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SUMMARY

Using a method of immune adherence hemaggluri-
nation, hepatitis associated antigen was found in
4.09% of males and 2.109 of females in Hiroshima
and Nagasaki, Japan. The prevalence of positive
antigen tests among those heavily exposed to atomic
radiation was higher, but not statistically signifi-
cantly different from those exposed to low doses.
Anti-HAA antibody was present in about 10% of
males and 12% of females, and the lowest rates
were present in persons over G0 years of age. The
prevalence of antibody was similar in heavily and
lightly exposed A-bomb survivors.

These results were considered to represent limited
evidence against altered host-antigen or antibody
forming mechanisms as delayed effects of atomic
radiation.

INTRODUCTION

Using an agar gel immunodiffusion method, we have
previously shown! that the prevalence of Hepatitis
Associated Antigen (HAA, also known as Australia
Antigen) is 0,68% among ambulatory Japanese
subjects examined at ABCC. This rate is similar to
that reported? for volunteer blood donors in Tokyo.
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The prior ABCC study also demonstrated a tendency
toward antigenemia among subjects
exposed to 100+rad* total body radiation at the
time of the atomic bomb (ATB), but this was not
statistically significant. The purpose of the
present study was to examine further, with more
precise methods, the possible relationship of A-bomb
exposure to the prevalence of HAA and anti-HAA
antibody (HAb). The underlying hypothesis was that
possible long-term effects of A-bomb radiation on
protective  mechanisms

increased

against infections, or
aberration in antibody production, might be revealed
by comparison of differences in specific serologic
expression between
different exposures.

survivors who experienced

METHODS

The population under clinical surveillance (the
ABCC-JNIH Adult Health Study) for late effects of
A-bomb radiation has been described previously.3,4
In brief, heavily irradiated survivors, identified from
the 1950 A-bomb Survivors Survey, were matched by
age and sex with persons who received lesser
exposure or who moved into the cities after the
bombs. The degree of estimated total body exposure
to each individual, called T65 dose,> is based on
work at Qak Ridge National Laboratory (USA). 67

In the present analysis, an arbitrary division of
subjects by T65 dose has been made: <1rad, 1-99 rad,
100+rad, and dose unknown. From 13 September
1971 to 13 November 1971, 961 consecutive subjects
of the Adult Health Study (AHS) in Hiroshima and
Nagasaki undergoing biennial examination, had blood
drawn for serologic testing. All sera were immedi-
ately separated and stored at —20C. Testing was
performed by one of us (K.O.) on the entire batch
over 2 days during December 1971 and without
knowledge of exposure status, sex, or city of origin.

The presence of HAA was determined by immune
adherence hemagglutination (IAHA)-®  Guinea pig
antibody with end titer of 1/1600 was used. For
testing, anti-HAA antiserum was diluted 1/200.
HAb was assayed using passive hemagglutination. 9
To insure reproducibility and specificity, the same
cell lot was used for all tests and inhibition testing

employing a diluted HAA positive serum was included.
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transfer of 100 ergs/gram of irradiated tissue.
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RESULTS

Among males, in the cities combined, 4.09% were
positive for HAA, while the rate in females was
2.10% (Table 1). In our subjects these results
reflect a 5-6 fold greater case-finding sensitivity of
the [AHA method compared with the immunodiffusion
technique.l The highest HAA prevalence (6.52%)
was noted in young males and the rates decreased
with age. The opposite occurred in our female

group in which positive HAA rates increased with age.

Positive
consistent

tests for antibody (Table 1) were more
the
comparison with the distribution of positive antigen
Females showed slightly higher rates overall.
Both sexes demonstrated the lowest antibody rates
in those 60 years and older. Compared with younger
ages this was significantly different, for each sex,
at the 5% level.

between sex and age groups in

tests.
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TABLE 1 HAA & HAb TESTS IN 961 SUBJECTS OF THE ADULT HEALTH STUDY SAMPLE,
HIROSHIMA & NAGASAKI

