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SUMMARY

This report reviews the results of 20 years of
ABCC-RERF studies for evidence of abnor-
malities in the exposed atomic bomb survivors
relating to infectious, inflammatory, or immuno-
logic disorders. Relatively few definitive
immunologic investigations have been conducted.
The findings, however, suggest possible radiation-
related impairment of the antibody response to
certain type A influenza viruses in the in utero
exposed children and an increased prevalence
rate of hepatitis associated antigen in the serums
of heavily exposed persons in comparison to
their controls. Preliminary studies indicate that
the T to B lymphocyte ratio and the phyto-
hemaglutinin responsiveness of the T lymphocytes
of the heavily exposed persons, especially those
of older age, are moderately depressed.
Observation in the Adult Health Study population
have shown little evidence of increased infectious
or inflammatory disease in the exposed survivors.

INTRODUCTION

The purpose of this review is to provide infor-
mation for future investigators concerning the
previous immunologic, infectious disease,
inflammatory disease, and related studies which
have been conducted at ABCC-RERF following
inception of the Adult Health Study (AHS)
Program in 1958. It is believed that a condensed
presentation of this information will help to
emphasize the need for additional definitive
investigations of possible late radiation effects
on both cellular and humoral defense mechanisms
in the atomic bomb survivors. The possibility of
radiation-induced impairment of these important
homeostatic mechanisms in relationship to
carcinogenesis, aging, and susceptibility to
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infection should be explored in depth. Studies
to date suggest moderate impairment of both
humoral and cell mediated immunity as a
consequence of previous A-bomb exposure,

*»

REVIEW OF ABCC/RERF STUDIES

Humoral Immunity

The effect of A-bomb radiation on influenza
antibody production was studied among persons
living in 1961 who were exposed while in utero
to the A-bombs of Hiroshima and Nagasaki.'
A total of 151 persons who were in utero and
were within 2,000m from the hypocenter at
the time of the bomb (ATB) and 168 persons
who were in utero and were beyond 3,000m
from the hypocenter ATB were ingculated with
Asian influenza virus vaccine. The titer of
complement fixing antibody to various types of
influenza A-virus strains was studied in serum
samples from each individual obtained prior to
vaccine inoculation and 4 weeks later. The
antibody levels in the individuals beyond 3,000m
suggested that the virus of primary infection in
the survivors was type A-1. The antibody
response to type A-1 viruses was almost
completely suppressed in the subjects exposed
within 1,600m in both cities whereas the anti-
body response to type A viruses was similar in
the proximally exposed and control groups
(Figure 1}.

The data suggest that there may have been some
residual radiation damage to the antibody
forming mechanisms of the children in the
proximal group at the time of their primary A-1
infection. The data also suggested that there was
no impairment of the primary antibody forming
mechanism at the time of the study. It also is
quite possible that the impaired heterotypic
antibody response could be a reflection of
immunologic tolerance, but the precise interpre-
tation of the findings remains unclear.

Hepatitis associated antigen (HAA) had a
prevalence of 0.68% among 6,577 ambulatory
AHS subjects based on a 1971 report.® Stan-
dardized rates were higher in Nagasaki (0.84%)
in comparison to Hiroshima (0.61%) and among
males (0.84%) in comparison to females (0.58%).
No relationship to radiation exposure, liver
disease, injections, or raw shell fish ingestion
was found. A relationship to the number of
blood transfusions was observed, A follow-up
study on 45 individuals with positive HAA
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FIGURE 1 HETEROTYPIC ANTIBODY RESPONSE TO ASIAN INFLUENZA VACCINATION
(2-4 FOLD RISE IN ASIAN ANTIBODY TITER)
IN UTERO GROUP BY DISTANCE FROM HYPOCENTER, HIROSHIMA & NAGASAKI
Bl FEAERECSWSTYTEL y Iy s 7y EERORERERE
(7 ¥ 7EHFmE O LREH2 —4); BOR» 6 OREN, BEBRUER

e O
S .

*Statistically significant reduction

reactions was reported in 1972.> Repeat HAA
testing of 38 of those individuals showed that
76.3% had remained positive from 16-50 weeks.
A diagnosis of possible hepatitis was made in two
cases with persistently positive HAA, No one
with nonpersistent HAA had evidence of
hepatitis. There was no clear association between
the positive HAA and hepatic biochemical
dysfunction, socioeconomic, or genetic factors,
HAA persistence and prevalence were about five-
fold greater in Japan than in the other developed
countries.

In 1972 Belsky et al* found in a study of 961
persons that 4.09% of males and 2.10% of
females in Hiroshima and Nagasaki were positive
for HAA by an immune adherence hemaggluti-
nation test. The prevalence of a positive antigen
test among the heavily exposed was higher, but
was not significantly different from those
exposed to low doses. The percent positive for
HAA was not significantly different in the three
age groups tested. Anti-HAA antibody was
present in about 10% of males and 12% of the
females. The lowest rates were in persons over
60 years of age (Figure 2). The prevalence of
antibody and radiation exposure was unrelated.
It was felt that the evidence from this study

Adapted from Kanamitsu et at!
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FIGURE 2 HEPATITIS ASSOCIATED ANTIGEN & ANTI-HAA ANTIBODY IN THE ADULT
HEALTH STUDY POPULATION BY AGE, HIROSHIMA & NAGASAKI
2 HMARFHEMREFIC T ITFHRMEDE R U &%
R Hifk; M, ERRUCRE
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mitigated against altered host-antigen or antibody
forming mechanisms as delayed effects of atomic
radiation. However, there were only 196 persons
in the 100rad or more group;a number which is
too small for adequate comparison.

