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SUMMARY

Serum immunoglobulins were determined on 803
atomic bomb survivors and matched controls, all
ambulatory citizens of Hiroshima. Each subject’s
age, sex, and current state of health, as well as his
past exposure to ionizing radiation and his past
medical record of 15 to 22 years, were evaluated
with respect to serum [gG, [gA, IgM levels.

The mean serum [gG and IgA levels tended to be
higher for this Hiroshima population than those
generally reported for Americans. Past exposure to
ionizing radiation showed no significant correlation
to present serum immunoglobulin levels. However,
age and sex did influence the serum immuno-
globulins. IgM was significantly higher in females.
With advancing age IgG and [gA increased in males,
and I gM decreased in females.

Elevated sedimentation rate and increase in lympho-
cytes were accompanied by increased immunoglobulin
levels. Radiographic evidence of tuberculosis was
present in 45% of the population. Mean [gG and [gA
levels were somewhat elevated in these individuals,
but could not be correlated with degree of disease
as judged by the chest X-ray.

INTRODUCTION

With the advent of simple quantitative methods,
serum immunoglobulin determinations have become
a useful clinical tool in detecting disease and
evaluating the immune response. Reported normal
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values span a wide range, and partterns in disease
appear variable. [n spite of this, there are few
large population surveys, especially outside the
United States.

The present study was undertaken in Hiroshima,
Japan in 1968 and 1969, 24 years after the A-bomb,
of a subsample of survivors and their matched
controls to determine the distribution of the major
serum immunoglobulins in a large Japanese popu-
lation. Secondly, the study was performed to
evaluate the effect of ionizing radiation after more
than two decades on this aspect of the immune
response. Thirdly, patterns of the serum immuno-
globulins were sought in varying disease states.

MATERIAL AND METHODS

Subjects The sample population was drawn from the
ABCC-JNIH Adult Health Study (AHS). This is a
matched fixed population sample of approximately
20,000 people who were living in Hiroshima and
Nagasaki in 1950, consisting of the four following
groups: -

A. Located 0-1999m from the hypocenter ar the
time of the bomb (ATB), and had acute radiation
Symptoms.

B. Located 0-1999m from the hypocenter, but had
no acute radiation symptoms, matched by age and
sex to group A.

C. Located 3000-3499m from the hypocenter,
matched by age and sex to group A.

D. Located beyond 10,000m, or not in the city
ATB, matched by age and sex to group A.

The amount of direct radiation has been estimated!
for this population based on the air-dose curves of
Auxier et al.2

A total of 803 adults in Hiroshima (380 male, 423
female) were included in the present study. All were
ambulatory and appearing for their routine biennial
health examination ar the ABCC clinic. This group
ranged in age from 24 to 84 years (Table 1), and
though older and containing more females than the
general population of Hiroshima, is thought to be
fairly representative of the city’s varying social and
economic strata.

Examination of Patients All individuals had at
their clinic visit a physical examination, chest
X-ray, electrocardiogram, pulmonary function test of
forced expiratory volumes, and certain laboratory
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TABLE 1 DISTRIBUTION OF SUBJECTS BY HEALTH STATUS & AGE
# 1 HRHEOEBEINEL S CFEB S

Health Status Subjects Age in Years  Ff@%
fil A1 MR M 24.29 30.39 40-49 50-59 60-84
Normal iE 179 58 52 26 32 11
Abnormal % 624 106 132 150 174 62
Total e 803 164 184 176 206 73

tests. Table 2 lists the values utilized from these
tests to separate ‘normal’ from ‘abnormal’ individuals.
Information of epidemiologic importance, such as
occupation, living conditions, and smoking was
obtained by questionnaire. Each medical chart was
reviewed by two of the authors for similar data from
the past 20 years, without knowledge of the indivi-
dual’s serum immunoglobulin levels, nor past
exposure to radiation. This information was
processed for subsequent computer analysis.

