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INTRODUCTION

The method of collection and the subse-
quent analysis of the hematological data
accumulated by the Joint Commission for the
Investigation of the Early Effects of
the Atomic Bomb Japan, have been
described. 1”3 These publications present
an excellent analysis of the data. TIn the
present investigations, an additional
analysis of the hematological data was made
to investigate a possible relationship be-
tween leukopenia and the mortality rate
within the first nine weeks following the
bombings.

in

It has been frequently observed in labo-
ratory animals exposed to ionizing radi-
ation4”9 that the extent of the fall in
the white blood count reflects the dose of
radiation received. Smith et al® have
demonstrated that in mice survival can be
related to the depression of the granulo-
cyte count at various times following radi-
ation. Cronkite and Brecher! and Cronkite,
Bond and Dunham!® inferred that the hema-
tological response could be used as a bio-
logic dosimeter for exposed human beings.
This report is concerned with the study of
the response of the white blood cells to
ionizing radiation resulting from the
atomic bomb detonation in Japan.
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METHODS

The data presented here were collected by
the Joint Commission for the Investigation
of the"Early"Effects of the Atomic Bomb
in Japan. ‘The TBM cards and medical charts
which are reposited at the Armed Forces In-
stitute of Pathology, Washington, D. C. and
the IPM cards at the Atomic Bomb Casualty
Commission, Hiroshima, Japan, were used for
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the present study. This investigation in-
cludes data from Hiroshima and Nagasaki,
and is limited to the first nine weeks fol-
lowing the bombings. The nine week period
was chosen because the incidence of "acute"
deaths from radiation decreased after that
time. The leukocyte counts used in this
study were made initially by the Japanese.
An American medical team arrived in the
seventh week and worked thereafter with the
Japanese.1'3 In Hiroshima 3116 leuko-
cyte counts and in Nagasaki 2303 counts for
a total of 5419 counts were performed.
These counts were made on individuals who
had been within 3000 meters of the hypo-
cent.er. Included in this are 287 counts
made on 201 patients in Hiroshima and 73
counts on 59 patients in Nagasaki, all of
whom died during the first nine weeks. Tt
is possible that death was not recorded 1in
some medical charts. 1In this case the data
would be included with that of the sur-
vivors. The victims in Nagasaki had more
medical attention than those in Hiroshima
insofar as simple first aid is concerned.
However, even in Nagasaki effective medi-
cal therapy was grossly inadequate. It 1is
felt that the treatment received in both
cities had no effect on blood cell level or
on alleviation of radiation symptoms.

Some casualties had single leukocyte
counts and others serial counts.
than one count was performed during a

When more

single week, the average was used. Al-
though all casualties were not studied, it
is felt that an indication of the relation-
ship of the leukocyte counts to mortality
in the first nine weeks following exposure
to ionizing radiation can be gained.

A control population was constructed from
the leukocyte counts performed on people
who were in Hiroshima on August 6, 1945 but
who were further than 2550 meters from the
hypocenter and who showed no signs of
either radiation or other injury.
trol leukocyte values are: mean: 7,050/mm3;
median: 6,300/mm3; and range: 2,100-17,800
/mm3.

The con-
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RESULTS

Table 1 lists the total number of leuko-
cyte counts performed in Hiroshima and
Nagasaki for the first nine weeks for
The total
number of leukocyte counts 1s greater than
the number of people since in some cases
more than one count was performed on an in-
dividual during the nine week period. The
survivors may include a few individuals
whose death was not recorded in the medical
record. Most of the counts on survivors
were done during the fifth and sixth post-
irradiation weeks. The majority of counts
on people who did not survive the nine week
period were done in the third, fourth and
fifth post-irradiation weeks.

survivors and non-survivors.

Table 2 shows the mean, median and confi-
dence limits of the median leukocyte levels
of those people who survived for at least
The
greatest mean and median depression of
leukocytes occurred in the fourth week in
both cities.

nine weeks in Hiroshima and Nagasaki.

Tables 3 to 7 show the number of leuko-
cyte counts per week which fall into vari-
ous leukocyte intervals, for weeks 1 to §
compiled according to the presentable data.
These tabular data and Figures 1 to 3 show
the percent mortality within nine weeks
of those people represented by these
counts. For example, in the third week in
Hiroshima, 24 people had counts falling
into the 1,000-1,999 WBC class interval; of
people with these counts, 62,5% died in the
nine week period. Median leukocyte counts
(both cities combined) are also given for
each class interval. DBoth Hiroshima and
Nagasaki data are given separately and also
combined according to the available data.
The quantitative difference between
Hiroshima and Nagasaki (Figures 1 and 2)
are evident. Table 8§ shows a compilation
of data from Hiroshima and Nagasaki of the
median leukocyte count and median survival
time of those who died within the nine week
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test period. Data for each week are given
as well as the number of leukocyte counts
performed on those who died within the
nine weeks.

