leukemia
among those who were exposed within 2000 m for both
cities combined was 458/100 living persons while for
those who were beyond that distance the rate was 32/1086,

Analysis of histories revealed evidence of severe acute
radiation injury, such as epilation and purpura, in a high
proportion of the leukemia subjects who were within
2000 m from the hypocenter, whereas only 1 leukemia
subj ect who had been beyond that distance gave a history
suggestive of acute radiation syvmproms,

Acute leukemia and chronic granulocytic leukemia
predominated irrespective of distance from the hypocenter,
with the characteristic age distribution generally observed
in Japanese. Only a single case of chronic lymphocytic
leukemia was encountered, The number of cases was too
small for any firm conclusions concerning the relationship
of age and sex to the development of leukemia in the
exposed,

Comment This report is notable in thar it was the first
demonstration, using an epidemiological approach, of the
telationship of single-exposure ionizing radiarion rto the
occurrence of human leukemia. It thus set the pattern for
all subsequent population research on lenkemia as a
delaved atomic radiarion effect, Yamawaki’s collection of
cases in Hiroshima was subsequently amplified in reports
by Amano and Waranabe, Ar ABCC the basic machinery
for detecting and studying cases with the essential
collaboration of other agencies in both cities was set
in motion.
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Two main points made in this first ABCC leukemia survey
were to be confirmed by subsequent reports. The incidence
of leukemia was higher among those who were closer to
the hypoecenter and especially among those who manifesced
features of the acute radiation syndrome; and the major
hematologic  types of leukemia observed among the
survivors were the acute forms and chronic granulocytic
leukemia.  Although subsequent scudies have elaborated
on certain points, they have strengthened, rather than
alteredthe original conclusions,

LEUKEMIA SURVEY, 1953

A second ABCC review of leukemia cases in Hiroshima
and Nagasaki covering the years 1947-53 was reported on
in papers by M oloney, Lange, Yamawaki, and Kastenbaum.

As in the 1951 study, most of the cases were obtained
from death cercificare screening  and  referrals, In
addition, 4 patients with leukemia were encountered
during follow-up examinations on the group of epilated
Hiroshima survivors originally studied by Snell, Neel, and
Ishibashi at ABCC in 1947-48 and by Yamasowa in 1949-
30, and 6 leukemia cases were uncovered during a
medical survey (ME5S) of 2087 adulrs in Hiroshima and
400 in Nagasaki. Only those cases in which there were
adequace clinical and exposure histories with blood and
available marrow material were included. These totalled
92 among those who had been in one of the rwo cities at
the time of the bombs.

The aurhors stated that the earlier ABCC study did not
permit statistical confirmation of the high incidence of
leukemia because of the unusual distribution of the
survivors by age and sex. With the additional leukemia
cases, then numbering 50 in Hiroshima, and population
figures based on the 1949 ABCC Radiation Census and
the 1950 National Census, leukemia occurrence rates in
Hiroshima survivors were calculated,

The incidence, expressed by the investigators as the
ratio of leukemia cases to surviving subpopulations, was
L:172 for those who were within 2500 m and who developed
the acute radiation syndrome, and 1:3223 for those within
2500 m bur without major acute radiation symptoms. For
those who were beyond 2500 m the incidence was 1:12912,
The authors considered this biological evidence thar the
radiation delivered ar 2500 m was probably appreciably
greater than rhat estimated by the physicisrs, However,
close study of the data for the survivers in the 2000-2499 m
band reveals that the significantly higher incidence (1:950)
for those with a history of acute radiation illness was
based on only 1 case of leukemia. Moreover, the incidence
for those withour major acure cadiation manifescations who
were at the same distance interval (also derived from only
I leukemia case) was 1:16250, a frequency lower than that
forrhose beyond 2500 m.

The writers also concluded thar the data indicated thar in
man the ‘leukemogenic dose’ of a single exposure to
atomic radiation was ‘high.’ A lacer study indicates that
the amount of radiation which will increase the incidence
of leukemia is lower than that required for induction of the
major  features of the acute radiation syndrome, but
precisely how low remains an unanswered question.

By 1954 the peak years for the onset of leukemia in
irradiated survivors appeared to have passed. Subsequent
data have shown that although the vearly number of cases
is not as grear as in 1951-52, the incidence of leukemia
among rhe closely exposed through the vear 1958 has
remained higher than for the nonexposed controls.

Of special interest was the detection of presympromatic
hematological  abnormalities in 4 cases of chronic
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granulocyric leukemia uncovered in surveys of survivors,
Among the changes noted were granulocyrosis, appearance
of immature neutrophils, and nucleated red blood cells in
blood smears, an increase in the absolute number of
basophils, thrombocytosis, and low alkaline phosphatase
activity of separated leukocytes, These were ABCC’s
earliest observations on the ‘prelevkemic’ state, re-
presenting attempts o uncover the mechanisms by which a
single dose of radiation in a small but significant
fraction of the exposed population led months or years
larer to this fatal disease,

LEUKEMIA SURVEY, 1956-57

By 1935, clear demonstration by ABCC studies of an
increased incidence of leukemia In irradiated human
beings had aroused considerable worldwide arttention.
This was in large part because of the polemics artending
nuclear test explosions and the dangers of fallout. Using
ABCC data, workers elsewhere attempted to establish
quantitative relarionships between the probability of
leukemia and the upit dose of radiation. At the request of
the British Medical Research Council, an unpublished
compilation of leukemia cases in Hiroshima and Nagasaki
was prepared in September 1935 by the ABCC Department
of Statistics,

By 1958, reviews of cases verified at ABCC in both cities
by Wald, Truax, Sears, and Heyssel had appeared. In one
of the papers from Hiroshima, major emphasis was placed
on radiation dose-incidence relarionships. Calculations
by Wald were based on Hiroshima cases with onset during
the B-year period 1950-57 and population figures for a
Daytime Census on 3 June 1953 furnished by the Hiroshima
Census Bureiu,

Wald wrote thar because of the uncertainties involved in
the estimates he presented, the relationship of leukemia
incidence to dose as measured by distance from the
hypocenter could not be given a more quantitative inter-
pretation than thar those who were within 1500 m had a

significantly higher incidence than those beyond that
distance. He then described the following serious
limitations in the data. The information on leukemia

cases prior to 1948 was very unreliable and efforcs at
case detection was uneven during the ensning years.
Population estimates were subject to ermors of unknown
magnitude. For example, the author stated that the
figures according to exposure distance were based on only
50,8% of rhe males and 44.6% of the females who reported
themselves exposed, and 3,1% of those allegedly exposed
were not in the city at the time of the bomb. Furthermore,
migration into and out of the city may have differed
according to exposure distance. Finally, radiation
shielding factors might have altered the individual dose
estimate by a factor of perhaps 2.

Although the earlier ABCC reports had established beyond
doubt the higher incidence of leukemia among those more
closely exposed, this was the first ABCC paper to express
incidence in the more suitable terms of person-years at
risk.  The figures at this time failed to support the
interpretation of a higher leukemia rate extending out to
2500 m from the hypecenter. The chief merit of the paper
was its emphasis on caution in atrempting to read too
gteata precision into the available data.

LEUKEMIA SURVEY IN HIROSHIMA  AND

NAGASAKI, 1957-59

From 1057-59 the leukemia cases in both Hiroshima and
Nagasaki weie restudied and the entire series was
brought up to date through 1958. The principal aim at this
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time was to present a clearer description of the relation-
ship of leukemia incidence to the amounr of radiation
received using closed popularion denominators and newer
radiation dose estimates. The results were reported in a
series of pupers by Heyssel, Brill, Woodbury, Nishimura,
Ghose, Hoshino, Yamasaki and Oguro on the Hiroshima
experience and Tomonaga, Brill, Itoga, and Heyssel on
the Nagasaki darta,

The sources of cases in Hiroshima were as in the
previous years. In Nagasaki, because ABCC had had no
continuously active leukemia case investigation program,
the study was in large part retccospective  and relied
heavily on material collected by Tomonaga ar the
Nagasaki University Medical School. Additional cases
were detected and reviewed as had been done in Hiroshima.

The number of confirmed cases among survivors residing
within the two cities with onset during the years 1947-358
toralled 149, with 89 in Hiroshima and 60 in Nagasaki.
Using population ar risk figures derived from the 1950
National Census, incidence rates were, as previously,
clearly higher for those whe were within 1500 m from the
hypocenter.  The rates for all of those who had been
within this distance were about equal for the two cities.
Between 1500-1700 m, the slightly higher incidence was
of only suggestive significance. Tor the zone 2000-
9900 m, thar is, within each city bur ar distances where
radiation was considered to have been minimal, the
rates  approximated the incidence of leukemia in cities
elsewhere in  Japan, suggesting their swirtability as
control  values, However, for reasons which were not
clear, the leukemia rates were considerably lower for
those whe were at or heyond 10,000 m, that is, outside
the limits of both ciries,

The dara were presented to provide assessment of the
controversial issues of linearity of dose-effect and
threshold  for radiation inducrion of leukemia. Dose
estimates were derived from rccently published calcula-
tions relating air gamma and neutron energy to distance
from the hypocenter and three shielding situations: within
a Japanese-style house, partly shielded, and outdoors,
Seventy-six  leukemia cases were suitable for this
arrangement,  The authors concluded that above 100 rad
the relationship of leukemia incidence appeared to be
linear alrthough they admitted that other interprecations
were not excluded. Their analysis alse led them to state
that if a rthreshold existed, it would probably he lower
than 80 rad.