Patient Groups From the total of 803 individuals in
Hiroshima, 179 were deemed from the above
enumerated clinical tests to be normal at the time of
this study, accerding to the criteria shown in the
tables. The remaining 624, comprising the abnormal
group, had one or more abnormal findings on clinical
examination. The distribution of these groups by
age is shown in Table 1. In the combined groups,
35 % were in their 6th decade or above, The largest
abnormal subgroup consisting of 360 individuals
with evidence of pulmonary tuberculosis by chest
X-ray, was further divided according to the severity
of their disease by X-ray:

Tuberculosis Group I (126 individuals): Those
with parenchymal and pleuritic calcifications but
no fibrotic apical disease.

Tuberculosis Group II (234 individuals): Those
with evidence of apical fibrotic disease.

In this group of 360 ambulatory individuals with
some evidence of tuberculosis, only 3% had
symptoms, recent radiologic changes, or positive
cultures that could be interpreted to indicate the
presence of active disease.

Immunoglobulin Analysis From blood drawn at the
time of the clinic visit, serum was separared and
stored at —20C until analysis, which was performed
without knowledge of exposure status. Saliva
samples were concurrently collected and frozen for
IgA analysis from a smaller group of these indivi-
duals (subject of another report). Serum immuno-
globulin G (IgG), A (IgA), and M (IgM) were
determined by a single radial diffusion technique
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TABLE 2 LABORATORY EXAMINATIONS AND NORMAL VALUES
#2 BHERBEHOS LU Z2OEEM

Examination Normal Result
B IE W
Temperature (4L =37.9C
Hematology L% B
Hematocrit A N A RPT S <51%

White blood cell count [ 1L ER £

[ i B o AR

Differential

<10,000/mm®

Seg neutrophils oy HENF p ER < B0 %
Stab neutrophils B v B <h%
Lymphoeytes 1w s ER <h0%
Monocytes HiER <15%
Eosinophils T & ER <h%
Basophils ATk <4%
Sedimentation Rate ki <25 mm/hr %
Urinalysis e L
Red blood cells o 1 Bk < 2/hpf
White blood cells [ 1L B < 5/hpf
Sugar i None #&H 5 iihw
Urine culture TR B R < 10,000 colonies
Stool analysis  #fili =
Occult blood #5 Negative 8 5 h %
Ova/parasites ddp S ER Negative 25t
Serology AL §if i A
Rheumatoid factor (latex fixation)
Y R (5702 AREERIE) Negative i 5 1% 1
Syphilis {cardiolipin) HE (dLIi434E0) Negative 85 h %
Chest X-ray (ORI 3 e Normal  iF %
Electrocardiogram L T T A Normal 1L
Liver function tests Mk 2 1 B
Bilirubin E LK < 0.9mg/100 ml
SGPT <40 KA units  Hi{x
SGOT <40 KA units  Hi{T
Alkaline phosphatase 7L #1 « 7 4 27 % — < 9 Bd units Hifir
Glucose tolerance test Bl £ 97 #i 2
Fasting blood sugar %2 0% i #% <105 mg/100 ml
Two hour blood sugar 2 i3 il fif <120 mg/100 ml
Pulmonary function test B # fig 42
One second forced expiratory volume 1§ =70%

55 0% A 1t

(Hyland Immunoplates; Hyland Laboratories,
Angeles, Calif.). This method was found
reproducible by repetitive testing of standards. Qne

Los
to be

person (CBH) performed all the determinations using
immunoplates from only one production lot.

RESULTS

Table 3 shows the mean serum immunoglobulin levels
for the total Hiroshima population studied and for
the group separated according to sex. For [gG and
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TABLE 3 SERUM IMMUNOGLOBULIN LEVELS IN TOTAL HIROSHIMA POPULATION BY SEX

(Mean and Standard Deviation in mg/100 ml)
#3 EREOEMREBIVBLNCHT2NERE 0 7Y Vil
(CE¥HfE s & UEERZE: mg 100 ml HAL)

Sex Subjects .