£1 WMARERAEDSE 61 AICH+ %2 HAA &5 L P HAD Bini s, IR - R
i Test for Significance HEHHE
Sex Subjects Positive Rate (<60 & 60+) (60RELLE & ki)
71 W H Y LRt # X2 (1l P
Antigen HUE
Male <40 46 3 6.52%
% 40-59 162 7 4.32 . $o62
60+ 134 4 2.99 y y
Total 342 14 4.09
Female <40 94 1 1.06
ES 40-59 336 5 1.49 Sain s
60+ 189 i 3.70 : :
Total 619 13 2.10
Both <40 140 4 2.86
HiEEH 40.59 498 12 2.41
60+ 323 11 3.41 145 =
Total 961 27 2.81
Antibody $ii&
Male <40 46 5 10.87
% 40-59 162 22 13.58
60+ 134 7 5.22 g% 02
Total 342 34 9.94
Female <40 94 11 11.70
S 40-59 336 49 14.58
60+ 189 15 7.94 kbt %08
Total 619 75 1212
Both <40 140 16 11.43
Bocait 4059 498 71 14.26
60+ 323 22 6.81 i :
Total 961 106 11.34




TABLE 2 CRUDE & STANDARDIZED PREVALENCE RATE OF POSITIVE HAA & HAb TESTS IN
THE ADULT HEALTH STUDY SAMPLE, BY T65D0OSE, HIROSHIMA & NAGASAKI

#2 WABEMNESRFBCHITAHAA S LU HAD BMERIGOM MBS LU
LA, BB - Bi: Tes&a

T65Dose (rad) &4t

Items
No
HA Estimate 100+ 1.99 <1
B Ay
Antigen #LBi
Subjects W E 32 196 254 479
Fositive i 44 1 5 8 13
Crude prevalence rate A 3.13 2.55 3.15 2.71
*Standardized prevalence rate HiHE (b4 1.60 2.86 3.07 2.41
Relative risk # &5 #Y i s 52 0.66 1.19 1.27 1.00
Antibody #i{%
Subjects & # & 32 196 254 479
Positive Fit fE 45 5 23 29 52
Crude prevalence rate HeamE 15.63 11.73 11.42 10.86
*Standardized prevalence rate fRHE{E 4% 9.69 11,12 11.67 10.87
Relative risk #l & 9 fis s 52 0.89 102 L.07 1.00

* Adjusted by sex, age ATB, and city. Standard population:
PERI, AT B bk PR TR A A AT o

-

The results were analyzed for a relationship between
positive cases and exposure to atomic radiation more
than 25 years ago. Positive tests among heavily
exposed (100+rad) subjects were only slightly higher
compared with lightly exposed persons. Based on
the rates in persons exposed to <1rad the relative
rates for the high dose group are 1.19 and 1.02 for
HAA and HAb, respectively (Table 2). Neither these,
nor similar comparisons utilizing the 1-99rad group,
are significantly different from <1.

The absence of differences in risk could not be
accounted for by sex or age biases in the dose
grouping.

Since a variety of observations at ABCC have
shown apparently increased susceptibility to some
deleterious radiation effects among younger persons,
the distribution of positive HAA and HAb titers by
T65 dose were examined in those who were less
than 20 years old ATB. Among ‘‘young’® as well as
“‘older’’, survivors no significant association
between high (or low) titers and A-bomb radiation
was noted ( Table 3).

DISCUSSION

It is clear that, in the present study, there is no
definite relationship between the presence of HAA
or HAb and A-bomb radiation 25 years before. The
prevalence rates in our study are similar to those

Total subjects examined by sex and age

BEHEA LD : WSO ED - EahN o,

P& LM & 2562 L)L B & it o I8 B S ER e o PR o0 5 e
DWW TEBIT 2T 4>/, SEMEX (100 rad LIE)
DEBERIL, BEMHEBEO T hEESTHT Iz 201
TELE oM 1 rad RIGOBBE 12 BT 2L IH-Tw
THE LS5 2509518 (£, HAA & HAD
ot 21109 1.2 a5 (#2). 20T
O E s wTE, £/, 1 —9radFEEMT
OEFERECZEOTE, 1 radRiEEELEITL 0.