The above data suggest that the white
blood count prognosticates the probability
of survival after irradiation. The greater
the leukopenia during the first five and
six weeks after exposure, the higher the
probability of death, as would be expected.
The relationship of nine-week mortality to
the leukocyte level was not constant from
week to week. Figure 1 suggests that the
best correlation was possible in the third
weck. However, the characteristics of the
curves for the third, fourth and fifth
weeks may be distorted by inaccuracies in
the data recorded and by imbalance of the
number of cases in each category.

To consolidate these data, the nine-week
mortality was correlated with the lowest
white blood count obtained for each patient
in the first five weeks after the bombs.
The results are shown in Table 9 and
Figure 4. It can be seen that, except for
the 2001-2500 white cell interval in the
Hiroshima data, the higher the leukocytes,
the better the prognosis. It is emphasized
that the patients were not examined
regularly; many had only one leukocyte
determination.

Tables 10 to 13 and Figures 5 to 9 show
the trend of leukocytic response as a
function of the leukocytic depression for a
particular week from the third to the
sixth. Data for both cities have been
compiled jointly. Only those cases in
which serial counts were available were
used. 1In some cases, insufficient data

precluded tabular and graphic presentation.

There are not enough data on non-
survivors to tabulate time trends. In
general, the curves of these non-survivors,
when plotted, show no upward trend. This
is especially true for those counts falling
in the lowest class interval. In the case

of survivors, the curves show probable
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leukopoietic recovery after four to five
weeks. The steep recovery slopes of the
curves 1in these cases may reflect the ef-
fect of infection or other injuries. Among
the data for the lower
leukocyte intervals show no tendency
towards recovery after the fifth week.
For the higher class intervals of non-sur-
vivors, there 1s an increase in leukocytes
before death. 'The cause of the pre-mortal
increase is not clear.

the non-survivors,

Tables 14 and 15 show the relationship
between the number of cases with counts
lower than the low 5 percent of the leuko-.
cyte counts of the control population and
various distance intervals from the hypo-
center and at various times after exposure.
The dividing line for the low 5 percent
fell at 3100 WBC/mm3. Both Hiroshima and
Nagasaki data were combined. These tabular
presentations include survivors and non-
survivors compiled jointly and separately,
for weeks two to nine according to the
available data. The data, if plotted,
would show a type of curve which may be ac-
counted for in a number of ways. Most of
the deaths in the two cities occurred near-
er the hypocenter (most likely because of
mechanical and not irradiation-type in-
Juries), hence fewer laboratory studies were
conducted on people closer than 800 to 1000
meters. These data, therefore, undoubtedly
represent the distribution of counts deter-
mined as well as the distribution of people
available for laboratory studies after the
bombing. Further, the bias in these data
includes unknown shielding effects, which
cannot as yet be determined. McDonaldll
has shown that in distance-shielding
studies, similar phenomena are found.
Thus, due to the shielding effects in
plotted graphs, the points between 0 and
800 meters may represent less exposure than
expected due to shielding. These factors
lend much bias to the presentation; hence
more information on shielding and on dosi-
metry is necessary before a more fruitful
analysis can be made of these data,
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DISCUSSION

Under the condition of the above study of
the Hiroshima and Nagasaki casualties, it
has been shown that of those whose leuko-
cyte levels are known to have fallen to
500/mm3 or below, 72 percent died within
nine weeks of the explosion. With lesser
degrees of neutropenia, the mortality rate
1s correspondingly less. The relationship
between the degree of neutropenia and
mortality varied with the time of the blood
count. In the Hiroshima data, a corre-
lation was obtained over a wider range of
blood counts i1f the blood values for the
third week were used, rather than fourth or
fifth week data. This did not hold in the
Nagasaki data. Further, the quantitative
relationship between blood count and morta-
lity rate was markedly different in the
Hiroshima and Nagasaki data, and for a
given degree of neutropenia, fewer indi-
viduals died in Nagasaki than in Hiroshima.
This difference appears to be real, and
most marked in the severely neutropenic.
The reason is not known. However, it 1is
known that the fast neutron contribution to
the total dose in Hiroshima was consider-
ably greater than that for Nagasaki, and
the relative neutron contribution increases
with decreasing distance from the hypo-
center. It is possible that with neutrons,
additional damage might be incurred that
may not be reflected in the bone marrow and
thus in the blood counts. Tt is well known
that mice die between the third and sixth
day with severe gastrointestinal symptoms
presumably due to a relatively greater
injury of the mucnsa than the marrow. 12714
However, larger animals such as the dog do
not behave similarly.15