5 i 1gG lgA IgM
Male Ll 380 1676 642 278:+112 87 £46
Female # 423 1678 £483 277 £100 121 £56
Total #EH 203 1677 £563 27T 106 105 +£54

TABLE 4 SERUM IMMUNOGLOBULIN LEVELS MALES AND FEMALES COMBINED,
ALL AGES, BY ESTIMATED RADIATION DOSE FROM A.-BOMB EXPOSURE
(Mean and Standard Deviation in mg/100 ml)

#4 HBLEGE, EEBCBTAMERE QT L FEBIC X 5 HEE # R R

Dose Subjects

gt il 2% IeG IgA IgM
Nonexposed JR#HEHE 413 1687 £515 276 +98 107 +56
1-99rad 238 1713 £537 205 +114 105 £50
100 + 105 1819 £610 275 +82 107 £52
Total &l 756* 1713 £535 276 £101 106 +54

Distributions of Ig values among exposure groups show To significant differences by variance analysis.
SrERMAT TR, AT g BiaAGAELREEL T L.
* The total number shown in this table is less than the total of 803 individuals included in this study,

because dose estimates for 47 are unknown and omitted from consideration.
oA SEEIE, FENCSENMEBEEEREB ALY LG o, D HIE4ATA O BRI

WA THERYD, FEOMBEPeRALLZLTS S,

IgA there is no significant difference between the
sexes. However, the higher IgM levels in females
is statistically significant (P <0.001).

Previous exposure to radiation from the A-bomb did
not appear to influence the serum immunoglobulin
levels to any significant extent for the toral popu-
lation, all ages, both sexes combined (Table 4).
Separation according to sex and into normal and
abnormal subgroups yields some 27 comparisons
with respect to radiation dose (Appendix A). By
regression analysis, an increase of IgG levels that
correlated significantly with increasing radiation
dose (P <0.05) was found only for the combined
female group, but not for any of the other subgroups,
nor for any of the other immunoglobulins, regardless
of sex. In view of the large number of comparisons
possible, this single apparently positive correlation
of immunoglobulin level with radiation dose is in
all likelihood due to chance variation.

Table 5 shows the mean serum immunoglobulin
levels for normal vs abnormal populations. The
abnormal group had higher IgG and IgA levels, even
when divided according to sex but none of the
differences are significant. The IgM levels showed

IgA TiL, BEMIZHEBELEG S o7 ’ﬁL.mMﬁ
FEMOIEIFEL, ChiRHMIZERTHB (P
0.001).
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TABLE 5

SERUM IMMUNOGLOBULIN LEVELS IN NORMAL AND ABNORMAL SUBJECTS

(Mean and Standard Deviation in mg/100 ml)

25 ERAeLEUREGH IS T AMERE O 7)) Ll
(Pl 4 & CFEHER 25 mg/ 100 m] Hifir)
Health Status Sex Number )

Tt 1 A4 g 1 0 £ IgG IgA IgM
MNormal Male B 76 1628 £503 266 £108 83 +40
IE 5 Female 4 103 1606 £476 261 484 120 +50

Total Fa 179 1616 £487 263 £95 104 +49
Abnormal Male ) 304 1687 £672 281113 B8 +47
L Female # 320 1701 +484 283 +104 121 +58
Total 5 B 624 1694 +£583 282 +108 105 +£55
litele difference between the normal and the abnormal EHFEDENE I o2H, Lo LIz, wFhoBE:

groups, but were significantly higher in females in

all groups, as indicated above.

The frequency distribution of the serum immuno-
globulin levels for and
populations are shown in Figure 1.

the normal the abnormal
No group shows
The [gG curve of the

skewed soWward

a (Gaussian distribution.

abnormal males is especially

lower values.
The level of one immunoglobulin fraction when
analyzed as a funcrion of the others,

shown

could not be
to affect or predict the level of another.
However, if more than one fraction was elevared, it
tended to be [gG with [gA. Season had no detecrable
effect on the serum immunoglobulin levels.