In 1972 McGregor et al® noted that HAA was
found in postmortem sera of 2.6% of 194
autopsies. This figure is 3-4 times higher than
that observed in living subjects. More hepatic
inflammatory change was noted in those who
were positive for HAA in comparison to those
who were negative for HAA. The prevalence of
malignancy was similar in those with or without
inflammatory change in the liver.

Serum anti-EB titers were determined for 860
AHS subjects between March and August of
1972.% Titers tended to increase with age, but
there was no relationship between radiation
exposure and high titer as judged by the results
of those individuals exposed to 100rad or more
in comparison to those exposed to 0-9rad. It
was not possible to relate anti-EB titer to disease.
However, the white blood cell count varied
inversely with the anti-EB titer, but without
relationship to the differential blood cell count.

40-59 60 +

Adapted from Belsky et at?
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FIGURE 3 MEAN SERUM IMMUNOGLOBULIN LEVELS IN THE ADULT HEALTH STUDY BY
DOSE, HIROSHIMA, AGES & SEXES COMBINED
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Hall et al” in 1973 reported on serum immuno-
globulin levels in 803 A-bomb survivors and
matched controls in the AHS population in
Hiroshima. There was no relationship between
serum immunoglobulin  level and previous
radiation exposure (Figure 3). IgM was signifi-
cantly higher in females. With advancing vears
both IgG and IgA increased in males, and IgM
decreased in females (Figure 4). The mean levels
of IgG and IgA were somewhat elevated in
individuals with tuberculosis, but they could not
be correlated with the degree of the discase as
judged by chest X-ray. Increased immunoglobulin
levels usually were accompanied by an elevated
sedimentation rate and an increase in lympho-
cytes. A second study of serum immunoglobulin
levels on 2,043 individuals in the AHS
populations of Hiroshiina and Nagasaki was
related to age, sex, disease”state, and radiation
dose.® Females tended to have higher IgM levels
than males and the levels of IgM in the females
tended to diminish with advancing years (Figure
5). There was no appareni relationship between
radiation dose and serum immunoglobulin level.
The greatest influence on serum immunoglobulin
level was the presence of rheumatoid arthritis,
cirrhosis, or pulmonary tuberculosis,

IgM

Adapted from Hall et al?
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FIGURE 4 RELATION OF AGE TO IMMUNOGLOBULIN LEVELS, AHS HIROSHIMA
H4 BMAREAEESRBCERIQEIv 7Y LERLEONME, BB
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Adapted from Hall et al”

A study of HAA and HAA antibody titers for
1 year between September 1973 and August
1974 was conducted in the AHS population®
The sample consisted of 700 individuals exposed
to 100rad or more and an equal number of age-
and sex-matched controls exposed to 0-9rad.
The number of individuals positive for HAA in
the study was small (a total of 34) and for each
radiation exposure group was equal. Preliminary
results suggested, however, that the positive HAA
titers tended to be higher in the high dose group.

Kato et al'® in 1978 initiated an extension of the
previous HAA study’ in the AHS population
which had suggested that the titer of HAA
tended to be higher in the high-dose radiation
exposure group although there was no difference
between the number of positive HAA individuals
in the high-dose group as compared to the
controls. The total number of positive cases in
the study was small so a similar study was made
for another 1-year period. The sera collected
between September 1975 and August 1977
from 1,212 persons exposed to 100 rad or more
and 1,349 age- and sex-matched nomexposed
controls were examined for HAA by means of
immune adherence hemagglutination and for HB
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FIGURE 5 REGRESSION CURVES FOR IMMUNOGLOBULIN LEVELS BY SEX WITH 95%
CONFIDENCE LIMITS, MEAN Ig LEVELS BY AGE, HIROSHIMA AND NAGASAKI
5 sfEsn 7y o BRBREUS%EHRRXEA; ¥, FHIRE
7o7) v FHEE, EaRVEE
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antibody by means of passive hemagglutination
(PHA). Preliminary results indicate no difference
in the two groups for the prevalence rate of HB
antibody, but the rate for positive HAA is
significantly higher in persons exposed to 100 rad
or more as compared to the controls. This
tendency persists when classified by age, sex, and
city. There are no significant differences between
the two groups for the titer of antigen in the
antigen positive persons. The data suggest that
immune competence in the high-dose group is
depressed as measured by the prevalence rate of
positive HAA.