Circumstances did not allow more than
token therapy to the exposed Japanese.
After the first week the commonest causes
of death were infection and hemorrhage. On
clinical grounds, one would think that the
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combined use of antibiotics, fresh whole
blood infusions and platelet transfusions,
when needed, would increase the survival
rate. It was shown by Miller et all6
that antibiotics would increase the survi-
val rate in mice. The Rochester groupl?
obtained no marked benefit from antibiotic
and transfusion therapy initially. 1In
later studies!® successive use of anti-
biotics reduced a 50% mortality to 10%
but after an LD80 dose, no benefit was
obtained. Since then, however, Sorensen
et all? and Perman et al20 have consistent-
ly reduced mortality from a near 100% fatal
dose to about 10% mortality in dogs by the
combined use of high dosage of successive
antibiotics and fresh whole blood trans-
fusions supplemented by platelet-rich
plasma when red cells were not needed.

It has often been stated that the lympho-
cyte count is the most sensitive hemato-
logic index of exposure to radiation.
While this may be true, the depression of
lymphocytes becomes nearly maximal after
sublethal doses of radiation, and therefore
of almost no prognostic value in the lethal
range proper. However, the granulocyte
count correlates more closely with survival
in miceS and dogs.? Since it has been
established in man that the total white
count after the first 48 hours reflects
changes in the granulocyte levels,10 the
total white count is a simple and effective
means of estimating the biologic injury.
The work reported here, with all the
deficiencies in data, indicates that WBC
has considerable prognostic value.

In the event of radiation casual-
ties, 1t would appear that a study of
the leukocyte counts would be of considera-
ble aid in selecting those individuals in
whom the available supplies of antibiotics
and fresh blood would be of the most
benefit. It appears that the chance of
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spontaneous survival 1s very remote in
individuals in whom the leukocyte count is
below 1000 in the third and fourth weeks.
It is probably unwise to select leukocyte
levels at which one would deny therapy on
the basis of these data. However, with
cell counting devices, mass leukocyte
counts could be performed and would be very
useful.
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SUMMARY AND CONCLUSIONS
BELEUV KSR

1. The Joint Commission and the Japanese
data of 1945 have been re-evaluated to see
if the leukocyte count at various time in-
tervals reliably prognosticates death
survival.

9. There is a good correlation between
death and depression of the leukocyte count
taken during the third to fifth week after
exposure.

3. The correlation is perhaps best for
counts taken during the third week.

4. Leukocyte counts less than 3000 are
not as hazardous in the fourth and fifth
week as in the third week.

5. It is believed that the leukocyte
count is the best single indicator of
severe radiation injury, and that electro-
nic methods of counting leukocytes should
be made available to assist in casualty
sorting and direction of therapy.
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TABLE 1

NUMBER OF LEUKOCYTE DETERMINATIONS OF PEOPLE IN HIROSHIMA AND NAGASAK I
IRRESPECTIVE OF WHETHER RADIATION OR
COMB INED INJURIES OCCURRED

LR IR UV R BRI # B U B B 51T % L IUBRACLE 4

NUMBER OF DETERMINATIONS ON SURVIVORS AND NON-SURVIVORS
EHEERUECE O 0k EEE
SURVIVED FOR WEEK DIED WITHIN WEEKS
“E“ SEmE R 9 MM E & W:L
HIROSHIMA NAGASAKI HIROSHIMA NAGASAKI] B
) £ M L B £
! 50 12 26 1 ga
2 44 1:3 30 1 88
3 77 115 52 15 250
4 181 290 89 26 586
5 553 516 59 1 | 1139
6 1085 386 12 1 1494
7 418 224 11 2 655
8 231 270 7 3 511
9 190 404 1 3 598
TOIAL 2829 2230 287 73 5419
TABLE 2

MEAN MEDIAN AND CONFIDENCE LIMITS OF THE MEDIAN OF LEUKOCYTE LEVEL OF EXPOSED
PEOPLE SURVIVING FOR O WEEKS (HIROSHIMA AND NAGASAKI!)