In the total population sexes combined, there was
a significant correlation between age and immuno-
globulin  levels, as shown by linear regression
analysis (summarized in Appendix A): IgG and IgA
increased with age, while [gM decreased. Separated
according to sex, IgG and IgA levels were seen to
increase with: age in males, and [gM to decrea.
(Figure 2).
according to normal and abnormal groups showed

with age in females Subdivision

essentially the same effects of age and sex as
those described above, except that for [gG and IgA
in the 70+ normal the mean levels were
lower than in all other age groups, and the mean
IgM level of the 70+ normal females was equal to

males,

Inasmuch as the
numbers of individuals in the normal 70+ age groups
were small (5 male, ¢ female), in contrast to all the
these outlying values are most

that of the youngest age group.

other subdivisions,
likely explicable in terms of chance variation.
The normal and abnormal groups werz further
compared, using discriminant analysis, in an effort
to discern whether or not specific immunoglobulin
accompany any of the abnormal

patterns mighe

6

BWTHLEEOEIFEBILE» -,

B 1, EEHLrEEHcsamifigEra 7)) v
DIETHERLELOTH S, Gauss FfHlE+F o

HobEHoshgun, BEL2RVBME GliEz, &
EoHmizHzEfL T s

—OOREST ) P HEOHIE, FRAMOLOED
BfE LT e840, ftotooiicgss
&&Tﬁh,%W@%PmLtUTé EHTEL D
o LaL, =2l Fos#iiz EFREAS -7k 5 2B Ez
I, ERAERL2ZOUE G LEFIgA TH AHHEHFH -
. MERE 70 7Y Y BIZEHNBEIRLS AL
P L

SR (BLE) T}, BENEERICL-TREh
Loz, rrﬁ*cﬁ E0 7)) Al E oM A I
Ahok (FSAIZERN). Tabb G H LU AL
Ho & &R IZHML 24, IgM gL U~ B8 k2
AliZHOTIE, FEEsbil, BUYETIE G LU0 gAH
AWML, T LEMBEI LT 52 LHRH SN

(H2). IEHEBS LRI MY L, TORL

J mﬂ; BERTED IgG & L U IgA O FHEE Ao+ ~T o
ERFELDLEL, $AT00 Lo EH Lo IgM Ty
EARELOEBEOFNERETH -1 2 F BT
EMELUHORERILEOBALEILACALITH S

e N, Lok, 0L EOEREIC BT
%Em#mﬁm O+ XTOEFEI T LA D -
ZOBEES A, L6 A)DT, ZhoDritEER i

f@;ff.\:mﬁiﬁhc WIZETHMTESEEDbNS,

ZEEZ L ORI, ZheEHRTHEREHOBER
CHEORESQ T LSS RS fJ& 3 A e kil
FTao, HRlgirzMuw T Iho0BOELTE -



i B

my////

4444444444444




FIGURE 2 RELATION OF AGE TO Ig LEVELS
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clinical or laboratory findings in these groups at . BEORRE, REEORE, LU LR 2]

the time of the biennial physical examination. Past
history of tuberculosis, elevated sedimentation rate,
and lymphocytosis significantly correlated
with immunoglobulin levels. the
abnormal clinical and laboratory findings, no signifi-

were
For remaining
cant changes nor specific patterns of the serum
immunoglobulins were evident.