Comment On the basis of the same data, another recent
ABCC report suggests thac the upper limit for a possible
threshold is probably in the range of 30 to 75 rad, The
need for caution in arcaching o high degree of confidence
to these figures was emphasized by the writers. One
might point out, for example, thar the table of dose
estimates includes § survivors with values over 1281 rad
and rhar these estimates are subject to ecror which may
range from 50% to 200% of the stated value. Because of
the uncertainties in dosage, and the need for almost
infinitely  large samples in order to demonstrate =a
definite but small increase in leukemia incidence above
that of a control population at low radiation doses, it
appears very unlikely thar the Japanese data will settle
the problem of threshold,

On the other hand, the present data indicate thar whar was
earlier called the ‘leukemogenic dose’ is not as high as
was suggested by an earlier ABCC report. The signifi-
cantly greater incidence of leukemia among those with
dose estimates from 81 to 160 rad and for those who did
not exhibit manifestations of the acute radiation syndrome
indicates that a 'massive dose’ or one inducing general
marrow aplasia is probably not a prerequisite,
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The leukemia data were also examined in relation to the
hypothesis thar radiation accelerares aging. If the
hypothesis were trug, one would expect that leukemia
would appear at an earlier age in the exposed bur that the
total number of cases over the entire lifetime of the
irradiated group would not be grearer than that of the
controls.  The resuolts of analysis indicated that these
who were under 10 years of age art the time of close
exposure o the bomb showed the greatest increase in
incidence. However, the number of leukemin cases already
pbserved in the exposed was greater than could be
expected over the entire lifetime of those in the sample if
they had not been exposed, Thus factors other than mere
acceleration of aging are involved.

The latent period was expressed by the authors as a
minimum of 1'% wvears. This is based on 2 cases in
survivors who were within 1500 m from the hypocenter

with onset in the year 1947 in Nagasaki. The evidence
for 1948 is perhaps better with 6 cases in Hiroshima, but
during that vear there was only 1 case in Nagasaki. On
the other hand, a case of leukemia appearing in November
1945, 11 weeks following exposure ar about 1100 m, has
been regularly excluded although the patient exhibited no
evidence of leukemin when he was hospitalized for the
acute radiation syndrome 4 weeks after exposure.
Another recent ABCC report places the minimal latent
period at 3 years. 1t is apparent that the data are such
that vncil means are available for sorting out radiation-
induced cases, one cannot be cerrain about the minimal
latent period. Furthermore, the latent period may be as
long as 13 years, for the incidence of leukemia among the
exposed has remained high through 1958, Therefore, at
present it would seem best to express the period in terms
of the year when there was a peak incidence, which at
present appears to be 6 years after the bombs.

The hematologic type of lenkemia has been considered of
importance in speculations on the mechanism by which
radintion incites leukemia. Some concern has been
expressed over the changing designations of the cell type
and the course of the disease in the reported cases
occurring in the survivors, A few such changes are to be
expected with the application of varying diagnostic criteria
bur rhese small shifts have not altered the pattern of
hematalogic types observed since the first ABCC leukemia
sucvey of 1951, The acute leukemias and chronic granulo-
cyric leukemia predominate in the exposed group of cases,
but a similar pattern has been noted in the controls and
as vet it has not been possible to separate radiation-
induced ecases of leukemia by any clinical or laboratory
criteria. A minor discrepancy is suggested by the slightly
higher number of monocytic leukemias observed in
Nagasaki as compared to Hiroshima. FHowever, most of
these have been subclassified as "myelomonocytic’, which
some consider a form of granuloeytic leukemia.

Much has been gained from the ABCC leukemia experience.
The data from the atomic bomb survivors constitute the
only conclusive evidence that single-exposure to large
risk of

doses of ionizing radiation does increase the
leukemia in man. However, considerably more important
information may bhe gleaned from this material.  The

accumulation of more cases over the succeeding years will
help to sharpen the present interpretations regarding the
duration of the latent period and the factors of age and
sex susceptibility, More reliable information on radiation
dose may improve the accuracy of the dose-effect curves
apd permir separate guantitation of the gamma and
neutron components for the two cities.

There are also newer lines of research thar warrant
development, Those¢ that require use of the basic
diagnostic materials in each case will be seriously

compromised uncil large deficiencies are corrected. In the
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majority of instances, details on past personal and family
history, course of the disease with specificarion of type
of therapy and response are nor available at ABCC.
Prior to 1959 almost no slide material was on file at
Nagasaki ABCC, and that available in Hiroshima covered
only about halfl of the reported cases, Filling in these
deficiencies is a luborious bur essencial task, Completion
of individual case reports wirth the missing data should
provide the basis for further cetrospective as well as
prospective studies.  The reported general impression
that the clinical course of exposed vs control cases is
indistinguishable requires factual documentacion, A
systematic search for morphologic alterations in blood
cells such as have been described as late irradiation
effects could be underraken. Another line of pursuit that
deserves attention is the study of disorders closely
related to the leukemias, such as the lymphomata,
aplastic anemia, polycythemia, and myeloid metaplastic
states,

As discussed earlier, there is need for considerarion of
the influence of ionizing radiation other than that from the
atomic bombs. Estimates of the magnitude of radiarion
from these sources, in the exposed as compared to the
controls, would be of special interest. Such differences
might account fer the unexplained low incidence of
leukemia among rhose who were outside the city limits ar
the time of the explosions.

At ABCC, so much attention has been given to radiation
as an inciting factor that almost none has been directed
to other influences. That radiation was not the only
operative factor among the survivors is obvious when one
considers that so far leukemia has been detected in less
than 100 of the estimated 90,000 survivors who were
exposed within 2000 m from the hypocenter, Thetefore,
an important guestion is: whar are the factors other than
radiation which have singled out the very small fraction
of survivors and spared the many? Or the converse
question may be asked: what are the factors which have
protected the grear majority of irradiated survivors from
developing leukemia?

There are no obvieus clues, but leads that could be
pursued are invesrigations of rthe family history for
leukemia, history of other neoplasia and associated or
earlier disorders such as tuberculosis, and analysis of
factors such as nutrition, geography, and sociceconomic

starus, and exposure to chemicals including specific
drugs.  Such epidemiologic explorations may seem oo
ambitious. However, attention might be directed to two

main time periods in the survivor’s life; early infancy and
the time of radiation exposure, since various studies
suggest that events occucring at these critical times may
have profound influence on the subsequent appearance
of leukemia,

Closely related could be inguiries into the sequence of
steps in the pathogenesis of leukemia at tissue, cellular,
physiological, and bicchemical levels, since the chain of
events from the moment of irradiation to the clinical
expression of the disease is almost completely unknown.
A wide wvariety of disciplines could be applied here
including rapidly advancing cytologic virological and
immunologic technigques. Any differences berween the
exposed and conrrols ar basic levels of biological
organization would immediately suggest mechanisms by
which radiation induces leukemia. The material may be
inadequate for studies of this nature, as the absolute
number of leukemia cases is admittedly small, On the
other hand, the growing evidence on preleukemic changes,
some of which may be abortive or reversible, suggests that
the large number of closely exposed survivars probably
harbor deviations from the norm which may be detected by
sufficiently sensitive laboratory procedures.
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The occurrence of leukemia ar an elevated rate in a fairly
well defiped population affords a wealth of research
opportunities. Since this wnusual sitvarion will nor last
indefinitely, it would be unfortupate if the potential
opportunities for investigation are permitted 1o pass
unrealized. It is even conceivable that the answer to the
mechanism for radiation-induced leukemia in man will be
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found by studies on the Hicoshima and Nagasaki survivors,
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MARROW BLOOD AND CELLULARITY

In Hiroshima from April to December 1947, Takeshima, a
member of the ABCC Generics Staff, undertook marrow
examinations on a large number of exposed and control
subjects. The results were submirred as a docroral
thesis to the Department of Pathology of Kyoro Prefectural
University of Medicine and published in English in 1953,

The sample consisted of 517 Hiroshima survivars in the
HE67 hematalogic survey who gave a history of epilation,
and 253 healthy controls who were not exposed to the
atomic bomb,

Approximately 2.2 ml of sternal MAILOW COonients were
aspirated through a No. 16 needle, Examinations on this
aspirated material included: hemoglobin concentration,
erythrocyte  count, reticulocyte counr, total nucleared
cells, and differential count of granulocyres, normoblasts,
and megakarvocytes. Differences berween mean values
were evaluated for significance using the Srudent’s ¢ test,

When the mean values for the exposed and controls were
compared  separacely by age-sex group, no significant
exposure  differences were found, For convenience of
analysis and using tables of randem numbers for selection,
the exposed were then divided inte 3 subgroups of 107
each, by distance from the hypocenter. As shown in
Table 42, the 0-1000 m subgroup exhibited a significantly
lower mean erythrocvee count than the 2000+ m subgroup
and conteols, while the hematocrit for the 0-1000 m
subgroup was lower than that [or the controls,

In 8 manner similar to rhart described above, the exposed
were next separated inte 3 subgroups of 100 each, by
extent of epilation. Analysis revealed a lower erythrocyte
count for the more severely epilated when compared ro the
controls, as shown in Table 43,

Takeshima stated that these results indicated that the
erythropoietic function of those who were more closely
exposed and exhibited greater epilation had nor recovered
completely 2 years after the bombing. In his concluding
remarks he suggested thar nonradiarion factors, such as
nutrition and parasitic disease, also be considersd,

Comment Recently, Takeshima has pointed out that while
the exposed were drawn from rhe [[EG7 survey sample, the
controls were not Kure City residents as in the HEG7
survey; rather, they were ourpatients at the Hiroshima Red
Cross Hospital who submitted to the sternal puncture
proceduce afrer they were found to have no demonscrable
disease. [r will be recalled that the HE67 Kure City
controls, while ambulatory, were not invesrigared for
discase status.
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TABLE 42 MEAN VALUES FOR SPECIFIED MARROW EXAMINATIONS BY DISTANCE FROM HYPOCENTER
4z BTG H S HEEE O THIE LA 5 D IERER

Marrow Examination Subjects Distance fijs: m Controls
i e 3 BRES <1000 10002000 2001+ il &
Red blood cells i B & x 106/ mm? 107 4.22* 4,27 4,38 4.37
Hematocrit = F #1) » }§f % 107 37.28** 37.92 38.57 38,44
Normoblasts 1L # 4 H it /mm3 107 43,200 46,615 46,985 45,303

*Nignificantly lower than mean for 2001 + m group and controls (¢t >2.0) 2000m Ll Fo 8f = G0E O QRESE L0 L 78 5
**Significantly lower than mean for 2001+ m (£ >2.0) 200im Pl EOSO B E O b H& 2w