B2#E DHMNOMREGEE T2 AMIRECPIM, R R orh i SRR R

(5B R U Eg)
e 10-2 | CONFIDENCE LiMITS oF CONFIDENGE LIMITS OF
MEAN WBC X 10 MEDLAN WBE 2 MED|AN (95% or BETTER) | MEDIAN (95% OR BETTER)
FUSRECTHIEX10-" | AEREGPREX10 7 | o SRR (95% M L) | shaaff o SH0R F95% L1 E)
WEEK H!R‘OSHﬁI‘;Mn NQISASW%KlI
z LS. s M
- HITfSH,'MA Ngn?‘;m Ht;:.:osg;m NA;ASH%KI LOWER LIMIT|UPPER LIMIT|LOWER LIMIT|UPPER LIMIT
S o “ T IR R T IR E R
1 45.0 41.0 43.0 44.0 28.0 55.0 19.0 52.0
2 63.0 48,0 61.0 43.0 48 .0 80.0 32.0 56.0
3 60.0 40.0 56.0 33.0 20.0 103.0 17.0 54,0
4 40.0 370 34.0 32.0 17.0 55.0 17.0 52.0
5 44.0 47.0 42.0 43.0 33.0 51.0 32.0 52.0
6 54,0 49.0 53.0 45.0 33.0 74.0 32.0 55.0
F: 53.0 54.0 50.0 52:0 42.0 57.0 40.0 62.0
8 56.0 67.0 54,0 63.0 44.0 66.0 46,0 75.0
] 67.0 74.0 66.0 69.0 50.0 81.0 58.0 81.0




TABLE 3

PERCENT MORTAL ITY (WITHIN O WEEKS) OF PEOPLE WHOSE LEUKOCYTE COUNTS
INTO VARIOUS INTERVALS DURING WEEKS | AND 2
[HIROSHIMA AND NAGASAKI*)

FALL

BEIR

(EBRU L")

R L ERUE 2812517 2 ZHMERBEMFZEEO O BENECE 53

ELOOD COUNTS DURIMNG WEEK 1
£ EIC &0 2 MEREGTE (R

WBC INTERVAL | TOTAL NUMBER|NUMBER DEAD|% MORTALITY|MEDIAN WBC X 1072

3 M ER L #f JE C H FELCE 57 F M ERE AL} 10 -2
0 - 1299 34 18 52.9 4
1300 - 2699 9 el 20
2700 - 34899 b 1 20.0 34
3500 - 5699 19 2 10.5 44
5700 AND OVER 22 1 4.5 74

Lk

BLOOD COUNTS DURING WEEK 2
2Bz &0 T S IER B E (R #

WEC INTERVAL | TOTAL MUMBER| NUMBER DEAD|% MORTALITY|MEDIAN WBC X 10'2
i ERE LR o FE L OH FECE A HE | FmERErhaE <10~
0 - 1299 29 21 72.4 4
1300 - 2699 10 g 0.0 23
2700 - 3499 4 1 . 25.0 33
3500 - 5699 18 2 1.1 5O
5700 AND OVER 27 1 .7 96
Ll E

*ABOUT 15% OF THESE WERE FROM MNAGASAKI
FEBICRUEALOREEROHISY

TABLE 4

PERCENT MORTALITY (WITHIN O WEEKS) OF PEOPLE WHOSE LEUKOCYTE COUNTS

FALL

INTO VARIOUS INTERVALS DURING WEEK 3
HAFE WIREE3EIIH T2 FAMMBXMZLEED QUERPILCE 5 E

HIROSHIMA NAGASAK | COMBINED
s B g om & A
TOTAL NUMBER TOTAL NUMBER %

WBC INTERVAL OF PEOPLE o, OF PEOPLE % MORTAL I TY MED | AN
ERIE: # A A MORTAL I TY & N B MORTALITY| #E = & 7 # WBC

B X1 ALIVE| DEAD| TOTAL O ALIVE| DEAD| TOTAL o TOTAL| DEAD| % Eqﬂfé[‘ﬁi
w1 |58 | 3 AR | &£ # || & HAE | B |[EeH X10 -

0 - 989 (o] 21 21 100 % 15 8 23 34.8 44 29 |65.9 7:5
1000 - 1999 Q 15 24 62.5 21 & 24 12.5 48 18 |37.5]| 14.0
2000 - 2999 4 5 9 55.5 17 o] 17 0 26 5 (19.2]| 24.0
3000 - 3999 12 4 16 25.0 11 1 12 8.3 28 5 |17.9] 34.5
4000 - 4999 8 4 12 33,38 19 3 22 13.6 34 7 |20.6] 43.5
5000 & %{E? 37 3 40 8.0 32 o] i o 72 3 0.4| 67.0