it

Iz I 22RO RME, BEESCHITA2ERZ
EEERNCEAROASAERTH S L0 R &,

ABCClz&H 13 Aaffir OBETIL, BIEBE I HEEHD &
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20T, FEBEEIZ20@ERGETHoAEFICDVTHAA B L
U'HAD @ 55 % B IG { o0 55 46 % T 65 ik 12 Bat L /2.
COIETHE o225 T [HmEREOMEREE s
Th, B AMo S (E AR & FEER SRS O
CHEBEAMEEEED e o (£3).
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TABLE 3A DISTRIBUTION OF POSITIVE ANTIGEN TITER LEVEL BY T 65 DOSE

HIROSHIMA

#3A HUEBMERE o546 TESHRE - &%

T 65 Dose (rad) & it

Titer
(Reciprocal) <1 1.99 100+ Unknown 71+# Total &
hiloE  No. % No. % No. % Ne. % No. %
Age ATB Under 20 [F MR 5 8 200 5 i
0 181 100.00 75 100.00 96 100.00 12 100.00 364 100.00
1 3.21 2.60 1.04 7.69 2.67
2 3.21 2.60 1.04 7.69 2.67
4 321 2.60 1.04 7.69 2.67
L] 321 2.60 1.04 7.69 2.67
16 3.21 2.60 1.04 7.69 2.67
32 3.21 2.60 1.04 7.69 2.67
64 3.21 2.60 1.04 - 7.69 '2.67
128 3.21 2.60 1.04 7.69 2.67
256 3.21 1 2.60 1.04 1 7.69 1 2.67
512 3.21 1.30 1.04 0. 1 2.41
1024 1 3.21 1.30 - 1.04 0. 1 2.14
2048 1 2.67 1.30 1.04 Q. 1 1.87
4096 1 2.14 1.30 1.04 0. 1 1.60
4096+ 3 1.60 1 1.30 1 1.04 0. 5 1.34
Total &t 187 77 97 13 374
Age ATB 20 and Over [5HEEE 58 205 1l L :
0 285 100.00 171 100.00 95 100.00 19 100.00 570 100.00
1 2.40 3.39 4.04 0. 2.90
2 2.40 3.39 4,04 0. 2.90
4 2.40 3.39 4.04 0. 2.90
8 2.40 3.39 4,04 0. 2.90
16 2.40 3.39 4.04 0. 2.90
32 2.40 3.39 4.04 0. 2.90
64 3 2.40 3.39 1 4.04 - 0. 4 2.90
128 1.37 1 3.39 1 3.03 0. 2 2.21
256 1.37 1 2.82 3.03 0. 1 1.87
512 1.37 2.26 3,03 0. 1.70
1024 1.37 2.26 1 2.02 0. 1 1.70
2048 1.37 2.26 2.02 0. 1.53
4096 2 1.37 2.26 2.02 0. 2 1.63
4096+ 2 b8 4 2.26 1 1.01 0. 7 1.19
Total & it 292 177 99 19 587
Accumulative percentage. T£: HHEUERBEHH.
Rank Test for Two Groups
2 B M o MR L B #E
U Test Group (T 65 Dose)
U B iE [ 5
Age ATB Under 20 <1 and 100+ P>.05
208 A it <1 and 1-99 P>.05
20 and over <1 and 100+ P>.05
206 L L <1 and 1-99 P> .05
_—




TABLE 3B DISTRIBUTION OF POSITIVE ANTIBODY TITER LEVEL BY Té5 DOSE
NAGASAKI

#3B EBMERIG DO : TE5HE - s

T 65 Dose (rad) it

Titer

(Reciprocal) <1 1-99 100+ Unknown #H{ Total &

F1 4 o W B No. % No. % No. % No. % No. %

Age ATB Under 20 RIREF 5 @5 2038 5

0 165 100.00 68 100.00 85 100.00 11 100.00 329 100.00

1 11.75 11.70 12.36 15.38 12,00
2 LTS 11.70 12.36 15.38 12.00
4 4 11.75 1 11.70 2 12.36 15.38 T 12.00
8 7 9.61 2 10.40 1 10.30 15.38 10 10.16
16 5 5.87 2 7.80 3 9.27 2 15.38 12 7.49
32 1 3.20 2 5.20 1 6.18 - 0. 4 4.28
64 4 2.67 1 2.60 3 5.16 - 0. 8 3.20
64+ 1 0.53 1 1.30 2 2.06 - 0. 4 1.07
Total & & 187 - 77 97 13 - 374