Systemic Bacterial Infection

Komatsu and Onishi'' evaluated the prevalence
of tuberculosis in 10,612 Nagasaki Mitsubishi
Shipyard workers for evidence of a possible
radiation exposure effect for the period
September 1954-September 1960. The three
groups studied were those within 2,000m,
individuals between 3,000-3,999m, and persons
beyond 10,000m from the hypocenter ATB. No
remarkable variation in tuberculosis prevalence
by distance from the hypocenter for all age
groups combined was observed. Tuberculosis
prevalence, however, in exposed persons who had

50 60 70 80
Adapted from King et al®
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acute radiation symptoms did not exceed that
for the controls, but they were significantly
higher than for exposed persons without acute
radiation symptoms. No interpretation was given
to that effect. .

The prevalence of tuberculosis in the AHS
population was determined for the period
1958-60 by Turner and Hollingsworth;'* 16.8%
of the men and 10.5% of the women were found
to have tuberculosis on a retrospective review of
chest films and clinical records. No relationship
was observed between radiation exposure and the
prevalence or radiologic extent of the disease,

The urinary findings of children exposed in
utero to the A-bombs were studied by Freedman
and Keehn'® for 1,265 subjects in Hiroshima and
305 in Nagasaki. There were significant
differences in the prevalence of urines positive
for white blood cells by city, sex, and age, but
no apparent association between white blood
cells in the urine and distance from the
hypocenter ATB. At examination, these children
weie between 9 and 16 years of age.

Freedman et al* evaluated the epidemiology of
urinary tract infections in approximately 3,000
women and 2,000 men in the AHS population in
Hiroshima between 18 December 1962 and 17
December 1963. The bacteriology of clean
voided midstream urine specimens was evaluated.
Infections were much more common in women
than in men and rose with age in both sexes.
A relationship between blocd pressure levels and
infection was observed in women, The crude
rate for urinary tract infection was highest in the
most proximal exposed group (3.9%) and lowest
in the group who were not-in-city ATB (2.9%).
The intermediate distance groups had inter-
mediate rates (3.1% and 3.0%). Age standard-
ization did not appreciably alter the trend which
suggested a possible radiation effect although the
results were not statistically significant. It was
concluded that a larger group should be studied.

A reexamination of women, proven to have
urinary infection during 1962-63, was performed
between 15 July and 28 October 1968 for 75
index subjects and an equal number of controls
in Hiroshima, and one-third was still infected.®
Multivariate analysis indicated that the exposure
dose was the largest contributory factor in the
discrimination of infection, the next being
weight, It was stated, however, that it would be
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premature to draw any conclusions regarding
association between urinary tract infection
because of the small number of cases involved
and possibility of some bias.

Gregory et al'® studied renal tuberculosis in
individuals seen at ABCC between 1955-65 and
confirmed the presence of renal tuberculosis in
41 individuals, however, the number was too few
to allow any estimate of the influence of radiation
upon this form of tuberculosis.

Robertson et al'” examined 2,457 autopsy
protocols at ABCC for Hiroshima and Nagasaki
for the period 1 October 1961 through 31
December 1967 for the presence of gallbladder
disease. Primary emphasis in this study was for
the presence of cholelithiasis, No relationship
between ionizing radiation and lithiasis was
found. Similarly, no relationship was evident
between radiation and cholecystolithiasis,
choledocholithiasis, or intrahepatic lithiasis.

Granulocytes and Bacterial Infection

The blood bactericidal activity of 152 AHS
subjects for E. coli was determined by
Hollingsworth and Hamilton'® in 1959. A 1-10
dilution of peripheral blood was mixed with a
1-100,000 dilution of a broth culture of E. coli
in buffered saline in a white blood cell diluting
pipette, The pipettes were incubated at room
temperature for 1 hour and then expelled onto
the surface of nutrent agar plates. The colony
counts were performed after 24 hours of
incubation., No differences in activity were
detected in relationship to radiation exposure,
Blood bactericidal activity by this technique was
found to be a relatively constant biological
phenomenon in all subjects studied.

Peripheral blood leukocyte phagocytosis and the
respiratory response to certain macromolecular
substances in a small group of AHS subjects was
studied by Barreras and Finch!? in Hiroshima
in 1962. The functional integrity of the
peripheral blood of 10 heavily exposed subjects
and 10 matched controls was evaluated by
measuring oxygen consumption following the
addition of latex particles or E, coli endotoxin.
The phagocytosis of sensitized and unsensitized
starch was also measured. There was no signifi-
cant difference in the responses of leukocytes
from exposed subjects as compared to the
leukocytes from the controls to any of the
stimuli.
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The leukocyte marginal reserves of 254 male and
female AHS subjects were evaluated by Belsky
et a1? in 1970. The exercise was an augmented
two-step test used routinely for cardiac evaluation.
The immediate postexercise increase in mean
total white bloed cell count, mature granulocytes,
and lymphocytes was 33%, 20%, and 60%,
respectively. There was no relation to A-bomb
radiation dose when pre- and post-exercise
counts were compared.

In 1977 a study was initiated by Finch et al*! to
measure the random migration and chemotaxis
of granulocytes in exposed and nonexposed AHS
subjects in Hiroshima and Nagasaki. The
granulocyte responses were evaluated by means
of an agarose plate migration techniqgue, The
results for about 200 persons in each city
exposed to 100rad or more and their matched
controls were compared. No radiation-related
changes were observed.