Of the 803 individuals in this study, 360 (45 %) had

chest ¥-ray evidence of tuberculosis, comprising
58 % of the total of 624 in the abnormal group. [gM

levels did not seem to be affected,
levels of 1gG
However, only of IgA levels in the more severely
diseased (Group II) females,
significant (P <0.05).
by X-ray did not correlate with higher immuno-
globulin levels.

though the mean
and IgA were
was the difference

Otherwise, degree of disease

Of the commonly performed hematologic tests, an
increased sedimentation rate correlated most closely
abnormal immunoglobulin production. In the

102 individuals with an elevated sedimentation rate,

with

elevated (Table 06).
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TABLE 6 MEAN SERUM IMMUNOGLOBULIN LEVELS IN PATIENTS WITH TUBERCULOSIS,
GROUPED BY SEVERITY OF CHEST X-RAY (Tb I & I} {in mg/100 ml)

6 EEFICEGAFEHMFERIE YO T L, WA X #r R o B 5
(FEE L e LU T#) (mg” 100 ml HA{L)
Subjects Male % Female
R A No. i IgG Igh IgM  No. @lfx 1gG TgA IgM
Normal L7 76 1628 266 83 103 1606 261 120
Th1 #5f1 45 1646 292 79 81 1716 278 124
Th Il #4101 138 1777 292 92 96 1677 290 120
Th total (360) 183 177

15 17 15 8

TABLE 7 MEAN SERUM IMMUNOGLOBULIN LEVELS IN SUBJECTS WITH ELEVATED
SEDIMENTATION RATE AND LYMPHOCYTE COUNT (in mg/100 ml)

£7 FikiEd LU v SEREOBINFIZ B AL EE S0 7)) Ll (ng,/ 100 ml BAEL)
Subjects With: :

Elevated sedimentation rate t ki
Male h 194471 352* 118*
Female i 1856 333* 131

Elevated lymphocytes t ' = o935k
Female %« 1895*% - 328* 117

t Borderline #H—%—74 » * Statistically significant # itfY (2 # &

the mean levels of all three immunoglobulin fractions
were elevated (Table 7). For males the IgA and
IgM levels were significantly higher than those of
the normal group, and the elevation of the [gG level
was suggestive; for females, the differences in the
IgG and IgA levels were significant. Increased
total blood cell (WBC) showed no
correlation with abnormal immunoglobulin levels, but
an increase in lymphocytes did. Of 28 subjects who

white count

had greater than 50% lymphocytes, 23 were female,
with mean IgG and IgA levels significantly increased
over their normal Lt St
Table 6). The immunoglobulin pattern of subjects
with total WBC counts greater than 10,000/mm3
was different total
WBC counts.

counterparts (Srudent

not from those with normal

For the remaining abnormal subgroups no significant
changes nor specific patterns in the serum immuno-
globulins were discermible.

DISCUSSION

The serum immunoglobulin levels in our normal and
total populations tend to be higher than those
reported for most American surveys using the same
technique (Table B).3-8 The difference is particularly
striking for IgG, and though small, is nonetheless

present also for IgA and IgM. Various factors may

OREFESOTY v 5EOFTNTOFHESF LRL TV
(£7). BETH, EXHOBTLETEL A LU M
EAaEECE, GEo EREREMTH L. &k
T, GGHEEF AR ARREIHELRLOTH >
. BAmBEEMmERELEE D7) A iE L OMIZH
B & o e, ) v oSERIMANE O FEBY ATER W 5 7.
Do SEA0% L ETH A H28HO I B, 2Bt T
A, PO LRGHELICIGABTES SR LY & HE
IZE A o/ ( Student @ t FRE) (6 ). OBk
10,000 /mm?® Ll ETH a0 RE ST 7Y R,
FIMERE A I ESE Th - HDIEFEER I -7

s
V4
AL

BEDH-HOOHMBMEIZIE, MiGRiEso 7 iz
HELZELLBHENEZGL L IZED SN Ed o7,

£ =

FAAEOEHENS S CE2ERIZ W TRD 5 W MLiF
g0 7 L, RUHEEHO TS bRt kE
DREBHFORAFTCHFOTHES A LD LD B H VG
ERLA(£E).3°8 ZoETIRCOBEBEIIEHETH
D, gbTraEFoL gAE LUV RMIZLEAD LR .