TABLE 43 MEAN VALUES FOR SPECIFIED MARROW EXAMINATIONS BY DEGREE OF EPILATION

$243

AR EI T 3 HEEE O T KEOFRER

Degree of Epilatien

Marrow Examination Subjects [DES R4 Control
i #E S : R H

2/3-total Slight

FE & 1/3 AL
Red blood cells # L x 106/mm? 100 4.,20* 4.25 .36 4.33
Hemoglobin 112 3k g/ 100 ml 100 12.63 12.71 12,96 12,93
Hematocrit < k7= bifl % 100 37.50 A7.44 38.24 38.18
Normoblasts @/ H R /mm3 100 44450 41400 42250 45000

* Significantly lower than mean for slight (1>2.0) RO FHRELN L EEIEG

The marcow methods used and the reported figures suggest
that the material from the sternal marrow cavity contained
a high proportion of admixed blood. The exposure differ-
ences were confined to the non-nucleated red blood cells,
while there were no significant divergences in the marrow
nuecleated cell counts. The results of blood cell examina-
tions on the peripheral bload of the subjects in this study
were not recorded. As noted in the preceding paragraph,
the sample was not identical with that of the HEGT survey,
but the exposure differences noted in the marrow study are
consistent with the interpretations made of the HEGT
survey results on peripheral blood erythroeyte values.
From these considerations, it appears that the differences
in the results between the exposure groups Wwhich
Takeshima observed could well have been related ro rhe
admixed blood rather than to the marrow proper, a view
that Takeshima himself now shares. Histologic sections
were not prepared from the aspirated marrow particles.
However, the smears have been preserved by the investi-
gator,

HISTOPATHOLOGIC  OBSERVATIONS IN 10

SURVIVORS IN HIROSHIMA

In 1952, shortly
leukemia survey,
hemarologic disease

after completion of the first ABCC
a brief article on 10 cases of fatal
studied in the Hiroshima ABCC
Department of Pathology was published in English,
although in a Japanese journal, by Black-Schaffer,
Black-Schaffer, Kambe, and F uruta.

information on
and the

Table 44 summarizes the
distance, marerial examined,
pathologic diagnoses.

exposure
clinical and

The authors concluded that the hematologic disturbances
encountered  were  identical to corresponding ones
observed in the nonexposed and thart no pathognomonic or
characteristic changes of radiation injury were recognized
in the cases reported.

Comment A compacison of the clinical and pathelogic
diagnoses illustrates well the problems associated with
application of varving nosologic concepts and diagnostic
terms. In this series of cases, it is apparent that the
difficulties arise chiefly from subclassification of the
leukemias; and the telationship of the leukemias rto the
lymphomata and ro other entities often not readily dif-
ferentiated, such as aplastic anemia., These topics are
discussed more fully elsewhere.
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TABLE 44 TEN CASES OF FATAL HEMATOLOGIC DISEASE IN ATOMIC BOMB SURVIVORS

% 44

7

PEHRE 2 B 1) 2 MLikREAFEC o 106

o Pathology . . - : :
Case .\'Umhcrﬁ Distance Material Clinical Diagnosis Pathologic Diagnosis
£ {5 B i 4 M i B T 1 PR B e
m
1 900 Autopsy Aplastic anemia Panmyelosis
#a =B 0 LR & TR
) L] Autopsy Cllr:ﬂic lymphatic leukemia Lymphosarcoma with terminal leukemia
il b with lymphosarcoma & . - R
ML A AR %5 ) AR
b e O 5 A ) R SN IR R N 1A i
A LR
3 a70 Femur, inguinal Chronic myelogenous leukemia Myeloblastic leukemia with osteofibrosis
lymph node only o B s and osteosclerosis
LR, LIE G BRARIE & TR L 16 ) b 5K s g
o S EEER O A
4 1000 Autopsy Chronic myelogenous leukemia Panmyelosis
Al b 1 B s L i i
5 1045 Autopsy Acute lenkemia Acute myelogenous leukemia
fll ke et 1 i Bk B M A e
6 1100 Autopsy Lymphoblastic leukemia Lymphosarcoma
Gilke 3 ) SRR A Y v S EER
rs 1150 Autopsy Chronic myelogenous leukemia Acure myelogenous leukemia
&l T 14 HF el 1 S EEAEEE L
8 1500 Autopsy Chronic myelogenous leukemia Chranic myelogenous leukemia
1l B 14 5 8 14 1 0 A [ RES g RN IR
] 1530 Autopsy Acute leukemia Stem cell leukemia
ki BiEEOE A e 1
10 2110 Autopsy Acute leukemia Acute leukemia
& b il = B S
ATYPICAL  MARROW REGENERATION  AND R BREL B L O
HY PERPLASIA

A report on 4 autopsy cases of atomic bomb survivors in
patterns  were

which peculiar marrow

published in Japanese in 1957 by Y amamoto.

The purpose of rthe paper was o give

distinctive
acute and chronic leukemia.

The principal features of

the 4 cases are outlined in ZOAF OB AR

emphasis to
histopathological findings of the 4 cases in
exposed persons by comparing them to cases of typical

observed was

i@ |

Tables 45 and 46. The first 2 cases, clinically diagnosed

as acute myelogenous leukemia and aplascic anemia,
considered by
a term introduced
Schaifer who had been a pathologist at ABCC.
antemorcem diagnosis of aplastic anemia, was
prelenkemia and
atypical

respectively, were
instances of panmyelosis,

with an
regarded by Yamamoto as

given a pathologic diagnosis of

Yamamoto

leukemia in

D BRFERBIET 12,

to be - po b
Black- ATy,
Case 3, £ ABCC v 45 4

4 was

place of the clinical diagnosis of chronic myelogenous

leukemia,
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TABLE 45 CLINICAL OBSERVATIONS IN FOUR EXPOSED AUTOPSY CASES

245 PRE O 4 EIRAIZ 51T SERRATR

Leukocytes HMLEE

_Platelers Duration Clinical

Pathologyv Sex Age Dist " : -
’ ge Distance Hb T oy gy D1ABNOSIS
NumEcr R o it £ 2 fit Total Immature Neutrophils Lymphocyies Monocytes 1 74~ 48t i B 2
MR : ’ o - - i Foam b e B T '. i et !
m g/100ml /mm? % % 5 % /mm? H
1 M (3 792 4.74 800 1.0 28.0 62.5 6.0 27200 8 Acute
myelogenous
leunkemia
AR W 0 LA
2 M 51 dn6l 3.30 2400 0 BS.0 1.0 1.0 27900 5 Aplastic
anemia
(LA O R
3 M 57 Q00 0.45 1575 2I9.5 8.5 48.0 2.5 54600 12 Aplastic
anemia
FHETRERM
4 F 69 950 6.48 307666 B3.0 8.5 1.3 1] 302000 38 Chronic
myelogenous
leukemia
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Yamamoro stated that the definition of leukemia was
difficult because a good portion of aplastic anemias and
leukemoid diseases were included, He felt that cases not
classically lenkemia, such as panmyelosis, should be
separated, In reference to aplastic anemia, he cited the
work of Amane who concluded that in some instances the
marrow of irradiated persons exhibited nodular hyperplasia
of hematopoietic cells with disappearance of lymphoid
follicles and that these alterations could be regarded as
preleukemic. Yamamoto considered his Cases 3 and 4 to
show the changes described by Amano.

He commented that a history of the acute radiation
syndreme in each of the 4 cases reporred indicated
previous radiation injury to the marrow, but that proof of a
causal relationship between ionizing radiation and the
development of leukemia in an individual case would
require clinical and morphological studies of preleukemic
phases on o more extensive scale.

Comment Yamamoto's Case 3 {-) illustrates the kinds
of inconsistencies that arise because of lack of uniform
diagnostic criteria, The clinical diagnosis was aplastic
anemin. Black-Schaffer et al in their review called the
same case panmyelosis. Yamamoro considered it ro be
preleukemia, although he found the term panmyelosis
useful for 2 other cases in his series. The 3 studies
described in this section provide a basis for discussion of
several percinent poines.

Takeshima's study on  antemortem aspirated mamow
material does not appear ro have received the recognition
it deserves. In spite of certain methodological drawbacks,
his investigation was on the largest repotted group of
exposed persons subjecied to marrow aspirations. Since
the large body of slide material which he collected is still
available, it may be profitable to compare this investiga-
tion with the well-known subseguent studies of others
elsewhere who have reported significant maturation arrest
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TABLE 46 AUTOPSY OBSERVATIONS IN FOUR EXPOSED CASES

F: 46 LB 42 30t B SRR
Cagi P_:_Zhog?e-y Pathologic
i I‘;II"I"%'-: Marrow Spleen Liver Lymph Nodes Diagnosis
o 1l 5 o i AT B 1 ] BB 35 |7

1 Fibrosis marked in 3(_50 g. Sinuses filled 1465 g. Few young Few young granulo- Panmyelosis
flat bones with young granulocytes, granulocytes, normo- cytes, normoblasts, L i
WAL WES s normoblasts, mega- blasts, megakaryocytes megakaryocytes i
W ka E & O )

RAyoeyles Mg, DUOWMEIRGE DO WERGTEL,
00g. HMGEHREDE ML, KHAFEH, BEfis WAFIR, B
Wha, WAEFR, EHERT

MrERTVE,

2 Fibrosis with hyper- 64 g. Few immature 2650 p. Central Panmyelosis
plasia of all hemo- granulocyres in sinuses necrosis S ik s
poietic (mostly e s " - 1y AR
Lot Blg. WMIZD OB 2650 g . I
immature) elements ¥ 3 95441 515

3 Severe fibrosis in rib, 125 g. Young granulo- 1710 g. Few monocytes, Preleukemia
hypecplasia of all cytes and megakaryo- megakaryocytes il 1 I
hemopoietic elements, cytes in sinuses 1710 g . & # o §ikE i & o
nodule of questionable 125, . i |- Bk & 4 B R :
young granulocytes Hillla - BRI
e} Sk D EE OB
(b, 5500 5% ko
1y Al K ) R R
filarBhhnaigm

4 Areas of aplasia, G80 g. Fibrosis and 1350 g. Young granulo- Many young granulo- Atypical
fibrosis, and hyper- voung granulocvtes cytes and few normo- cytes and few mega- leukemin

plasia with pcedomi=
nance of young granulo-
cytes
TR,
e
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blasts and megakaryo-
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All cases with acute radiation symptoms.

occurfing  in
Takeshima's

studying

possible

the marrow of

atomic

EMERAMBERS L L,

bomb

survivors,

marrow material might also be wvaluable in

preleukemic

morphologic
which were not specifically sought in 1947,

alterations
Some of the

individuals studied, both exposed and controls, may have

developed

leukemia subsequently,

and

it is conceivable

that the marrow cells of the irradiated bear changes not
present in the controls.