In 1978 a whole blood bactericidal activity study
was initiated by Toyota et al*? for AHS subjects
in Hiroshima and Nagasaki. The study is in
progress and will compare the results for about
200 persons exposed to 100rad or more in each
city with their matched controls. The technigue
involves the phagocytosis and killing of a
standard culture of staphylococcus aureus

organisms.

Autoimmunity

In 1963 a comprehensive thyroid evaluation
study was initiated in Hiroshima and Nagasaki.”®
Thyroid autoantibody studies were performed by
direct slide agglutination and calf tanned red
blood cell methods. A total of 1,659 studies
was completed in Hirashima between 1963-68
and are now being analyzed.

Between June 1971 and March 1972 all persons
under age 20 ATB were studied by Parker et al?
for evidence of thyroid disease. In that study
there were three individuals with thyroid
dysfunction who were studied for the presence
of thyroid antibodies., These individuals with
thyroid disease had radiation exposure doses
of 91, 11, and Orad, respectively. The individual
with 11 rad exposure had a possible positive test
for thyroid antibodies. The other two were
negative.

Wood et al*® reported in 1966 on the prevalence,
incidence, and clinical characteristics of
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FIGURE 6 PREVALENCE OF DEFINITE RHEUMATOID ARTHRITIS IN AHS BY
AGE & CITY, 1958-64
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theumatoid arthritis in the AHS populations of
Hiroshima and Nagasaki. The disorder was
classified as definjte, probable, or possible in
accord with the criteria established by the
American Rheumatism Association. The study
also included a review of the diagnoses of
periarteritis nodosa, lupus erythematosus, and
similar joint disorders. A fixed population of
about 16,000 persons was studied for the period
1958-64. The prevalence of definite rheumatoid
arthritis was 0.35% and the estimated incidence
was 45 per 1,000 per year. There was no relation-
ship to radiation exposure but the prevalence of
rheumatoid arthritis was related to age (Figure 6).
An increased frequency of blood group AB was
noted among the individuals with rheumatoid
arthritis and a reduced frequency of type O blood
group was found. The frequency of a positive
theumatoid factor was about 84% in the
individuals with definite rheumatoid arthritis.

Kato et al’® reported in 1970 observations of
definite rheumatoid arthritis on a fixed sample
of 11,393 AHS subjects in Hiroshima and
Nagasaki between April 1965 and December
1966. The study was prospective and designed
for the specific detection of rheumatoid arthritis.
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FIGURE 7 PREVALENCE OF POSITIVE RHEUMATOID FACTOR (LF TEST) BY AGE & SEX,
HIROSHIMA AHS, 1965-66
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Posteroanterior radiographs of the hands and
wrists were obtained when rheumatoid arthritis
was suspected by either clinical or laboratory
examination. A rheumatclogist reviewed all
records where there was asuspicion of rheumatoid
arthritis and 1,303 individuals were recalled for
reexamination, The prevalence rate of definite
rheumatoid arthritis was 0.38% for males, 0.65%
for females over 20 years of age, and 0.55% for
both sexes. The incidence rate of death from
rheumatoid arthritis was 0.07% for males and
0.11% for females per year. There was no
relationship between either the prevalence or
incidence of rheumatoid arthritis and radiation
exposure. Latex fixation slide agglutination tests
were completed on 7,506 sera in Hiroshima. The
prevalence of positive rheumatoid factor was
related to age for both sexes (Figure 7). Very
few cases of gout were detected.

Akiyama et al®?” performed examinations for
parietal cell antibody (PCA) on 1,334 AHS
subjects in Hiroshima between 20 May 1971 and
31 May 1972. The PCA was positive in 112
subjects (8.4%), and there was no difference in
frequency by sex, but there was a significantly
higher positive rate in those over age 50 as
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compared to those under age 50. No relation-
ship was observed between PCA frequency and
A-bomb exposure,

In 1976 Asano et al®® examined the histologic
material for 155 cases of Hashimoteo’s thyroiditis
from autopsy material in the Life Span Study
sample. Hashimoto’s thyroiditis was classified as
lymphoid, diffuse, or fibrous. They found no
relationship of either prevalence or type of
thyroiditis to radiation dose. There was no
relationship between the type of disease and age
ATB. Two cases of thyroid carcinoma in
association with Hashimoto’s thyroiditis were
observed, The average weight of the thyroid
gland was the smallest in those individuals who
were exposed to 100 rad or more,

In 1978 a study was initiated to determine the
prevalence of autoantibody on stored plasma
samples from persons exposed to 100rad or
more and their controls in the AHS populations
of Hiroshima and Nagasaki during the 9th
Examination Cycle (197‘4-‘76).29 The auto-
antibodies under evaluation are antinuclear
factor, antismooth muscle, antimitochondria,
antithyroid, antikidney, antireticulin, antiparietal
cells, and anti-Ia. “All of the autoantibodies with
the exception of anti-la are detected by
fluorescent antibody techniques. The anti-la
studies are made by standard human leukocyte
antigen (HLA) typing ftechniques. Itis expected
that a total of about 5,000 serum samples will be
screened for the presence of autoantibodies.
" The number to be tested for anti-Ta will be
considerably less, however, since only males
will be tested.