Age ATB 20 and Over /& HEES S 852088 1L

0 262 100.00 157 100.00 88 100.00 16 100.00 523 100.00

1 10.27 11.30 11,11 15.79 10,90
2 10.27 11.30 11.11 15.79 10.90
4 12 10.27 5 11.30 - B 11.11 15.79 19 10.90
8 L) 6.16 7 B.48 2 9.09 1 15.79 19 7.67
16 6 3.08 4 4.62 5 7.07 1 10.53 16 4.43
32 1 1.03 2 2.26 g 2.02 5.26 1.70
64 2 .68 1 1.13 1.01 1 5.26 1.02
64+ 0.00 1 0.56 1 1.01 0.00 2 0,34
Total &t 292 . 177 99 19 - 587

See Table 34 #3A % 2

found using the same methods,

donors.8:9

in Tokyo blood

The question which cannot be definitively answered
concerns the biologic possibility that immunologic
status ‘‘altered” by radiation could persist so long.
And, in addition, would even persistent abnormality
of immunologic, or other protective mechanisms be
revealed by study of HAA or anti-HAA antibody.

Reports on irradiated humans other than A-bomb
survivors are few and none with respect to hepatitis
associated antigen or its antibody have been reported.
Balish et all0 studied accidental whole body
exposures (100-550 roentgens) in three persons to
clarify host defense mechanisms against infections.
In two instances, immunoglobulin levels fluctuated
widely, but after 1-1/2 years IgA and IgG levels
were at or near the normal range while [gM values
remained elevated. The third
marrow from a twin and subsequent levels of IgA and
IgG were high, but these were approaching normal

case received bone

WTHCMEAFEEIHCTED s AEHE SRR LT
v Bl 809

BB & - TRERIEICE U B L IREE THAEL
SAMEIE VI EWENTREMEIC DV CIEHEE L E
Hrrsrhe., Lard, RERELIZ Iz OMOMHE
e o ir 5 ka2 M A HAA 2 v LITHAA S F D
MEIZE->THsIcsharELrs A LPHTH 5.

BURHERE LIS IZE, BEERE T2z FiZownT
DMEIFIFEAE L, FREGESE 2 v LI E ORI
ConTOHSITEETH S, Balish 5013, F8TE
LA AR (100 — 550 L R v ) B2 I
WTREHHE IC AT A E B E B oW EA T2 2H
T, BESO 7Y YEOELWEH RN 1
PEEER T IgA fH & [gG BT IEMEEM £ 213 F hlifn
iz sFVAOIZHL, Mgl 565 Lisdnl
. B3fTE, MERSSHHBRE R, Z0ED
Igh fii & TgG HIZIRIR E LT @A -4, Zhsid 560 B



values at 560 days. IgM, in this case, remained
below normal throughout. These authors noted that
only the low-dose recipient (100-200 roentgens) had
clearly stabilized immunoglobulin levels 1-1/2 years
after exposure.

Thus, an effect of total body radiation on plasma
immunoglobulin levels in humans has been demon-
strated 1-1/2 years later (and possibly longer) and is,
in fact, a late acute effect. In a preliminary analysis
of immunoglobulin levels (King, Milton et al,
unpublished data) at ABCC, in which survivors were
tested about 25 years after the A-bomb, no uniform
relation to exposure to atomic radiation was noted. 11

Post-radiation decline in serum bacteriocidal effects
have been shown in experimental animals, and
tended to be depressed in the three human cases
above. Studies on A-bomb survivors have shown no
uniform difference in serum bacteriocidal activity
between exposed and nonexposed subjects,l2
although antibody responses to two of four strains of
Asian influenza virus immunization were reduced in
proximally exposed survivors studied about 15 years
after the A-bomb. 13

A noteworthy finding in the present study is the low
rate of antibody to HAA found in older persens,
while those in the middle years (age 40-59) showed
the highest rates. Similar observations have been
made at Red Cross Blood Centers in Japan (Tokyo
and Akita, personal communications to Dr. Okochi).
Declining titers in older persons may be due to
diminished virus contacts or age-related decline in
immunoglobulin levels or in immunologic responsive-
ness. [t is hoped that comparison with observations
in other countries can lead to better understanding
of this finding in Japanese.