The reports of Black-Schaffer et al and Yamamoto
indicate the need for more extensive invesrigation of
anatomic material especially in the light of more recent
reports by others elsewhere of marcow 'patrerns of blast
foci, specific phenomena seen only in exposed cases' and
abnormal marcow  regenerative patterns ascribed to
neutron-induced radiephosphorus beta emissions., It does
not seem unreasonable to suggest that a large proportion
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of survivers who received high doses of radiation harbor ERLw-LEIHETHE. SHEOBEBEBVARRED

subrle tissue chi}nges (ha_[ will require more ser?sitive FEisrd, BECOHEBELEELTVSY, 20 T o o
methods for their detection. From the experiences —— sk g L AR b 3 AD LSS A T
reviewed here, it appears that the following general EBENOHUBRBEELRLTALFRIIOELZHETA
principles would need to be observed: Firsr, a larger Mokt uwEBbid, ITHIL AFES S, KO—4R

proportion of the cases of patients with serious hematol- B &S Al EE S

ogic disturbances as well th persons losel A
sturbanc as other more closely T I e e A G e R e o
exposed should be subjected to intensive antemorrem as LE{OBMEDMABREL T EE & VCITHRERREELIZS
well as postmortem anatomical investigation. Second, the WTHhAERENELMEEEz T2 E 2 6 210,
controls n‘eefl o l:!e properly selected. for example, age Wo, wHEOHEEEYCL Y ThEEs V. HE A
and coexisting diseases, such as active tuberculosis, i _ L o e S o v
which may also influence the appearance of the marrow (F, FMPEMIERBEN LI, HHEOREEEE £ R
shpuld be considered, Finally, uniferm diagnostic T lOhIEROMEEER AR L GELS L0, K
criteria should be ad‘opted and examinations i(?ea.lly s IR AEE A L, 2 AR B HARE A7 &
should be conducted withour knowledge of the radiation g oo et il ook
exposure history of the patient. FrRuEIELTehahdasdyv.
Besides the studies reviewed here, observations on oL AFEOIE Az, ABCC THY 5 h sl &
anatomical material collected at ABCC have been made at M . - "
the U.S. Armed Forces Institute of Pathology. By EounTRIGEBENRERTERELTE> T s, 1959F

February 1959, a total of 115 leukemia cases was present-
ed for review by thar organization, and attempts are being

2H &¢Iz, #E115 Mo BMmEA R IR~ a2 wbix

made to distinguish by morphologic criteria leukemia S5, TERESEMIEEC ko THESBICE S AR, RS

following radiarion from leukemia not connected with

unusual radiation exposure, B MEo s ALK ERR T AR ZERTHLA,
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THERAPY IN HEMATOLOGIC DISORDERS

ABCC's search for possible late radiation disturbances
in atomic bhomb survivors entailed rendering of medical
care on a small scale in special instances, making
possible a few reports on responses to treatment. Even
before establishment of the small inpatient ward 2t ABCC
in Hiroshima in 1953 and a similar though smaller and

temporary  unit in Nagasaki in 1955, the course of
hemutologic  disorders of interest in  persons under
medical management elsewhere in the two cities was

observed by ABCC physicians acring as consultants. In
many instances ABCC furnished cherapeutic agents, some
of which were not readily available in Japan especially
duting the early postwar years,

Reports originaring at ABCC on therapy in hematologic
diseases dealt with 3 main groups of disorders: the
leukemias, polycyrhemia, and anemia. The results of
studies on anemia are discussed in other sections of
this review. In this section the reported experience with
treatment  of the leukemias and polyeythemia will be
covered.
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THE LEUKEMIAS

In December 1953, Moloney and Fujii began a study of the
response of patients with chronic granulocytic leukemia to
busulfan (Mvleran), 2 sulfonic acid ester alkylating agent
introduced in England earlier in the same year. Their
observations on 4 cases were published as an abstract in
Japanese in 1954 and on a total of 6 cases in an ABCC
Semiannual Report,

All of the 6 patients with chronic granulocytic lenkemia
had been exposed within 1500 m from the hypocenter and
exhibited features of the acute radiarion syndrome., The
investigators recorded satisfacrory hematologic responses
to busulfan without serious toxic effects in each inscance.

Gomment This was the first study on the use of the new
drug busulfan in Japan. The salutary effects observed by
Maoloney and Fujii in the Japanese atomic bomb survivors
were similar to those reported by others in persons who
had not received atomic radiation., Thus it appeared thar
response to therapy would probably not distinguish
radiation-induced cases of leukemia,

By 1958, the intreduction of several newer drugs had
greatly increased the complexity of chemotherapy in the
leukemias, Because of rhe cooperation of the lacger
medical institutions in Hiroshima with ABCC's leukemia
investigation program in rthar city, a fairly substantial
number of cases became available for determining the
effects of some of these new agents. This experience was
recorded in an article in Japanese by Heyssel and
Hoshina in 1958 and in a paper by Hoshino, Heyssel, and
Crowley presented ar the First Asiatic Congress of
Hematology in the same year and published in English in
a Japanese journal. In the First paper, Heyssel and
Hoshino reported satisfactory results in the treatment of
22 cases of chronic granulocytic leukemia with Myleran.
In both papers, the writers described the trearment of 39
cases of the acute leukemias. As only 7 cases were
exposed persons, the influence of radiation exposure on
response Lo treatment was not appraised. A breakdown of
the cases in this series by hematologic cell type and age
group is shown in Table 47. The therapeutic agents, &1l
administered orally, were the corricosteroid compounds,
prednisene, and prednisolone; the purine antagonist,
G-mercaptopurine; and amethopterin, an antifolic acid drug.

The authots reported rthat initial complete remissions
occurred more frequently in children (72%) than in adults
(48%) and more often in acure lymphocyric and undifferen-
tiated (87%) than in granulocytic leukemias (45%). The
mean survival times, from the onset of symptoms to death,
for 30 subjects in their series was about twice as long as
those for a control group of 61 subjects observed during
the previous 12 years who had not received ‘specific
anti-leukemic therapy.'

These survival time values, shown in Table 48, differ
from the general experience of other workers in that
mean survival in treared childhood acute leukemia is more
favorable, whereas survival in treated adults is not
prolonged appreciably. However, the whole problem of
evaluating the efficacy of various measures of rtrearment
in the leukemias, especially in terms of the influence on
survival time, is very complex and currently controversial.
An evaluation of these matters in Nagasaki cases, based
on material collected at the Nagasaki University Medical
School, has recently been made independently by
Tomonaga, As the number of cases in both Hiroshima and
Nagasaki increases, it may be feasible in the [uture to
attempt an assessment of the influence of atomic bomb
exposure as well as the complicating factors of variarions
intherapeutic agents on survivaltime.
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TABLE 47 TREATED ACUTE LEUKEMIA CASES, BY HEMATOLOGIC CELL TYPE AND AGE GROUP
BT EREFEL - BMEANRER  MERHE - Ea R

Cell type of Acute Leukemia Children Adults Total
BrE 1 o A R B A it
Granulocyric #ifyIp 11 12 23
Lymphoeytic ') > 18 G 4 1o
Monocytic (Naegeli) HLEREL 4 %1 | (1] 1 i
Undifferentiated # 7 (& 1 4 5
Total it 18 21 39

TABLE 48 MEAN SURVIVAL TIME IN ACUTE LEUKEMIA CASES
Fa48  BE [ I E 5 o T A T

Mean Survival Time in Weeks

R fE IR M)

Therapy Subj ects
RO P Children Adult
LA i A
Therapy Series i 30 29.5 28.0
"Untreated’ [IE@HF 61 11.6 13.8
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POLYCYTHEMIA

In 1954, Moloney, Fujii, and Sears included 2 cases of
polycythemia vera in their account of parients receiving
busulfan (Myleran) which appeared in an ABCC Semi-
annual Report, This srudy on the treatment of primary
polycythemia was extended to cover 5 cases by Wald,
Hoshino, and Sears, who published their results in the
1.8, and Japan in 1958.

In the 5 patients studied, complete hematologic remissions
were observed on 7 eccasions and partial remissions twice
following drug rherapy, The writers concluded thart
busulfan was at least as effective as other known treat-
ment measures for primary  polycythemia. However,
special advantages were to be found in the fact that the
deug obviated the use of radiation such as with radio-
phosphorous (P-32) or X-rays, which might increase the
risk of development of leukemia, Moreover, busulfan was
easily administered, relatively safe, and free from
adverse effects in the therapeuric dose range.

Comment This paper merits priority in demonstrating the
suitableness of busulfan in the management of primary
polycythemia, a result which has been subsequently
amply confirmed by others.

Because of a recent report in Japan celating an increase
in incidence of polycythemia vera to radiation based on
18 cases in Hiroshima atomic bomb survivors and rhe
concern of the 1.8, National Academy of Sciences-
National Reseacch Council Subcommittee on Hemarologic
Effects in this matter, it is pertinent to review ABCC
material on this preblem, In 1957, Wald stated thar 5
cases ol polycythemia vera had been observed in the
Hiroshima cxposed population but that this did not appear
to represent an increase in incidence. By 1960, a toral of
7 cases were known to ABCC in Hiroshima, while none has
as yet been reported in Nagasaki atomic bomb survivors.
Table 49 gives identifying data on the 7 Hiroshima
cases. It will be noted that none of these persons
were within 2000 m from the hypocenter or exhibited
features of acute cadiation illness. According to current
estimates by ABCC consultants in physics, the amount of
radiation absorbed by these individuals was probably
negligible, At ABCC, polycythemia vera, in accordance
with usually asccepred concepts, has been considered a
distinct disease entity presenting evidence of excessive
poliferation in all three main marrow blood cell lineages:
erythrocytes, granulocytes, and mepgakaryocytes; usually
with accompanying splenomegaly; and without demonst=
table evidence of causal factors such as hypoxia or a
discrete extramedullary tumor.