10
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TABLE B

PERCENT MORTAL ITY (WITHIN 9 WEEKS) OF PEOPLE WHOSE LEUKOCYTE COUNTS

FALL

INTO VARIOUS [INTERVALS DURING WEEK 4

BHF WIREE 4AEII B AR OMEREXMESEEO 9 MEPETH D%

HIROSHIMA NAGASAK! COMB |NED _
5 B B o =
TOTAL NUMBER TOTAL NUMBER o
OF PEOPLE OF PEOPLE MORTALITY MEDIAN WBC
WBC INTERVAL g MORT?“TY B A B MDRT?L”Y R = - X10" 2
= iy
RmEREXE [ ve[oean[ ToraL JE (-Espge | ALIVE| DEAD| TOTAL| 45 opmsvye | TOTAL| DEAD| % ?JE‘?EC
4 7 |JEC| & g HF|EC| F # OO X 10 -*
0 - 999 17 53 70 757 54 20 74 27.0 144 73 |50.7 5.0
1000 - 1999 | 37 23 | 60 38.3 42 6 | 48 12.5 108 | 29 |26.9]| 12.5
2000 - 2999 25 11 36 30.6 40 0 40 0 76 11 |14.5 24.0
3000 - 3999 21 1 22 0.5 26 0 26 0 48 1 0.2 32.5
40003‘?;EJI3 75 1 76 0.1 128 0 (128 0 203 1 05 58.0
TABLE 6
PERCENT MORTALITY (WITHIN O WEEKS) OF PEOPLE WHOSE LEUKOCYTE COUNTS
FALL INTO VARIOUS INTERVALS DURING WEEK 5
HOFE OMRIEE O 51T A B HMERBX Y E 0 9T %
HIROSH|MA 5 NAGASAK I _COMBINED
= Fe W L N 1
TOTAL NUMBER TOTAL NUMBER % 7
WBC INTERVAL OF PEOPLE % OF PEOPLE % morTaL|TY  |MEDIAN WBC
s N B MORTAL I TY # AN A MORTALITY| JFE L & o % x10°
1 B I T ISHiiE=143
ALIVE| DEAD| TOTAL| spp-jg4yg: [ALIVE|DEAD| TOTAL| 3¢ (-G |TOTAL| DEAD| % e i
£ | FEC | F# HfE |5 | B B |FEC *10 -2
0 - 999 17 | 40 57 70.2 34 4 38 10.5 95 | 44 |46.3 6.0
1000 - 1999 68 8 76 11.8 64 69 1:2 145 | 13 | 9.0 14.0
2000 - 2999 79 6 85 Tl 79 2 a1 2.5 166 8 | 4.8 24.0
3000 - 3999 g1 0 91 0 61 0 61 0 152 0 34.0
4000 & EfEE 291 3| 294 1.0 278 o | 278 o 572 1 ]0.2 56.0
TABLE 7
PERCENT MORTALITY (WITHIN 9 WEEKS) OF PEOPLE WHOSE LEUKOCYTE COUNTS
FALL INTO VARIOUS INTERVALS DURING WEEK 6
HT7E WIRMEEGEII ST AR AMBREXMFELE O O HEAECES®
HIRDSH I MA NAGASAK | COMBINED_
LB £ mod & &
TOTAL MUMBER TOTAL NUMBER % MED | AN
WBC INTERVAL OF PEOPLE % OF F)EOF'LF_ % %OE_T»\?_UTY%& wBe
o 1% = MORTAL I TY # AN & MORTALITY CH S gl
MR EXE  STTVET beAD] TOTAL 78 (@44 [ALTVE[DEAD[TOTAL] 4 wcmsn s, [TOTAL[DEAD] % l#ﬂnﬁ%ﬁ
£ 5| Rt 17 | | # : % 8 pECH- X210 -°
0 - 999 4 i 5 20.0 74 4 1" 36.4 16 5. rated 3.0
1000 - 1999 56 3 59 5.1 43 3 46 6. 105 6 5.71 15.5
2000 - 2999 97 3| 100 3.0 67 3 70 4. 170 6 | 0.4| 24.0
3000 - 3999 | 133 0| 133 0 43 0 43 0 176 0| ¢ 34.0
4000 & OVER 779 5| 784 0.6 226 1 227 0.4 1011 6 0.6| 60.0
[
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LEUKOCYTE LEVEL OF EXPOSED
WITHIN O WEEKS (HIROSHIMA AND NAGASAK|)

H8#  9MEMIAIZIEE L 7w o FEREL

TABLE 8

INDIVIDUALS WHO

DIED

(5 B R U B I5E)