The absence of concordance in HAA and HAb
prevalence between the sex-age groups emphasizes
the independence of these findings. That is, persons
with antigenemia represent a subpopulation with a
different host response to environmental experiences
compared with antibody positives. The possibility
of genetic influencesl4 on susceptibility to anti-
genemia must be considered. Persons with HAA may
be asymptomatic, but some with acutel5 or chronicl6
hepatitis have developed chronic liver disease and
cirrhosi s. The possibility has been raised thart
antigen is an element in liver carcinogenesis. 16-18

We do not know if these HAA positive subjects will,
on future testing, become the antibody positive
group. Our experience suggests that randomly
found HAA positives retain this status. Detectable
antibody levels are probably the result of multiple

BEECELAVIIERBEIET VWA, Zoflizsil b
IgM IF#EEHEL T Th -, ChonFEHIE, #HE
ED 1EREFBIIRE O 7Y AEAFFASHIZEEL T WY
Ao, EERE(100—200L Y P Y )ERTLEOR
ThohILEDRHTWVA.

ZOEINZLT, EERHEBRREAgEZITAENIENT
12, 1HE(Ha0viza 5 CEMMH) &Rk mMERE S
07 vz sd sRENFEHEsh s, BEL, £
hizMEEo QB ETH 5. ABCC THREBRSFERIZHK
MEORE O VERHELTT ML BT 2T4-
F-f5H ( King, Milton 5, RIEREE), 5 H S Sk 6
EO—HLAHEFEERD o1

A S s TR 8 0 L A A 1 P oD R A R I 12RE 0 5
htsy, LEILCLRABKEETOEBIZED LML,
FERpREORETIE, HEH LIRS OHIZ, I
HORBERI—FLAZR2EROATVERY,? H
ISR, TYTHRA 2Ly 7 F o HEfE%IIY 4
VA 4 bk 2 BRIzt B UM BE AT BE R AR S 12 B
THEBLTVWA Z AL NE, S

SEOBFE I 3EE T R R, HAAIZHT 2
A HERE I TEREIZR D h, 0, PEE
(0—59E) icbw T RLEELCLHEDLENLZLETH .
HAIZET 2 FHbkEliEr >~ & — (HEHIUFKHE)
TRILEI ZATRAEEXA TS (KiTHMELA0H
E). SEBBICE T hloEEE, 71 V2 EOH
DD, FAEHE ST T g W L RIEEE R
CETIERIIEBRLARTOAD THEpE Lt .
ENEC T ABESER OB IZL-T, BEAILE
H3ZORIZHT 2% 0EENFEoh 2 Z L
MiFahs.

Fhzrhofth - S5 o BT HAA & X U HAD 08
EA—BLTwEVWILiE, chsofEoimiritsis
WTaL0THs. tabh, HIBEMIESET 2418,
MHEBERCEET2F &L T, BESBIIHLT
EoBERGE2ET20E/THA 5. PUFEME 24
FTARZEIIODVWTOBZENBEOTRELEET S
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WA, BESFIIBECHEEzE T 2 HE O,
BIEFMERE L UHEEE>ECABELHETH 2. T
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I 5O HAA BRI A, SROBRETHFEBIEZ 253
Rz AshEINIELA LRV, bbb ROEERTIE,
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AT EAREEEATVS, ks hicriist
S HAAIZ X 2N OBERETH S 2D, T OHHEIE



infections with HAA, but no assumption on possible
protective effects can be made. The interactions of
host responsiveness with environmental experiences
which lead to production of antibody are complex, but
the present results suggest thar there is no striking
abnormality, related to HAA or HADb, that is persistent
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following atomic irradiation.
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