Immunology and Aging

During the period 1958-59 blood group antibody
levels were measured in 526 exposed survivors
and in 516 nonexposed controls in the AHS in
Hiroshima.*® No relationship between blood
group antibody level and radiation exposure was
demonstrated. Radiation exposure was
determined by the severity of acute radiation
symptoms in 1945, distance from the hypocenter,
or the Tentative 1957 Dose estimates. The most
important feature of the study was the obser-
vation that following peak antibody titers at
age 20 to 30 there was progressive linear loss of
serum antibody strength with advancing age
(Figure 8). After age 30, the linear correlation
with chronologic age was —.72. There were
some other interesting findings in this study.
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FIGURE 8 AGE-TITER REGRESSION CURVES FOR BLOOD GROUP ANTIBODY LEVELS
& DISTANCE FROM HYPOCENTER, HIROSHIMA AHS
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The mean blood group anti-A, and anti-B
antibodies were virtually identical in individuals
in groups A, B, and O. The anti-A and anti-B
antibody titers in the serum of individuals of
blood group O were very highly correlated. The
serum antibody levels of females were slightly
higher than those of the males. Caucasians were
found to have higher anti-A antibody levels as
compared to anti-B antibody levels than do the
Japanese, and the peak antibody levels occurred
at an earlier age in the Caucasians than in the
Japanese,

Between April and October 1959 Hollingsworth
et al®! studied the age-related changes in erythro-
cyte agglutinability in 1,495 AHS subjects in
Hiroshima. Serial dilutions of commercial anti-A
and anti-B agglutinating sera were used to
determine the maximum dilution of serum that
would agglutinate a 2% saline suspension of
erythrocytes. Erythrocyte agglutinability was
found maximal during the third decade with a
progressive fall with advancing years. No evidence
of a radiation effect was found. The aggluti-
nability of erythrocytes from males at ages 20-40
was moderately increased in comparison to the
females. In general, the agglutinin titers of red

70+
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blood cells of groups A, B, and AB were
comparable. In January 1972, Hollingsworth
and Hamilton®® reported that they were unable
to confirm the previous findings. It was

concluded on the basis of these additional studies,

that neither age nor radiation seemed to have a
measurable effect on the agglutinability of red
blood cells.

Aoki et al*® between May 1965 and September
1966 studied serum proteins by electrophoresis
for 750 AHS subjects, They were specifically
interested in determining control serum protein
values for the AHS population and to evaluate
the influence of age, sex, radiation exposure, and
the presence of several categories of disease on
the serum protein values. The groups were found
too small to evaluate the effects of sex, age, and
radiation simultanecusly by dividing them by
the three factors. Multiple linear regression was
used to evaluate these effects. The results
showed no evidence for either sex or radiation
effects on the electrophoretic variables, but there
was a suggestion of an age relationship. There
was much overlap of protein variables for the
results of individuals in each diagnostic group.

Doughty et al® studied the spleen index for
1,433 autopsies in Hiroshima between 1963-70.
They excluded autopsies with disease entities
known to predispose to splenomegaly, Analyses
were performed by age, sex, and radiation
exposure. The spleen index was defined as the
ratio between the weight of the spleen and the
total body weight. The evaluation showed no
significant sex or radiation category differences,
but the spleen index decreased with age and the
difference was significant for the different age
groups (Figure 9). However, very few young
people were represented and 89% of those
studied were 40 years or older ATB.

Oesterle and Norman®® in 1975 studied the
number of total peripheral blood lymphocytes
by age and exposure status for AHS subjects
during three examination cycles between 1958
and 1972. No radiation effect was observed,
but a significant drop in the absolute lympho-
cyte count of the 70+ age population was
observed (Figure 10).

Caplan et al* studied the cytotoxicity of two
concentrations of colchicine for the peripheral
blood lymphocytes of 151 A-bomb survivors and
their controls in the AHS in Hiroshima in 1976.
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FIGURE 9 FITTED REGRESSION* OF SPLEEN INDEX BY AGE AT DEATH & T65 DOSE
IN RAD, HIROSHIMA, 1963-70
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FIGURE 10 MEAN ABSOLUTE LYMPHOCYTE COUNT BY AGE, AHS 7TH EXAMINATION
~ CYCLE, HIROSHIMA AND NAGASAKI, 1970-72
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FIGURE 11 NONVIABLE LYMPHOCYTES BY AGE GROUP, AHS HIROSHIMA
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No radiation effect was found, but the number
of nonviable lymphocytes was slightly increased
in persons over 65 vears of age (Figure 11)
and cytotoxicity of colchicine for lymphocytes
increased moderately with age (Figure 12).

A research project for the determination of the
prevalence of benign monoclonal gammopathies
in the exposed and nonexposed older persons in
the AHS is now in progress.>” Electrophoretic
patterns are being determined on stored serum
samples from the AHS 9th Examination Cycle
for all persons age 60 years and over exposed fo
50 rad or more and an equal number of age- and
sex-matched controls. About 1,200 examinations
will be performed in both Hiroshima and
Nagasaki. Age relationships also have been
observed for serum anti-EB titer,® serum
immunoglobulin,™® rheumatoid arthritis,® and
patietal cell antibody.?”