WEEH®| MEDI AN WBC|MEDIAN SURVIVAL TIME (WEEKS)}|NUMBER OF COUNTS
W ERE R R AR o d R (GH) [ i Bk #%5E E 1
1 600 2.0 27

2 600 2.0 31

3 1000 4.0 67

4 200 4.0 115

5 700 5.0 70

6 2200 6.0 23

7 4800 8.0 13

8 5200 8.0 10

9 7500 9.0 4

TABLE 9

O WEEK MORTALITY AS RELATED TO THE LOWEST WBC IN THE FIRST
5 WEEKS AFTER EXPOSURE TO THE ATOMIC BOMB

03 OHBINEIE L MR E RO 5 MEMHIC 1T A REHMERE & OBEF

HIROSHIMA NAGASAK! BOTH CITIES COMBINED
e B B WoHoa &
LOWEST WBC DIED WITHIN 9 DIED WITHIN O DIED WITHIN ©
7 MUMBER MUMBER NUMBER
%IEﬂAl 35 N RANEE WKS. OF EXPOSURE IN RANGE WKS. OF EXPOSURE N RANGE WKS. OF EXPOSURE
e ) Ml 9 RO E y RS O BN O W O BN O E
-ﬁﬁf@h #IXRS AL AN
- S B | NUMBER % WlEs | WUMBER % NEH | NUMBER %
R £ R 8 b % B
0- 500 106 80 T5.5 36 22 61.1 142 102 72
501- 1000 a7 43 49 .4 60 12 20.0 147 5% 37
100 1- 1500 73 24 32.9 45 5 12441 118 29 24
150 1- 2000 51 10 19.6 38 3 7.9 89 13 15
200 1- 2500 52 13 25.0 47 2 4.3 99 15 15
250 1- 3000 42 1 2.4 42 0 ) 84 1 1
3001 BEK%E 464 18 3.9 444 7 1.6 208 25 3
TOTAL 875 189 712 51 1587 240
&t
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TABLE

10

TREND OF LEUKOCYTIC RESPONSE AS A FUNCTION OF DEGREE OF DEPRESSION DURING WEEK 3
(SURVIVORS - HIROSHIMA AND NAGASAKI)

BI0F  F 3BT 5 EMEREGE D £ oo (1 MERF IS o (A
(RBREURIGFDERE)
WBC INTERVAL [ I B ¥ BE I8
0 . 1199 1200 - 1999 2000 - 2999 3000 - 5999 6000 & OL\'iER!“
MEDI AN MED | AN MED | AN MED | AN MED | AN
NO. OF NO. OF NO. OF NO. OF NO. OF
WEEK COUNT COUNT COUNT COUNT COUNT
: CounTs| L 2[COUNTS|, o - 2| COUNTS wec x 10- 2| COUNTS| o x 10" 2| COUNTS| o 0
B w9 ik PR g (QULERECRAALN fR oS SMERHCROE| ¢ f (OMERECRRIE| fF M |G mEkEeh e
}10=2 X10 -2 XK0=2 X10-* ®10 -2
1 - - - - - - 6 64.5 10 64.0
2 - - - - - 5 59.0 a 83.0
3 2] 2.0 13 16.0 10 Phh 32 48.0 39 80.0
4 5 10.0 5 58.0 - - 13 48.0 25 57.0
5 4 21D 11 3.0 6 20.5 16 43.0 16 59.5
] - - - - - - 1 45.0 a 64.0
7 4 66.5 6 43.0 7 36.0 1 44.0 7 | 49.0
8 5 73.0 5 76.0 ] 66.0 a 56.0 6 82.0
9 5 47.0 - - 5 85.0 [ 49 .5 5 | 55.0
TABLE 11
TREND OF LEUKOCYTIC RESPONSE AS A FUNCTION OF DEGREE OF DEPRESS|ON DURING WEEK 4
{SURVIVORS - HIROSHIMA AND NAGASAK 1)
H1lF F4EIZH T 2 BMEREGE D L H oo @ IimERE G0 fE
(EE R REOETEE)
WBC INTERVAL  [mER2LE I
0- 599 600-999 1000- 1599 1600- 2699 2700-3099 | 4000 AND q{s}ﬁ
Ll
MED! AN MED | AN MED ! AN MED | AN MED AN MED | AN
week|MO- OF| COUNT [NO. OF| COUNT [NO. OF| COUNT |NO. OF| COUNT|NO. OF| COUNT |NO. OF| counT
COUNTS| WBC X [COUNTS| WBC X |COUNTS| WBC X |COUNTS WBL X | COUNTS| WBC X |[COUNTS| WBC 2}(
iH o o5 mm- lrlmf:ﬁii = 19-“2“‘1 |"1]f|?'}2!s{<
] o owy | SMEREC|) . L |BMERE) . L |@mERE| mEkE ) . L. | OWERE . If %
fEB | Thhgy | M| T .;?;ﬁ OB Tl | M B | e | MR OER | gy | PR B | S
10 -* X10 —2 e A2 ®10 -2 x10 -?
i = i !
2 z = s 5 83.0
3 - 4 17.0 - 7 64.0 33 63.0
4 9 4.0 | 24 7.0 | 38 12.0 | 40 21.0 | 40 33.0 | 76 58.0
5, T 11.0 18 175 32 25.0 25 24.0 25 28.0 46 51D
6 6 21.0 | 17 33,0 | 23 0.0 | 25 42.0 | 20 36.0 | 27 55.0
7 6 4.5 | 15 4a4.0 | 27 54.0 | 24 44.0 | 20 40.0 | 15 64.0
8 o 53.0 13 51.0 17 67.0 19 69.0 19 52.0 24 72.0
=] 4 62.0 7 50.0 17 €5.0 12 58.0 12 58.5 15 60.0
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TABLE 12