TABLE 8 SERUM IMMUNOGLOBULIN LEVELS REPORTED FROM VARIOUS COUNTRIES AND RACES
(Measured by single radial diffusion in mg/100ml)

#8 FHEBLIVABISDLTHRSEEATVAMFERE 07 Vi
( Single radial diffusion j%(Z & Vil : mg” 100 ml H{f)

Demography Mean
Author Country No. Sex Race i 5 ik i
Hall et al, 1972 Japan 380 M Japanese 24.84 1676 278 87
(present study) 423 F 1677 iz 121
% Fahey & McKelvey, 1965 USA 20 M Caucasian Adult 1240 280 123
* Stiehm & Fudenberg, 1966 USA 30 M&F Caucasian Adult 1158 200 99
® Lichtman et al, 1967 USA 112 48%M Caucasian  15-74 1112 157 120
109 55%M  Blacks 15-74 1408 175 133
® Allansmith et al, 1965 USA 315 89%M  Caucasian =21 1044 174 90(M)
(most) 104(F)
" Grundbacher, 1972 USA 106 M Blacks 5-95 1040 177 81
136 F 1043 165 107
97 M Whites 809 153 72
105 F 807 140 94
¥ Grundbacher & Shreffler, 1970 USA 132 52%M  Whites 10.95 1039 313* 84
18 Haferkamp et al, 1966 Switzerland 26 M&F  Caucasian 26-45 1610 510 210
. 20 46-60 1600 540 220
32 61-91 2320 650 230
Y Rowe et al, 1968 West Africa 138 M&F  Gambian 31-40 2490*= 387+ 246%*
96 41-50 2490** 430%* 283
109 =50 2760** 446%* 340%*
" Wells, 1968 New Guinea 30 M&F NonWatut -- 1549 215 238
12 Watut 1919 146 478
! Stoop et al, 1969 Netherlands 15 M Caucasian Adult 975 202 93
15 F 1064 174 109
=L Alarcon-Segovia & Fishbein, Mexico 112 62%M  Mixed Mex 16-78 914 223 48
el 38 61%M  Mixed
Acapuleo 16-80 1456 209 92
'* McFarlane et al, 1970 Nigeria 65 Nigerian . 3657 237 121
Jamaica 150 Jamaican 1318 266 102
1% Suzuki et al, 1967 Japan 37 Japanese Adult 1504 504
% Miyoshi, 1968 Japan 40  50%M  Japanese Adult 1273 228 118
'" Onodera, 1968 Japan 20 Japanese Adult 1850 360 130

* Includes 4 individuals (2 males, 2 females over 60 yrs) with IgA over 1000

BORELL E T lgA A 10004 2 3 H A A (B2 A LU L2 M) 25T

#* Estimated from reported % of standard

BT A ESESHEEL A LD,

account for these differences, such as the number
of individuals studied, age distribution, sex and race.

Race may be a major contributing factor to the
clevated 1gG levels. Several studies in the United
States have. shown higher IgG levels in Blacks,
irrespective of social or economic class.5.7,9
African populations have also been reported to have
elevated levels of one or more of the immuno-
globulins.10-14  [n Nigerian and Gambian subjects
the 1gG levels are markedly elevated, with some
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elevation of IgA or IgM in two of the groups.10,12,13
These findings may be more related to disease than
race, as the populations were representative of
Indeed,

suggest that the markedly higher

and not screened for disease.
McFarlane et al,!2

their area,

1gG levels of the Nigerians over the Jamaicans may
be related to endemic malaria in Nigeria. In contrast,
Ho et all4 found that the East African Masai had
similar IgG and IgM levels to American Caucasians,
but doubled IgA levels.