Cell Mediated Immunity )

In 1975 a study of the number of T and B cells
and the PHA responsiveness of the T cells in the
peripheral blood of exposed and nonexposed
AHS subjects was initiated.®® The 1,047
individuals evaluated were divided into four

60-64
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FIGURE 12 LOSS OF VIABLE LYMPHOCYTES DUE TO 24-HOUR INCUBATION WITH
1.0 ug/ml CHOLCHICINE
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radiation exposure groups (0, 1-99, 100-199, and
200 rad or more). T lymphocyte transformation
was measured by a count of blast forms following
exposure to PHA. The relative numbers of T and
B lymphocytes were estimated by means of a
sheep red blood cell rosetting technique. For all
age groups combined the number of T cells and
their PHA responsiveness tended to decrease and
the B cells to increase with increase in exposure
dose, but the results were not significant.
Comparison of the 200rad or more group with
a Orad group by age showed a diminished
number of T cells and PHA responsiveness for all
age groups. PHA responsiveness was decreased
with age in both groups with the greatest
decrease in the older age group exposed to high
dose radiation, Difference between the two
comparison groups was statistically significant
in individuals aged 50 and over.

In May 1978 a migration inhibition factor study
was initiated in the 100rad or more and Orad
groups in Hiroshima and Nagasaki.® An agarose
plate technique was employed using PHA,
streptokinase, and Candida as antigens. Studies
were completed on the blood samples from
about 400 persons in the 100 rad or more group
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and an equal number of controls. The results
are being analyzed.

Morbidity Surveys

Employment attendance records have been
utilized by several investigators at ABCC-RERF
as a possible rough index of illness episodes in
A-bomb exposed persons and their controls. In
most instances it was difficult to relate specific
disorders to absence from work, but the general
impression concluded from these studies is that
absence from work due to infections or
inflammatory disorder cannot be attributed to
previous radiation exposure.

Kato and Yoshitomi®® studied illness episodes
among the employees of the Hiroshima Railway
Division for the period January 1958 — December
1959. This was considered a pilot study of both
morbidity and absenteeism, The survey sample
totaled 567 subjects who were under a system
of complete medical care. No definite difference
in the period prevalence of illness between the
exposure groups was observed. Little differences
were observed in relationship to sex or occupation
but the younger males tended to have higher
illness prevalence rates. Absenteeism was
"considered for sick leave extending for 6 days or
more. The absenteeism rate was lower in the
nonexposed group than in the proximal and
distal exposed groups, but there was no difference
between the proximal and distal exposed. There
were no differences in absenteeism by age, but
some differences were observed regarding type of
occupation.

Between 1 January 1959 and 31 December 1960
a study of absenteeism among Nagasaki
Mitsubishi Shipyard workers was conducted by
Komatsu et al*! on 1,221 male workers whose
exposure status was known from the previous
tuberculosis study, '

The absence rate from work for the proximally
exposed individuals was not significantly different
from that of the distal and nonexposed
individuals. The absence rate due to diseases of
the respiratory system for the group within
2,000m ATB was relatively high in comparison
to the other groups. Among the three comparison
groups, however, no marked difference was
noted in the prevalence rate of diseases possibly
related to radiation.
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Absenteeism among A-bomb survivors who
worked at ABCC in Hiroshima during 1968-71
was studied by Meigs et al,*? The results showed
that those individuals who held A-bomb Survivors
Handbooks took significantly more days both
annual leave and sick leave than did matched and
paired control subjects. The differences in leave-
taken patterns, however, were not attributed to
previous radiation effects.

Finally, the AHS reports, covering the period
1958-68, have not demonstrated any relationship
between the incidence of infections or inflam-
matory disorders and radiation exposure in either
Hiroshima or Nagasaki, ™7

DISCUSSION

The important question as to whether significant
immunologic impairment has occurred in
A-bomb survivors as a consequence of their
previous radiation exposure remains unresolved.
Several studies have suggested alteration of
humoral defense mechanisms, but the results
are not convincing, These include the antibody
responses to specific types of influenza vaccines
in persons who were irradiated while in utero or
during childhood, urinary infections in some
women who were exposed in Hiroshima, and
possibly the serum hepatitis associated antigen
titers of heavily exposed persons. Preliminary
studies also suggest possible impairment of cell
mediated immunity, The peripheral blood T to
B lymphocyte ratio, the absolute number of
circulating T cells and the PHA responsiveness
of the T lymphocytes of the persons exposed to
100 rad or more, especially the elderly, were
moderately reduced in comparison to their
controls,