TREND OF LEUKOCYTIC RESPONSE AS A FUNCTION OF DEGREE OF DEPRESSION DURING WEEK 5
(SURVIVORS - HIROSHIMA AND NAGASAK!)

Fl2# H5MITHT A HMEREGEAE L Ho ko B BRI o fdrm

(EERTREDEGFH)
WBC INTERVAL [ IMEkEEE
0 - 999 1000 - 1299 1300 - 1499 1500 - 1899
WEEK EgaNgg MED | AN C?;NT zgﬁngg MED | AN C?;NT zgﬁngg MED | AN C?:NT ggﬁNig MED 1 AN C?;NT
WBC X 10 WBC X 10 WBC X 10 WBC X 10
- % | amEkichRdE | 6 # | AnsRECRRE | K BmEREFLE | R 8 | SmERECRARE
X10-* T %10 -? X10-*
1 - " i - » . i
2 - - - 15 - -
3 = . z £ & - =
4 9 8.0 15 12.0 14 15.0
5 33 7.0 36 11.0 B 14.0 23 17.0
i 29 17.0 23 24.0 10 22.5 17 36.0
7 22 27.0 24 8.5 6 29.0 21 51.0
8 19 48.0 18 48.5 42.0 14 65.0
a 15 57.0 14 49.5 58.5 6 76.5
TABLE 13

TREND OF LEUKOQCYTIC RESPONSE AS A FUNCTION OF DEGREE OF DEPRESSIOM DURING WEEK 6
{SURVIVORS - NAGASAK!)

H13F  F6EIC B A AMEREGE A R L Ho o B IIERRE 0 1]
(Bl EFHE)
WBC INTERVAL  [ER¥ER
0 1999 2000 - 2999 3000 - 4099 4100 - 9999
WEEK NO. OF| MEDIAN COUNT|NO, OF|MEDIAN COUNT|NO. OF|MEDIAN COUNT|NO. OF|MEDIAN COUNT
COUNTS| oo 10.2 COUNTS | or « 10.2 COUNTS| o o 10.2 COUNTS| o o 1072
B o | OmERehdE | ek 8 | amEREeRRE | fp g | lERECRRE [ fRE | SmERErRAE
1070 A0 ¢ %10 =2 X102
1 2 z . E =
2 - 3 - - -
3 - -
4 4 13.5 [3 19.0 9 7.0 26 35.5
5 17 9.0 12 16.5 19 26.0 43 44.0
& 24 14.5 24 24.0 23 35.0 74 53.0
7 11 26.0 9 43.0 15 40,0 29 66.0
8 11 36.0 11 52.0 10 66.5 26 72.0
) 11 44.0 1" 72.0 7 64.0 22 65.5
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TABLE

14

PERCENT OF LEUKOCYTE COUNTS BELOW 3100 /mv3
(5% LOW OF CONTROL GROUP)

VERSUS VAR|0OUS DISTANCE
(SURVIVORS - HIROSHIMA AND NAGASAK )