Several reports from Japanl5-17 using the same
method of measurement also found mean immuno-
globulin levels higher than those reported in the
United States (Table 7).3-6 Although these
studied small of people,
described only as normal adules, making comparison
difficult, the results are in line with those reported
On the other hand Grundbacher? also found
that immunoglobulins in 202 Blacks in Richmond,
Virginia, U.S.A. were consistently higher than those

investigators numbers

here.

in 242 Whites in the same area, regardless of sex,
and the difference for IgG was highly significant
(P<0.001). A comparison of immunoglobulin levels
in our Japanese population with those of the Blacks
and Whites studied by Grundbacher,
Japanese levels to be higher than either, with the
values for the Blacks lying between those for the
and Whites. Regardless of

are highly significant for all
moieties (P <0.001) except for [gM in Japanese
males compared to Black males, where the difference
is of borderline (0.1 >P>0.05,
Appendix B).

shows the

Japanese sex, the

differences three

significance

Age influenced all three immunoglobulin fractions
in this study. In males IgG and IgA levels rose with
advancing age, while in females [gM declined. Few
reports evaluate the effect of age after puberty or
include few elderly subjects. Of those that consider
advancing age, most have shown in Caucasians an
increase in IgG and/or IgAS5:7:18 and one also
reported a slight decrease of IgM with age.8 In the
African elderly, Rowe et all0 found IgA and IgM
Buckley and Dorsey,?
however, found in their study of American Negros
and Caucasians that [gG and IgM decreased from the
3rd to 6th decade, and that age was more influential

more commonly elevared.

on serum immunoglobulin levels than sex or race.

Grundbacher? reported no effect of age on IgM, a
slight increase with age for IgG, and a marked
increase for IgA, in both a Black and a White
population in U.S.,A. In an analysis of immuno-
globulin levels in a different White population in
U.S.A., Grundbacher and Schreffler® found that for
males there was a marked increase of IgG and IgA

with age; that for females the increase of JgA was
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less marked, and was virtually absent for IgG; on
the other hand, in females they found a decrease of
IgM with age, but no change in males. The
associated changes of immunoglobulin levels with
age in the Japanese population described here, are
similar to those described by Grundbacher and
Schreffler.

In sarcoid and tuberculosis patients, serum immuno-
globulin changes have been reported to wvary
according to race and sex.20 This suggests that
serum immunoglobulins in diseased patients must
be evaluated with respect to their sex, race, age,
and health status, necessitating carefully matched
controls.

Sex clearly exerts an important effect on the
production of IgM. The significantly higher IgM
levels for women were observed in both normals
and abnormals in all age groups. Other studies
have also reported higher I1gM in females,5-8,21,22
although three investigators found this difference
ameliorated by age,7.8,10 and race.? The results
of careful family studies by Grundbacher? were
interpreted to support the hypothesis that the X
chromosome  carries genes that affect IgM
concentration.

Although no effect of previous ionizing radiation was
evident on the serum immunoglobulins of these
A-bomb survivors, it is possible that the effects are
more subtle or operate on other aspects of the
immune response, such as cellular immunity, and
may not be reflected in the serum immunoglobulin
patterns.  Suggestion of such lasting affects on
atomic bomb survivors comes from the studies of
Kurokawa23 showing decreased total gamma globulin
levels among the exposed.

The immunoglobulin levels appear to reflect more
the current and changing balance of health than
previous health status. This is supported by the
findings that immunoglobulin levels were signifi-
cantly higher in those people with elevated sedimen-
tation rates or blood lymphocyte counts. Both are
nonspecific indicators of current infection.