There have been some problems in the past
regarding the conduct of immunologic studies
in the AHS population., One important problem
is that it is extremely difficult to do provocative
tests on members of the clinical sample,
particularly those tests that require return visits
or the removal of multiple or relatively large
samples of blood. Anocther problem has been
the lack of sensitive and reproducible tests which
are suitable for evaluation of alterations in
immunologic function in man. The immunology
program has also been hampered by a lack of
continual professional leadership in the field of
immunology at ABCC-RERF over the years.
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In recognition of the need for expert advice
concerning the direction of immunologic studies
in exposed persons in Hiroshima and Nagasaki a
2-day workshop in the field of immunology was
held in the fall of 1975 at Hiroshima RERF. The
program was chaired by Dr. Waksman of Yale
University School of Medicine and was attended
by a group of outstanding immunologists from
Japan, Recommendations were made for a
number of additional immunologic studies on
A-bomb survivors and their controls (Appendix I}.
The Workshop panel members generally felt
that it was unlikely that abnormalities of
important immunologic functions would be
uncovered in A-bomb survivors at this late date,
but that it was extremely important to determine
whether this was true. They also were of the
opinion that the most likely groups to demon-
strate evidence of alfered immunclogic function
were those who had been exposed while in utero
or at a very young age. Another suggestion,
however, was that evidence of radiation-induced
suppression of immunoclogic function might also
be evident in the heavily exposed individuals
who now are in the elderly age groups.

The medical literature now abounds with reports
relating the processes of aging and carcinogenesis
to alterations in immunologic function.*®* In
view of this experimental evidence more studies
of immunologic mechanisms should be conducted
in the A-bomb survivors of Hiroshima and
Nagasaki. Emphasis must be placed on the use of
those techniques which utilize small amounts of
peripheral blood and have proved to be reliable
indexes of the important immunologic parameters
for man. It is recommended that sequential
studies be carefully planned and programmed for
individuals in the AHS populations of both cities
during the next few years.

There is a need for the conduct of better
morbidity studies in the future.
medical examinations at 2-year intervais are not
adequate for interval iliness surveillance. Record
linkage systems between RERF and the major
hospitals in the two cities would be very useful,
but some mechanism for maintaining closer
contact with Program participants for the
purpose of recording interval illnesses should
be developed.

The AHS-
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APPENDIX1I IMMUNOLOGY WORKSHOP, HIROSHIMA, 8 MARCH 1976

821

Participants

Dr. Byron H. Waksman, Professor of Pathology
(Immunology), Yale University School of Medicine,
{(Workshop Chairman)

Dr. Toshiyuki Hamaoka, Assistant Professor, Department
of Oncogenesis, Institute for Cancer Research, Osaka
University Medical School

Dr. Masao Hanaoka, Professor of Pathology, Institute
for Virus Research, Kyoto University

Dr. Reiko Nakamura, Chief Investigator, Department
of Tuberculosis, National Institute of Health

Dr1. Kusuya Nishioka, Vice President, Tokyo Metropolitan
Institute of Medicat Science

Dr. Kikuo Nomoto, Assistant Professor, Department of
Bacteriology, Kyushu University Faculty of Medicine
Dr. Toshihiko Sado, Chief, First Department of
Physiology, Division of Physiology and Pathology,
National Institute of Radiological Sciences

Dr. Tohru Tokunaga, Chief, Tuberculin Section, Depart-
ment of Tuberculosis, National Institute of Health

Dr. Yasuo Yagi, Director, Nippon Roche Research
Center

Observers :

Dz1. Soichi lijima, President, Hiroshima University and
Chairman of RERF Scientific Council

Dr. Ken Yanagisawa, Director, National Institute of
Health

Dr. Naomasa QOkamoto, Director, Hiroshima University
Research Institute for Nuclear Medicine and Biology

Dr. Michio Nogita, Dean, Nagasaki University School of
Medicine

Dr. Yuichi Yamamura, Professor of Internal Medicine,
(Osaka University Medical School

Dr. Michito Ichimaru, Professor of Hematology, Atomic
Disease Institute, Nagasaki University School of Medicine
Dr. Kimiyoshi Tsuji, Professor of Surgery, Blood and
Tissue Typing Center, Tokai University School of
Medicine

Dr. Kenjiro Yokoro, Professor of Pathology, Hiroshima
University Research Institute for Nuclear Medicine and
Biology

Dr. Atsushi Kuramoto, Assistant Professor, Depariment
of Internal Medicine, Hiroshima University Research
Institute for Nuclear Medicine and Biology

Dr. Takeshi Ohkita, Professor, Department of Hema-
tology, Hiroshima University Research Institute for
Nuclear Medicine and Biology

Dr. Nobuo Takeichi, Department of Surgery, Hiroshima
University Research Institute for Nuclear Medicine and
Biology
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Dr. Fumio Hirose, Professor, Department of Cancer
Research, Hiroshima University Research Institute for
Nuclear Medicine and Biology

Dr. Yukio Nishimoto, Professor, Second Department of
Internal Medicine, Hiroshima University School of
Medicine

Dr. Mitoshi Akiyama, Second Department of Internal
Medicine, Hiroshima University School of Medicine

Dr. Michio Yamakido, Lecturer, Second Department of
Internal Medicine, Hiroshima University School of
Medicine

Recommendations

1. HLA typing. It was thought that there was a good
possibility that a skewed population distribution for
HLA types might be observed if radiation sensitivity
was under genetic control. Consideration also was given
to the fact that radiation induced neoplasia, autoimmune
disease, and possibly other illnesses might be related to
HLA type. Most important, however, is the possibility
that HLA type may relate to mixed lymphocyte reaction
(MLR) and PHA responsiveness. HLA typing was
thought to represent something of a gamble, and it is
expected that it would be difficult because of the
amounts of blood that are necessary for complete
typing. It was recommended that HLA type be
correlated with MLR and PHA responsiveness.