In a discussion with the authors of the report on 18 cases
of polycythemin vera occurring in Hiroshima atomic homb
survivors, it has been learned that the apparent discre-
pancy with ABCC findings is due to differences in
methodological approach. In the above-mentioned LB
cases the sole criteion for inclusion was a blood
erythrocyte count of 6,0 million/mm? or greater without
regard for involvement of the other major blood cell types,
and of coexisting factors that might account for the
erythrocyte count valve. None of the subjects who had
been  exposed under 2000 m fulfilled the diagnostic
criteria for primary polyeythemia nsed at ABCC,
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STUDIES ON HEREDITARY HEMATOLOGIC
DISORDERS

From 1953-58, several reports on genectically determined
morphologic alterations in blood cells, none of which
could be related to atomic bomb exposure, were completed
at ABCC. The abnormalities dealt with in thése papers
were of two main types: a nuclear anomaly of white bleood
cells and elliptical ted blood cells,

PELGER
CYTES

NUCL.EAR ANOMALY OF GRANULO-

The discovery of the peculiar lack of segmentation of the
muiclens  of granulocytes, known as the Pelger-Huér
familial anomaly, in an HEG7 survey woman in Kure City
was reported as the 4th case to be described in a
Japanese subject by Yamasowa, Fujii, and Tsuchitori in a
U.S. publication in 1953, The subsequent investigarion of
95 individuals in 4 generations of the family of the
propositus led to the detection of 25 additienal cases of
the nuclear abnormality and confirmation of the simple
dominant Mendelian inheritance of this disorder.

In 1954, Morton, Moloney, and Fujii, in an American
journal, reported no evidence of a close linkage of the
genes for phenylthiocarbamide taste sensirivity, ABO, or
Rh bloed groups to the gene for the Pelger-Huet white
blood cell anomaly.

A report on two more instances of this structural altera-
tion in leukocytes, representing the Sth and 6th families
to be reported in Japan with this hereditary abnormality,
was published in Japanese by Fujii and Tsuchitori in
1955.

ELLIPTOCYTOSIS OF RED BLOOD CELLS

A form of elliprocytosis in which the majority of the
circulating red blood cells are oval-shaped was noted in 7
subjects examined in Hiroshima, This account appeared
in an article in JTapanese by Fujii, Tsuchitori, and Ohishi
in 1953. When the families of the affecred individuals
were investigated, 10 additional cases of ovalocytosis
were found. Study of the pedigrees of 5 families revealed
evidence for simple Mendelian dominance as the mode of
inheritance of this disorder.

An extension of the study of the 5 families in which oval
red blood cells had been observed was recorded by
Fujii, Moloney, and Morton in a (.S, journal in 1955.
These writers were unable to find evidence for significant
linkage of the gene for ovalocytosis to the genes for the
ABO, Rh, or MN blood groups.

In 1957 Ito reported on an additional family in Hiroshima
with ovalocytosis. Although this paper was in a Japanese
journal, it was written in English. It took rthe opportunity
to distinguish the hereditary form of this disorder from
similar forms which are related to other diseases, such as
iron deficiency anemia,

[n a |apanese publication in 1958, Sugishima and Hoshino
reviewed 4 cases of hereditary elliptocytosis observed in
a family in Hiroshima. Although erythrocyte count and
hemoglobin values tended to be slightly reduced, these
workers were unable to find convincing evidence of
hemolytic disease.  Serum bilirubin, hemoglobin papet
electrophoresis, and Coombs antiglobulin determinations
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revealed no abnormalities and the radiochromium red blood
cell survival half-time, in the 1 case studied, was not

shortened. A slight increase in red blood cell osmotic
fragility and mildly accelerared autohemolysis were
observed in 2 cases.
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KERNICTERUS IN INFANTS

Kernicterus, a disease fearuring jaundice of the patient
and of nuclear masses of the brain, was intensively
investigated in Japanese infants on marerial collected ar
ABCC fram 1948-53. Although this activity originated in
conjunction with ABCC's comprehensive search  for
possible genetic affects of atomic bomb radiation, the
results did not suggest any relationship of kernicrerus in
the bahies to radiarion exposure of|their parents. Begin-
ning in 1951, a series of reports was published which
represented the efforts of a succession of collaborators in
several specialties at ABCC: Furuta, Kambe, Black-
Schaftfer, Margoles, Marsuyama, and Katami {pathologists);
Sutow and Kawamote (pediatricians); and Moloney (clinical
hematologist). The last paper included contributors [rom
the Armed Forees Instituce of Pathology: Pentschew and
Haymaker {pathologists); and Parnell (analytic stacisti-
cian).

The sample in the completed series consisted of 2
kernicterus group of 25 infants; 2 comparison group of 20
infants, who had visible jaundice but not the brain lesions
of kernicterus; and a control group of 56 infants considered
to be representarive of all necropsies performed at ABCC
in Hiroshima on babies 3-14 days old at time of death.
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Clinical, serological, and pacthological data were
presented. Serologic examinations included rests for
ABO, Rh, and other minor blood group incompatibility of
the parents, Coombs testing of the infant’s red blood cells,
and ticration of the mother’'s serum for excessive anti-red
blood cell ‘immune’ antibodies,

The overall frequency of kernicterus in this auropsy
series was 6%, an occurrence rate considerably highes
than that suggested by previous reports on Japanese
infants. Among the 25 cases of kernicterus, serologic
tests excluded isoimmunizatien in 16 instances, gave
negative but not conclusive evidence in 8 cases, and
clearly demonstrated isoimmunization in only 1 case
(blood group A incompatibility in parents, and positive
Coombs test of infant’s red blood cells).

The majority of the infants with kernicterus were
premature, but the 2 pnonkernicterus groups were similar in
this respect. Neither sex nor complicating facrors
distinguished the 3 groups, but there were more firstborns
and the survival time was shorter in the group with
kernicterus,

The histologic changes in the central nervous svstem in
infants with kernicterus but without isoimmunization were
as in cases studied by others in which kernicterus was
associated with isoimmunization., The degree of systemic
icterus was significantly greater in the kernicrerus group
than in those without kernicterus. However, there were a
few kernicterus cases in which jaundice was mild and
several nonkernicterus cases in which systemic icterus
was moderate or pronounced, With rthis evidence, the
authors concluded that factors in  addition to hyper-
bilirubinemia are probably responsible for the damage of
the brain in kernicterus,

Comment These investigations at ABCC on kernicterus
were of special importance in establishing the fact that
although the occurrence of an Rh negative serologic type
is rare in Japanese (0.3%), the incidence of kernicrerus in
Japanese infants is not as infrequent as previoosly
teported.  This situation seems to be related at least in
part to the observation that contrary to a long-standing
prevailing view, in most instances kernicterus is nor
associated with Rh, ABO, or other as yet demonstratable
types ol isoimmunizations.
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STANDARD HEMATOLOGIC VALUES IN
JAPANESE

Observations by ABCC on a large number of persons not
exposed to the ionizing radiation of the 1945 atomic
explosions are valuable not only as controls by which to
determine possible late radiation effects but alsp as
indices of the health status of the Japanese people in
general and in deriving standards for defining norms. The
periodic hematologic examinations by ABCC over @ span
exceeding 10 years on thousands of members of this
ethnic group are without parallel, Reports of bloed cell
measurements on controls studied at ABCC  will pe
reviewed in this section.

CONTROLS IN
SURVEY, 1947-48

THE HE67 HEMATOLOGIC

An  analysis of the hematologic data on nonirradiated
persons used as controls for the Hiroshima epilated
survivors in the HEG7 hematologic survey 1947-48 was
published by Snell in the 1.5, in 1950,

The sample represented 935 randomly selected residents
of the neighboring city of Kure, equated by age and sex to
the exposed Hiroshima subjects. There were 422 males
and 513 females, with ages varving from 3 to 75 years, but
with a preponderance of school-aged youngsters. Srandard
U.S. Army laboratory methods were used, hemoglobin
concentration at that time being determined by the copper
sulfate specific gravicy technique.

shown in
No

Selected results on erythrocyte values are
Table 50 and on leukocyte counts in Table 51.
platelet enumerations were included in the HEGT survey,

Snell listed the divergencies in the Japanese subjects
from the usual Caucasoid expectancies as: lower hemoglo-
bin concentration, red blood cell count, and hemarocrit
beyond puberty; a progressive increase in mean cell
volume with age, especially in males; reduced mean cell
hemeoglobin  concentravion; and a higher total lenkocyre
count and eosinophil percentage,
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TABLE 50 MEAN VALUES OF SPECIFIED ERYTHROCYTE EXAMINATIONS BY AGE AND SEX
HEG7 SURVEY KURE CITY CONTROLS, 1947-48

#50 HE 67 B Setiaf BB 13 5 RN ER O $5 7 Bk TR E 0 16 « &0 - [ER, 1947 —48%F
— Male Female %« Total & &
Examination Age
WA i Number Mean Number Mean Number Mean
1 & I A9 il i £ 14l {7l 4 I 40
Hemoglobin Concentration - 9 136 12.65
o £ 3 it 10-14 187 12.86
e/ 100 ml 15-19 118 14.19 157 12,96
20-39 6 14.45 96 12,59
40+ 90 13.04 i) 12.26
912 13.14
Mean Cell Volume 0- 9 95 §3.23
T 45 1 3R EE R 10-14 109 85.06
3 15-19 99 88.15 67 86.88
20-39 44 91,00 7 89.08
40 + T4 93.22 64 13
629 B7.85
Mean Cell Hemoglobin Concentration 0- 9 105 32,28
i ER L R A 10-14 130 32.24
o 15-19 99 32.49 73 31.94
20-39 43 32.55 77 31.76
40+ 74 31.99 64 31.87
665 32.15

TABLE 51 MEAN AND STANDARD DEVIATION, TOTAL LEUKOCYTE COUNTS AND
EOSINOPHIL PERCENTAGES FOR MALES, BY AGE. HE67 KURE CITY CONTROLS, 1947-48