The absence of notable differences in the serum
immunoglobulins between the normal group and the
two groups with tuberculosis may be atwriburable to
the fact that, although there was X-ray evidence
that disease had been present among the latter for
a prolonged period in the past, there was little to
suggest active disease in all but a few (3 %). Thus,
tuberculosis, in the absence of inflammatory
disease, apparently exerts little if any effect on
immunoglobulin levels.
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Of the three fractions, [gG and IgA seemed best to
reflect the current state of health, and tended to
together.  Grundbacher and Shreffler8 made
similar observations in their series of apparently
normal individuals where they found that [gG levels
tended to be more closely correlated with IgA than
with 1gM levels. In contrast to the observations of
Rowe et all0 in a Black population in West Africa,
I1gM appeared to reflect to a lesser extent the health
status of this Japanese population.

rise

SO0FEO I h, Igh s LU gA IZREORBEIRES
b ESRBL, LI ERTAHERAFHLLEITHS.
Grundbacher # X 1F Shreffler ® |3, [FH &SN A HER
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AxfB Ll L/ Rowe 6" ORI B & xb a2, 4ol
AHL B FEAERIZ O TIE, 1M AR BEREE & K
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APPENDIX A,

kA

SIGNIFICANCE OF REGRESSION COEFFICIENTS FOR AGE AND T 65 DOSE
{assuming data within each grouping are approximately normally distributed)
FOR HIROSHIMA — SUMMARY OF FINDINGS*

b £ U T 654 B o) MR 5 2o 4 %

ate -
o

(HBAORRAPIZTE

AL TVRAEOEREL LBE),

R — RO B>

S Se Sty o Sy e i as b sifeant "
1] 1gG M N{Normal) no no
02 " M A (Abnormal) yes no
03 " " combined yes no
04 " F N no no
05 n n A no no
06 n " combined no yes
07 H combined N no no
08 " " A ves fia
09 " " combined yes no
10 Igh M N no no
11 n n A yes no
12 " n combined yes no
13 n F N no no
14 n n A no no
15 n n combined no no
16 n combined N no no
1 n " A yes no
18 n " combined yes no
19 IgM M N no no
20 n " A no no
21 " n combined no no
22 n F N no no
23 n n A yes no
24 " " combined yes no
25 n combined N no no
26 " 1" A ves 16
27 n " combined yes no
* IBM 2138.5 ** P< .05
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APPENDIX B.
{4+ B

COMPARISON OF Ig VALUES IN JAPANESE IN PRESENT REPORT WITH VALUES
REPORTED BY GRUNDBACHER' FOR BLACKS AND WHITES IN RICHMOND, Va., U.S.A.
AHECLFTAHEAOREEAE) v FEY FHIOBRBASLITAALZET S

Grundbacher 7 O R &1 & o Fed%

No. 1gG IgM IgA
Black male 106 1040 81 177
(+19.7)* {£2.5) (£7.3)
Black female 136 1043 107 165
(£21.3) (£3.6) (£6.8)
White male a7 B09 72 153
(£18.1) (x2.8) (£7.6)
White female 105 BO7 94 140
(£18.9) (+3.1) (+7.2)
Japanese male 380’ 1676 87 278
' (+32.9) (£2.4) (£5.7)
Japanese female 423 1678 121 277
(£23.4) (£2.7) (£4.9)
Comparisons:
IgG Male Black vs Japanese P<0.001 Female Black vs Japanese P<0.001
White vs Japanese P<0.001 White vs Japanese P<0.001
Black vs White P<0.001 Black vs White P<0.001
IgM Male BwvslJ 0.1>P>0.05 Female ByvyslJ P<0.01
WwsJ P<0.01 Wwvsd] P<0.01
Bvs W 0.02>P>0.01 BvsW P<0.01
IgA Male B vs P<0.01 Female BvsJ P<0.01
WowsJ P<0.01 WwsJ P<0.01
Bvs W0.05>P>0.02 Bvs W 0.02>P>0.01

Male vs Female: no significant differences for IgG or IgA, but for IgM:

Japanese Male vs Japanese Female P=0.001
Black Male vs Black Female P<0.001
White Male vs White Female P=0.001

* The standard deviations of the measurements shown in Table 8 of this report have heen converted to

standard deviations of the means in this table, to facilitate comparison of the present data with those
of Grundbacher.

SO L Grundbacher R EORMEFERS IV ALY, FREBOEIZEALNE
HE o BEAER 2502, RS PO EERE CREL .
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