2. Autoimmune disease. An intensive effort should be
made to detect autoimmune disease by means of the
clinical history and through the use of serologic testing.
Tests of specific organ function (i.e., thyroid, ete.)
shouid be employed in order to detect evidence of
damage to a specific target tissue. Fresh lymphoid
tissue and organ target tissue should be frozen at time of
autopsy for immunofluorescent and other immunologic
studies at a later date.

Detection of autoantibodies. A systematic broad search
should be instituted for serologic evidence of auto-
antibody against a great variety of target tissmes (ie.,
ANF, mitochondria, thyroid, parietal cell, intrinsic
factor, smooth muscle, leukocytes, platelets, coagulation
factors, etc.).

3. Mixed lymphocyte reaction (MLR). These studies
should be closely correlated with the HLA typing.
Emphasis was placed on the need for a constant
lymphoid cell line such as is available from Roswell
Park. A multiple cell panel should include 20 or more
types of cells.

4, Lymphocyte response to mitogens. It was recognized
that the significance of these changes was unknown, but
it was recommended that studies of this type be
continued in relationship to both age and exposure.
There appears to be a need for more data. The panel
made no specific recommendations regarding techniques,
although there was some discussion of thymidine
uptake methods and radicautography. The enumeration
of T and B cells in the exposed and nonexposed
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populations is thought to be important.

5. Delayed hypersensitivity (CMI). If it is possible to
do skin testing, it was recommended that several types
of antigens be employed. Most important would be
tuberculin and mumps antigens. Serious consideration
also should be given to the use of autoantigens and to
relate the results of these studies with the presence of
autoantibodies and blast transformation. Limited
studies of this type might be performed on hospitalized
patients if an adequate hospital linkage system was
available. Qutpatients might be checked by Public
Health nurses. The results of CMI studies also should
be comelated with T and B cell populations, and
leukoeyte migration inhibition.

6. Primary or secondary serum antibody responses.
The most rewarding results aze likely to be with influenza,
diphtheria, tetanus, and Japanese B encephalitis
immunizations.  Consideration should be given to
reimmunization of the previous individuals who were
in the influenza study in the early 1960s. Influenza
immunization with current strains of attenuated influ-
enza virus could be offered to the AHS population with
thé understanding that the antibody titer would be
checked several weeks later. Tetanus immunization
might be used as a control for those individuals who
have not been previously immunized. Some consider-
ation might be given to use of a minimal dose of antigen
rather than a full dose, in order to bring cut possible
radiation induced differences. It was emphasized that
the most interesting groups might be those who were
in utero or less than 2 years of age ATB.

7. Serum immunoglobulins. IgD and IgE should be
guantitated. The question of benign monoclonal
gammopathies was not discussed at the conference,
but Dr. Waksman subsequently agreed that it would
be of interest and importance to determine the frequency
of monoclonal M spikes in the serum of the elderly
exposed and nonexposed individuals.

8. Lymphokines. In the broad search for immunologic
abnormalities, some of the newer and simpler techniques
for the detection of leukocyte migration inhibitory
factors might be evaluated. Investigation of other
Iymphokines would depend upon the availability of
adequate numbers of lymphocytes to study. It is
thought that studies of this type would be very limited.

9. Hepatitis B antigen. The rather scanty data up to the
present time is suggestive of radiation induced tolerance.
It was recommended that current studies be continued.

10. Serum complement. It was recommended that
RERF continue to rapidly freeze and store serum
samples on the AHS population. Sample stored in
this fashion and kept at —70C would remain suitabie
for complement (C3) determinations. Particularly
appealing is the possibility of doing retrospective serum
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complement studies in those individuals who develop
neoplastic lesions. There seems to be little enthusiasm
for doing a pgeneral broad ecvaluation of serum
complement levels in the exposed and nonexposed
populations.

11. CEA and «-fetoprotein. No specific recommen-
dations were made for prospective study. It was
thought, however, that there was a unique opportunity
to do retrospective studies on the serum samples of AHS
individuals who develop neoplastic lesions.

The Workshop panel recommended that individuals in
Japan who are identified in relationship fo specific
tests should be consulted when new methods aze set up
at RERF. Furthermore, it was suggested that several
consultants visit RERF at appropriate intervals in order
to review laboratory techniques. It was recommended
that lymphocytes from individuals in the clinical sample
be frozen and stored for future use whenever possible.
It was generally agreed that probably the most important
lymphocyte function to evaluate would be suppressor
T ceil activity. The problem at the present time,
however, is the fact that there is no acceptable technique
for man. The Workshop panel strongly recommended
that vigilance be maintained for the development of
an acceptable technique and that studies of this type
be instituted as soon as an acceptable technique becomes
available.
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