#51  HE 67 i ot IR EEE T o M B4 A M3k 3 b & CIFRESRE - O T &

BE(R 22 : FHH1, 1947 —487F

Examination Age Number Mean SD
HiiEw H o it 7l & THl S0 E

Leukocytes Smm3 0-9 100 12570 3124
F i £ 10 - 14 112 9973 2177
15 - 19 101 9926 2467

20 - 39 52 8942 1995

40+ 88 9284 2251

Total #t 707 9903 2693

Eosinophils % D=9 100 11.58 7.89
Tk 10 - 14 112 10.07 7.09
15-19 101 10.49 7.91

20 - 39 52 10.48 8.37

40 + 88 7.06 4,24

Total B 707 §.93 7.02
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He then discussed possible factors responsible for these
differences, emphasizing their complexity and the dif-
ficulties in drawing definite conclusions wichout conside-
rably more precise information. Disease was an obvious
factor. Although all subjects engaged in their usual daily
activities, they could not be considered a healthy group as
no attempt was made to exclude those with pathologic
findings. The prevalence of specific diseases was not
determined, but chronic infections, such as tuberculosis,
were believed to have high occurrence rates. Snell alluded
to the government’s 1947 morhidity estimates of BO%-905%
for ascariasis and 50%-60% for hookworm disease, Diet was
considered of special significance. Figures given in a
government publication on the composition of the average
Japanese diet led Spell to relate the lower erythrocyte
values to inadequacy of dietary animal protein. Because
of the estimate of a daily iron intake of 55 mg, nutritional
deficiency of this mineral was not considered of major
importance,

The elevated mean leukocyte count of 9000/mm3 was
ascribed to the high frequency of chronic infectious
diseases, and the greater eosinephil percentage seemed
readily explained by the wide prevalence of intestinal
parasitism.

CONTROLS IN THE PE18 GROWTH AND DEVELOP-
MENT SURVEY OF HIROSHIMA CHILDREN AND
ADOLESCENTS, 1951

From January to December 1951, hematologic observations
were included in the PE1S Growth and Development Survey
of exposed children. The results on the companion group
of young people who were not in Hiroshima at the time of
the atomic bombing were presented at the 1954 annual
meeting  of the Chugoku-Shikoku Pediatric Society hy
Neriishi, and published in Japanese in 1955 as ‘Standard
Hemarologic Values for Japanese Children and Adoles-
cents,'

The sample rotaled 2699, with 1365 boys and 1334 girls
aged 5-19 years, selected from Hiroshima city school
entollment rosters and an ABCC list of controls. Standard
U.5. laboratory methods were emploved, but unlike earlier
vears, hemoglobin concentration was measured using the
spectrophotometric alkali-hematin procedure,

The mean values of selected hematologic examinations
are given in Table 52, by age and sex, so that they may
be compared with cthe other tables in this section.
Neriishi stated that average erythrocyte count, hemoglobin
concentration, and hematocrit values were about the same
for Hiroshima boys and girls aged 5-14. However, from
age 15-19, the values for males rose progressively, while
those forgirls did not increase.

The mean leukocyte and differencial percentages exhibited
no sex differences, bur there was a gradual decline in
total leukocytes and lvmphocyte percentage with a rise in
neutrophil percentage as the children aged, Mean
eosinophil, basophil, and monocyte percentages showed no
age changes of significance,

The only information on associated morbidity referred to
the harboring of =ascaris ova in 24%, and to hookworm
eggs in 9.0% of the members of the sample. Neriishi noted
the similarity in the age trend of the hemoglobin values
for the ] apanese children as compared to Westerners and
arcributed the delayed hemoglobin rise in 15-19 vear old
Japanese boys to their relatively slower body development.
In an abstract in Japanese in 1956, Neriishi and Mukai
reported that hemoglobin values of nonexposed Hiroshima
girls, aged 12-18, bore a special relationship to adolescent
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TABLE 52 MEAN VALUES FOR SPECIFIED HEMATOLOGIC EXAMINATIONS
BY SEX AND AGE IN PEL8 SURVEY CONTROLS, 1951

#52 PE 1SFAZ S BETE (2 & 11 5 00522 A9 7 M T H 00 T H9 1
- EREEY, 1951

g o Male %5 Female %
Examination Age

W e R Number Mean Number Mean
il 4 P k=4 iy

Hemoglobin 5 9 438 11.9 432 11.9
e 10-14 501 12.3 524 12.2
2/100 ml 15-19 426 13.4 378 12,2
Mean Cell Volume 5- 9 275 91.8 285 92.1
43 1L R TR 10-14 498 92.0 521 93.1
3 15-19 423 94.7 377 94,5
Mean Cell Hemoglobin Concentration 5= 9 275 3l.6 288 31.7
i b o g 0 £ 3E i 10-14 498 31.8 521 31.6
kY 15-19 423 51.9 377 313
Leukocytes HULEE 5- 9 438 0110 432 9220
10=14 501 8220 524 8170

/mm? 15-19 426 7670 379 9060
LEosinophils AF&LER 5« 9 438 8.7 432 7.9
10-14 501 9.8 524 8.5

% 15=19 426 8.2 79 B.1

growth and development. Hemoglobin levels declined
slightly 6 months before menarche, at a time when there
was accelerated body growth. As growth and development
slowed, 6-12 months after the onset of menses, hemoglobin
values rose to previous levels.,

CONTROLS IN THE HIROSHIMA MES55 ADULT
MEDICAL SURVEY, 1950-53

The lst cycle examination of the MESS medical survey in
Hiroshima, 1950-53 provided a sizable body of data on the
nonexposed control group of 2162 subjects. Tabulations
of the hematologic values of this group were issued as
‘Standards for Hemarologic Observations’ by Moloney and
Kastenhaum forinternal use at ABCC,

The precise composition of the original sample is not
known, but the controls may be considered to have
consisted of adult Japanese residents of Hiroshima who
had migrated to the ciry, many from other countries in the
Far East, beginning 1 January 1946.

Table 53 is from the summary of the MES5S5 hematologic
stapdards, and Table 54 pives a breakdown of hemoglobin
and mean cell volume values by age as well as sex.

Comment A commentary did not accompany these tabula-
tions but, in view of the other reports reviewed in this
section and subsequent developments, cerrain remarks
seem pertinent. '
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TABLE 53 STANDARDS FOR HEMATOLOGIC OBSER VATIONS BASED ON DATA COLLECTED FROM 2162
NONEXPOSED RESIDENTS OF HIROSHIMA (MESS 1ST EXAMINATION)

FE3 EBRIEMIFHLIZA DG BTz CMLEEEIBE 0L (MESS & 1 ER2%)

Lower Limic Upper Limit

Examination Sex TS Mean AR
g E i RS 5

95 % 80 % 80 % 95 %
RBC x100/mm3 M % 3.6 3.9 4.5 5.0 5.3
TR F % 3.2 5.5 3.9 4.4 4.7
Hemoglobin g/ 100ml M B 10.5 11.5 13.5 15.5 16.5
& ¥ i F %= 8.7 9.7 11.6 13.4 14.4
Hematocrit A M 3B 34.0 37.0 43,0 49.0 52,0
A by bl F % 30.0 32.0 37.0 42.0 45.0
MCV i M B 84.5 89.5 96.1 101.6 104,1
T AR TN F % 80.2 85.3 94.0 100.5 102.7
MCHC % M % 27.2 28.8 31,3 33.3 34,4
TV ER i £ 35 e F % 26.5 28.4 31.0 32.8 34.3
WBC % 10/ mm3 M 2 3.2 4.6 7.0 9.6 10,9
F R 2 F % 3.4 4,7 T2 9.6 11.0
Neutrophils % M % 25.5 32.1 48,9 56.0 62.2
iF pag F % 27.4 35.0 48,9 61.7 69,0
Lymphocytes = MW 9.0 15.0 26.6 36.0 41,5
1w aisk F %« 12.0 17.4 28.3 38,0 44,0
Maonocytes i M 5 1.6 2.8 6.6 10.0 12.3
i B F % 1,3 2.4 5.9 8.7 11,0
Band neutrophils % M B 0.5 1.5 6.9 12.8 19,2
T o B F % 0.8 1.5 7.6 14.0 20.8
Eosinophils % M % D 0.8 Fod 14.0 21.0
1T 1% 5K F & 1] 0.5 8.7 17.0 28.0
Basophils % M % + . 0.6 0.8 1.6
7 4 4 £ F # . . 0.6 0.8 1.6
MCH 3 M % - = 304+ . -
T L 5 AR R - . 290 = G

*Lower limit is zero; only upper 5% and 20% are considered. FIRIZ ¥, Liro 5%y & 2% Lt e REL

**Computed from MCV and MCHC means, FHMMFEN &L O P RmBA S RIED THM Ao HEL -

The erythrocyte wvalues are of special interest. Their
variation is expressed in rerms of the 80% and 95% upper
and lower limits. The criteria for anemia used bv Lange
and Moloney in the MESS sucvey correspond to values
about midway between the B0% and 95% lower limits given
in Table 53. The mean hemoglobin, red blood cell count,
and hematocrit values were lower than those considered
normal in the U.S. The average mean cell volume was
greater, but the average mean cell hemoglobin concencra-
tion was smaller than the normal standard in Western
countries. The mean leukocyte value was in accord with
that in rthe U.S., while the MESS control eosinophil
percentage was notably higher.