Fl4F  FMEREB100/mm® LT (KPBEREDEAL S % %) okt o BRRERI H 4 1

INTERVALS

(&MU EREDEGH)
FPERCENT OF LEUKOCYTE COUNTS BELOW S]OQ/MMS
ELMEREGEL00/mn®  LLF o il B 57 28
DISTANCE (METERS) WEEK
B (k) 1 2 3 4 5 6 7 8 9
0- 100 - - - - - - . .
101 200 - 6.3 - - - .
201- 300 66.7|66.7 - 2.9 1.2 b ’ -
301- 400 - - - - - -
40 t- 500 - - .4 3.0 t.3 - - -
501- 600 - - 4.3 1.8 2.0| 3.3 - -
801- 700 - - 63 2ot @37l 2. - - -
701- 800 33.3[12.5| 1.4 7.9| 4.6 .3 .3
801- 900 - - - 8.6 8.5 7.2 N T oy
901- 1000 - - |18.8|24.3|22.6|17.0(20.0|20.8] 9.1
1001- 1100 - 18.8(21,4(14.6(16,.3|13.3|16.7[18.2
1101-1200 16.7 - 6.312.9(12.8(12.4|20.0|12.5|18.2
1201-1300 - - - 2.9| 6,1| 6.5/ 3.3| 8.3
1301- 1400 - - - 2.9 2.4| 2.6| 3.3]| 4.2|18.2
1401-1500 - - - 4.3 3.0| 4.6| 1.7
1501- 1600 - [ 12.5] 4.3| 2.4| 5.9 6.7| 4.2 9.1
1601- 1700 - - - - o2 248 ST - -
1701- 1800 - 18.8 - S0l s e e S
1801-1900 - - - .6 - 157, - -
1901- 2000 - - En A Vi e e B | [ T
2001-2100 - - - a6 1.3 - - -
2101-2200 - - - .6 1.7 - -
2201-2300 16.7 - 6| 2.0 - -
2301- 2400 - .6 2.0 - - -
240 1- 2500 - - - - 2. -
TOTAL NUMBER
OF COUNTS 6 3 16 70 (164 153 60O 24 11
# oA
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TABLE 15

PERCENT OF LEUKOCYTE COUNTS BELOW BIOQ/MM3
(5% LOW OF CONTROL GROUP)
VERSUS VARIOUS DISTANCE |INTERVALS
{NON-SURVIVORS - HIROSHIMA AND NAGASAKI)

F15%  AMEREBL00/mm® LIF (HEBEFO RN 5 %54 ot o MR g 5 i
(EBBURBIEOFEE)

PERCENT OF LEUKOCYTE COUNTS BELOW 3100/MM3
FMEREILI00 /mn® LUF OfEiE a5
DISTANCE(METERS) WEEK

B ) 1 2 3 4 5 3 7 8 9
0- 100 - - - . B - - - -
101- 200 - - - - - - - - -
201- 300 94,1/ 65.0] 3.4 - - - - - -
301- 400 - - - 1.6/ - - - - -
40 1- 500 - 5.0, 10.3| 3.1 B0 = ' : =
50 1- 600 - - - . - - - - -
601- 700 - 5.0/ 3.4 7
701- 800 5.9/ 15.0| 44.8| 9.
801- 900 - - - 4
90 1- 1000 - 5.0| 17.2| 46.9| 47,
1001-1100 - - | 13.8| 15.6] 15,
1101- 1200 - - | 3.4 673 5.
1201-1300 - - - - - - - -
130 1+ 1400 - - - - " . - - -
1401- 1500 - - - O - - - .
1501- 1600 - - - 1.6 - . - |33.3 .
1601- 1700 - 5.0/ - - - - - - -
1701- 1800 . - - - 2.5 - - - -
180 1- 1900 . - - - - - - - -
1901- 2000 - - - - - . - . -
2001-2100 - - - - - - - -
2101- 2200 - - - . . - - - -
2201-2300 - - = ) : 5 5 e s
2301- 2400 . - . . -l - = . .
2401-2500 - - - : Z - - - -

TOTAL NUMBER
OF COUNTS 17 20 25 64 40 9 3 3 -
e

8
4 12.
7

33.3/66.7|66.7 -
11-1] 53.3 - -
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FIGURE 1 MORTALITY (DIED WITHIN 9 WEEKS) RELATED TO WBC LEVEL
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FIGURE 3 MORTALITY (DIED WITHIN 9 WEEKS) RELATED TO WBC LEVEL
HIROSHIMA AND NAGASAKI
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FIGURE 5 SUBSEQUENT WBC RESPONSE IN RELATION TO WBC LEVEL AT WEEK 3
(HIROSHIMA AND NAGASAKI SURVIVORS)
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FIGURE 6 SUBSEQUENT WBC RESPONSE IN RELATION TO WBC LEVEL AT WEEK 4
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MEDIAN WBC x 1077 & f R iiix 10

FIGURE 7 SUBSEQUENT WBC RESPONSE IN RELATION TO WBC LEVEL AT WEEK 5
(HIROSHIMA AND NAGASAKI SURVIVORS)
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FIGURE 8 SUBSEQUENT WBC RESPONSE IN RELATION TO WBC LEVEL AT WEEK 5
(HIROSHIMA AND NAGASAKI SURVIVORS)
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FIGURE 9 SUBSEQUENT WBC RESPONSE IN RELATION TO WBC LEVEL AT WEEK 6
(NAGASAKI SURVIVORS)
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