It is helpful
nonirradiated

to compare the hematolopic values for the
control samples examined at ABCC with
each other, with hematologic standards proposed hy
investigators on other populations in Japan, and with
standards customarily empleyed in Western socieries,
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TABLE 54 MEAN HEMOGLOBIN AND MEAN CELL VOLUME VALUES FOR MESS
FIRST CYCLE EXAMINATION CONTROLS

#2540 MESSH 1HMBEIC 5 R0 06X RTHE : THOHREH

_— Male % Female %
Examination Ape

kS E = Number Mean Number Mean
ik T Tt i
Hemoglobin 20-24 99 14.2 225 11.3
RS 25-29 60 14.3 232 11.6
2/100 ml 30-34 62 14.0 128 11.6
35-39 87 153.7 176 11.6
40-44 102 13.8 123 11.5
45-49 148 13.2 133 11.6
50-54 89 13.4 %4 12.0
55-59 72 13.3 69 11.8
60+ 128 12.7 128 11.4
Mean Cell Volume 20-24 99 97.2 226 04.4
T By 25-29 60 97.0 230 4.4
30-34 62 973 126 94.8
pn 35-39 86 95.5 175 95.2
40-44 102 96.2 122 94,7
45-49 149 96.1 132 93.8
50-54 89 97.1 93 94.9
55-59 72 97.1 69 94.6
60+ 129 96.6 128 04,1

When the figures for the 3 control samples are viewed
together, thete is fair, although neot uniform, agreement in
the hemoglobin concentration values, The mean hemoglo-
bin wvalues in the HEG7 survey (Table 50) are slightly
higher than those recorded in the 2 subsequent surveys,
However, in view of the geographic, age, and time
composition of the samples, as well as the differences in
the laboratory methods used, small discrepancies are not
entirely unexpected. The hemoglobin values in all 3
ABCC control samples are somewhat lower than those
given in 1960 as normal standards for Japanese (Table 55).
This divergence is probably related to the prevalence of
various diseases in ABCC controls, as clinically
detectable abnormalities were cause for exclusion from
the samples examined for normal Japanese hematologic
standards, However, the standard hemoglobin values f[or
Japanese shown in Table 55 are lower than those for
Westerners such as Americans. Although racial (or more
specifically, genetic) factors may account for this
difference, it is of interest that Japanese residing in
Hawaii have hemoglobin values identical with Caucasoids
in the U.8, In reference to hematologic values in ABCC
contrel samples, Snell in 1950 did not consider iron
deficiency an important factor, chiefly because government
estimates (now known to be erroneous) suggested thar the
average Japanese diet contained an abundance of iron.
Truax, on the basis of lower serum iron values in Nagasaki
Japanese, believed that iron deficiency was evident even
with "normal hemoglobin values.” A recent pilor study in
Nagasaki has indicated that the wide prevalence of iron
deficiency =also extends to adult ] apanese, especially
women, with hemoglobin values in the 11.0-11.9 g/100 ml
range, as evidenced by absence of stainable iron in marrow
sections and a rise in hemoglobin levels after administra-
tion of iron. Neriishi's comment, on the basis of the
PE18 survey control data indicating that the slower rise
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TABLE 55 NORMAL HEMATOLOGIC VALUES FOR JAPANESE, 1960
#55 HAEAOMAEEHE, 19604

Examination Male 2 Female %
BHMAE Mean Mean
Tl TR
Red blood cells I x 106/mm3 3,50 470 570 3.20 430 5.40
Hemoglobin & % it g /100 ml 12.0 15.4 18.7 10.1 13.6 16.8
% 75 96 117 63 85 105
Hematocrit Ay Yy bl % 47 42
Mean cell volume FEIMRER & 93
Mean cell hemoglobin concentration MLk & ¥ in i % 33
White blood cells EILE /mm3 6700
Neutrophils o v 2g % 40,0 55.0 71.0
Lymphocytes )RR % 26.6 36.5 46.6
Monoeytes N £ % 2.3 5.0 77
Eosinophils fif K 2 % 0.2 3.0 6.8
Basophils HFHE N 5 % 1] 0.5 1.0
Platelets i o4~ x 103/mm3 40 200 350

in hemoglobin values paralleled the delayed general body
development of Japanese as compared rto Caucasoid
adolescents, underscores the importance of age-related
facrors. However, it is noteworthy that no difference was
observed in the hemoglobin levels of J apanese, Chinese,
and Caucasoids 16-25 years of age residing in Hawaii.

In the U.S., low hemoglobin values occurring frequently in
‘normal’ infants have been observed to rise after iron
therapy. A decline in hemoglobin values in elderly
Japanese has been ascribed to aging, but more specific
factors, including a negative balance of body iron, have
not been thoroughly investigated.

The HEGT7 survey control data (Table 50) indicated a
progressive rise in mean cell volume with age. This
observation appeared to be strengthened by the higher
mean cell volume figures noted in the MESS sucvey on
older subjects (Table 54), However, when the MESS
values for successive age class intervals are carefully
examined (Table 54), no age association is apparent.
Even when age is taken into considerarion, another
inconsistency appears in absolute mean cell volume
values. They were distinctly higher in the PEL8 and
MESS surveys than in the earlier HEG7 study, Moreover,
they were greater than those usually considered normal in
the U.S. and higher than mean cell volume measurements
in Nagasaki, A similar lack of agreement in mean cell
volume srandards has been found in the U.S, and may be
telated to systematic differences in laboratory technique.
The relationship of age to red bleod cell size deserves
further attention at ABCC in view of separate ohservarions
made since thé studies reviewed in this section were
completed: The hypothesis has been advanced that
ionizing radiacion accelerates aging; an increase in
erythrocyte volume in elderly Japanese in the Kanto region
of Japan has been described by investigators; and several
Japanese workers have reported a specific macrocytic
anemia occurring with high frequency in atomic homb
survivors.
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The leukocyte count values have been discussed in derail AMEFZIz TR, 19499—-S4FEOMMIZFELIETFTLAES

in relation to their decline which was most evident during

the period 1949-54. Here it will be nored that although AT THMITME o A, 1047 — 4B |2 [ LSRR S 00 P il

Snell’s proposal that the elevated mean total leukocyte
count of 1947-48 was probably attributable to the common
occurrence of chronic infections, it has not been possible
to demonstrate a fall in the prevalence rates of known

infectious diseases that would account for the decline in FROETHAELZLB3BLSTWEG, 8512, ABCC
the leukocyte count. Moreover, control mean leukocyte S i o T s 5 i A .
count values in 1957-59 at ABCC are lower than those DH 51957 —50E M IR o P A M S, WikEDE
accepted as normal in countries such as the U.S, where mENAFLINAENELEEs Y OBEETEKEELIGN
the prevalence of infections is considerably less than '
in J apan. TLEfALENE,

Eosinophil percentages displaved a decline from a mean e M o MR G o 121947 — 480 P65 5

value of 11.6 in 1947-48 to about 8 in 1950-53 (Tables 51
and §2) in the control samples described above. This has

been atrributed to the sharp reduction in the occurrence of BAE, FEMRELS S OMEFERERERORBMSET
intestinal parasitism, such as ascariasis and hookworm CrkabtanTvws., EREHARADIIGOED MG ( 255)
disease, The 1960 scandards for normal Japanese (Table i =i e i e A
55) give an upper limit of 6.8% ecosinophils in the white tEBk, BELBFAOHBUTE, BMKE o 5 ) B
blood cell differentinal count for approximately 95% of O LEIL6.8%Tad. SO LI, TCTHSAHE
apparently healthy Japanese. While this is further e i =it it
evidence rthat ABYCC control groups described in this BETER]LERERETAVLLIZL ExhitHTHS

AERLTWAEDR, SERBENBEIILS & Swell b &
AR, cOMOAREEOET2MMTE L5 SBRES

1950 —S3FE O FHE O 8 1T T L& ($51, 82). Ttk

section should not be considered "normal’, it is informartive Lo Th AN, 90FENEFEO0FA 2 THREsATY

to note that the percenrage given for normal Japanese in
1960 (6.8%) is twice as high as the upper limit permitted - =
for comparable normal groups in the U.S, (3.0%). LR(3.0% ) n2fEchstvrzedEFdaha.
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MISCELLANEOUS STUDIES

Studies on hematologic problems, not covered in the
previous sections, will be mentioned here. Reference was
made to them in semiannual Reports but only | study was
completed and published.

A study of 11 cases of Banti's syndrome of anemia and
splenomegaly was begun in Hiroshima by Tsukifuji, Lange,
and Moloney in 1953, The purpose was to present clinical
and hematologic data on this disorder with observations on
3 cases following splenectomy. Antibody responses were
to be observed by Lewis, Tsukifuji and Harada in patients
before and after splenectomy. However, because of an
insufficient number of cases this study was terminated in
1954,

An analysis of cases of splenomegaly encountered in
exposed and control persons in Hiroshima and the role of
irradiation as an etiologic factor was undertaken by
Ownby and Tsukifuji in 1954,

The increased incidence of myeloid leukemia, a disorder
in which splenomegaly is characteristic, led Lewis in 1954
to speculate that the spleen might harbor roxic factors.
Evidence for such factors was sought in experiments on
Wistarand Sprague-Dawley rats.

In an effort to determine if the LE cell phenomena were
demonstrable in persons without systemic lupus erythema-
todes, Shimomura and Moloney conducred LE cell tests on
marrow preparations from patients with severe eosinophilia
associated with parasitism.

A case of systemic lupus, extensively studied with
observations on a temporary remission f[ollowing adreno-
corticotropin therapy and necropsy findings, was reported
by Miyanishi, Suzuki, and Tinsley in 1956.

Takeshima and Henderson studied 3 cases of myelomatosis
in Hiroshima in 1954. There was no evidence of a
relationship to atemic radiation. However, the investi-
gators felr rhat the disease was probably nor as rare as
suggested by a review of the Japanese literature which
disclosedonly about 50 reported cases,

A report in the U.S. in 1954 of a rise in serum vitamin B12
levels in chronic granulocytic leukemia led Heyssel,
Murphy, and Wald to seek evidence for this serum alteration
and to study the distribution and tutnover of cobalt-60
labeled vitamin B12 in early cases of leukemia in
Hiroshima. However, there were technical difficulties in
the Euglena gracilis bioassay method.
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SUMMARY AND CONCLUDING REMARKS

This review of hematologic studies at the Atomic Bomb
Casualty Commission (ABCC) from 1947-59 may be
cenveniently summarized by following the general order of
presentation used in the body of this report. Remarks on
the radiations from the bombs, the surviving irradiaced
population, and the pre-ABCC investigations of the ]oint
Commission (JC) will be followed by brief statements on
each of the main hemarologic areas studied at ABCC,

Pre-ABCC  The ionizing radiarion ro which the survivors
of the August 1945 bombs in Hiroshima and Nagasaki were
exposed consisted of gamma rays and neutrons. Beyond
2000 m from the hypocenter, the amounts of ionizing
energy from the detonations were probably too meager 1o
be of significance, except possibly in a few small
areas.  The number of individuals exposed within 2000 m
in Hiroshima and Nagasaki who were alive in November
1945, 3 months after the bomhs, was estimaced as 04,620,
representing 48.2% of those initially exposed within that
radius. By 1950, 2 census revealed that only 34,910 of
those whe had been within 2000 m remained as residents
of the cities; 26,651 in Hiroshima and §259 in Mapgasaki
(ABCC TR 4-59). Closely exposed survivors who formed
the critical test group in most of ABCC’s samples were
drawn in most instances from censuses conducred around
1950, Recently it has become possible to assign o
individuals exposed within 2000 m rtentative estimates of
radiation dose. These range from O rad to the lethal
range, and their use should sharpen analyses of dose-
effect relationships.

The JC's investigations, based on approximately 1300
hematologic examinations during the first 4 months
following the explosions, revealed thar in most instances
the initial radiation insult ro hemopoietic tissues was
followed hy recoverv within 16 weeks for those who
escaped death in this period. However, some cases of

disturhed patterns of blood cell regeneration  were
ohserved. The frequency, subsequent course, and
significance of these cases were not determined.  After

the termination of the JC's activities in December 1945,
there was a 15-month hiarus before ABCC's observations
began in 1947. It is possible that some late hematalogic
derangements besides leukemia passed undetected during
that period when systemaric broad swudies were not
conducted. Because of these considerations and the long
time which has elapsed since the hombs, ir may be
difficule to determine relationships of initial postexposure
hematclogic responses, such as leukoeyte counes and
abnormal tissue regenerarive patterns, to subsequent
morbidity and morctality., The importance of the problem,
however, justifies further evaluation of the feasibility of
such an investigation.

Hematologic  Surveys Hematologic examinations in
surveys on large samples in Hiroshima from 1947-56, most
of which were not published, occasionally revealed
significant differences between exposed and controls,
For example, the exposed had slightly lower erythrocyte
counts; somewhat higher mean red blood cell volume and
mean cell hemoglobin concentration values; and in some
instances reduced, and in others, elevated, rotal leukocyte
numbers; less lymphocytes but increased neutrophil and
eosinophil percentages, However, these differences,
while probably not due to chance, were small and too
icregular with respect to age, sex, and time of examination
to be attributed conclusively to radiation exposure. In
Nagasaki, a survey conducted from 1953-56 dealt for the
most parct only with persons exposed within 2000 m and
compared hematclogic values of rhose with a history of
acute radiation symptoms to cthose without one. Most of
the data have not been published, A few analyses
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revealed significant differences in hemoglobin concentra-
tion wvalues, total levkocyte counts, and neutrophil,
monecyte, eosinophil, and basophil percentages. However,
because these divergences were not consistent within
subgroupings or at various examination rimes, no definire
relationship of these late hematologic values to earlier
acute radiation illness appeared to he demonstraced,

Inasmuch as some hematologic values bear associations
with age, it may be profitable to use some of the collected
ABCC material to test the hypothesis that icradiation
accelerates aging.

Anemia Studies lUnpublished studies on anemia, which
began in Hiroshima and Nagasaki in 1951, revealed a high
prevalence of this disorder, At times, more cases were
observed in the exposed or they had a higher percentage
of erythrocyte values below a specific level. However,
when the differences were subjected to critical analysis,
they were not consistent or were not estimated with
sufficient accuracy to indicate a radiation effect.

Investigations of the etiology of the anemias beginning in
1954 disclosed noteworthy, but as yet unpublished,
results.  No evidence of abnormal hemoglobin molecules
was detected in electrophoretic determinations on a large
Hiroshima sample. A study in Nagasaki, revealing low
serum iron values and favorable hemoglobin concentration
responses to iron adminiscration, indicated that most cases
of anemia were a consequence of iron deficiency. Dierary
estimates from an inguiry in Hiroshima suwggested the
importance of nutrition. Careful studies on the relative
roles of diet, absorption, periods of rapid body growth,
menstrual blood loss, childbearing, hookworm intestinal
infection, and concurrent diseases in Japanese subjects
have not been initiated.

A report of 6 cases of refractory anemia in Nagasaki
atomic bomb survivors gave evidence of delayed aplastic
anemia resulting from atomic radiation. However, subse-
quent revisions of the diagnoses in some of the reported
cases and failure of the Hiroshima experience to lend
support to the initial interpretations in Nagasaki have
called for a reevaluation of this problem. Other classes of
anemias, such as the megaloblastic and hemolytic forms,
appear to be relatively unusual in Japan but the relation-
ship of their occurrence to exposure has not been
documented,

ABCC accounts show ne evidence that the workers were
familiar with reports by authors elsewhere in Japan of a
specific radiation anemia occurring with high frequency in
atomic bomb survivors.

Leukoeyte Studies Special attention to leukocytes began
in 1953 when the frequency of leukopenia and leukocyrosis
in Hiroshima and Nagasaki was studied. Unpublished
figures indicate that no regular exposure differences
were demonstrated.

In 1956, a decline in mean leukocyte counts was noted ro
have occurred from 1947 to 1956 in large samples studied
in Hiroshima. The change with time was characreristic of
the controls as well as the exposed and, therefore, could
not be ascribed to the atomic bombs. More recent studies
have shown that a similar downward trend occurred in
Nagasaki during the same period and that neutrophils and
lymphocytes were the major cell types involved, Age,
sex, and commenly diagnosed diseases were found to be
unimportant influences. The factors responsible for the
leukocyte decline remain to be elucidared.
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The problem of leukocytosis recorded by other observers
in Japan in residenrs of the Nishiyama districr, where
local fallout from the atomic bomb occurred, has not been
clarified by A BCC,

Basophilocytosis was found to hLerald the appearance of
chronic granulecytic leukemia in atomic bomb survivors,
bur in Hiroshima samples of persons withour lenkemia,
basophil count values failed ro distinguish exposure
groups, Investigations disclosing reduced leukocyre
alkaline phosphatase activity in early cases of chronic
granulocytic  leukemia suggested that quantitacive bio-
chemical alterations may precede morphologic changes in
the blood leukocyrte patrern, Further biochemical,
morphologic, and cytogenetic studies on leukocytes may
contribute to an understanding of the mechanisms by which
radiation induces leukemia and may give indications of
latent disturbances in cellular metabolism in previously
irradiated nonleukemic subjects.

Pussible Hemostasis Defects An unpublished study of
bloed platelet counts, and of bleeding, whole blood
coagulation, plasma and serum prothrombin time determina-
tiens in Hiroshima in 1955 failed to reveal significant
links wirh exposure or with a history of hemorthage as a
manifestation of the acute radiation syndrome. Because of
the small size of the sample and a few reporrs by workers
elsewhere suggestive of an occult bleeding tendency in
atomic bomb survivors, further investigarion is advisable
before confident negative conclusions are warranted.

Leukemia Studies ABCC’s leukemia survey in Hiroshima
and Nagasaki in 1951 resulted in the first clear epidemio-
logic demonstration that a large dose of single-exposure
irradiation increases the risk of leukemia in man. The
acute  leukemias and chronic granulocytic leukemia
predominated in both the exposed and controls. Observa-
tions so far have failed to provide clues by which
radiation-induced cases may be distinguished. The
continued greater than expected occurrence ol levkemia in
the irradiated popularion 13 years after exposure provides
unparalleled opportunities for investigation of the
mechanisms by which ionizing radiation incites human
leukemia. More detailed observations of the clinical
course, response to therapy, and survival time as affecred
by exposure status may be feasible in the [uture, The
associations of orher related disorders to exposure, such
as the lymphomata, leukemoid reactions, aplastic anemia,
and the myeleid meraplastic staes need to be explored.
In regard ro polyevthemia vera, the evidence at ABCC so
far does not support a recent report by other investigators
of an increase in the incidence of this disease in
irradiated survivors, but a specifically designed inquiry
seems advisable. A properly controlled examination of
marrow  patterns, suggested by swudies conducted else-
where, would seem 2 fertile area for research.

Hematologic Standards Studies on standards for hematol-
ogic observations have developed two important poines:
lower hemoglobin cencentration levels in Japan than in
Western countries may be relaed te the wide prevalence
of iron deficiency: and the factors accounting for the
decline in leukoeyte counts in contrels in Hiroshima and
Nagasaki since 1947 and the significance of the current
lower range of leukocvte values in Japan when compared
to those in other societies have not been defined.

FINAL COMMENT

This review of the many and often large-scale hematologic
studies conducted by ABCC in its search for long-
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range radiation effects has revealed that during the
periods of observation no clearly established exposure
differences have been uncovered except in the case
of the leukemias. On the other hand, adequate negative
conclusions cannot be drawn with confidence in several
instances because the collected material is not suf-
ficient. Much important information on the period 4-19
months  following the atomic explosions is lacking.
Considerable unpublished ABCC data need to be com-
petently examined and made more readily available for
wider critical appraisal by the scientific world. Definitive
studies are required in other instances to confirm
evidence which is fragmentary or only suggestive,

In the setting of this search by ABCC for late hematologic
effects of radiation, it would perhaps be helpful to sketch
an hypothesis, not original with us, that may be tested and
used as a guide for further investigation. Evidence from
hasic research is generally consistent with the concept
that the most significant initial biological action of ioniz-

ing radiation is on the genetic apparatus of the cell.
There appears to follow a chain of complex events
accounting for alterations through successive cell

generations, which predispose rthe cell to further altera-
tions of varying reversibility depending wupon host
regulatory and environmental factors. It is largely
unknown what specific disturbances occur before the final
itreversible end-stage signals, in a small fraction of those

initially  irradiated, the explosive appearance of a
disease, such as leukemia, The possibility that such
unknown latent disiucbances are sufficiently frequent in

the irradiated population to be detectable in a systematic
study offers a challenge that could lead to important
discoveries,

While conventional hemartologic techniques have a place
in these important research activities, they are useful only
when applied within an epidemiological framework. Maore
promising positive results are likely to emerge only from
uncovering subtle derangements at more basic levels of
biological organization as with newly developed chemical,
biophysical, ecytogenetic, virologic, and Immunologic
techniques. But even in such instances, meaningful
inferences will probably be possible only when these new
laboratory methods are skillfully integrated in statistically
controlled experimental designs.
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