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SUMMARY E B

A study was conducted on the frequency of -HBg
positive antigen and antibody reactions as an
index for determining whether there is any
change in the immune competence as a late
observable effect of atomic bomb exposure in
Hiroshima and Nagasaki.

From among those RERF Adult Health Study
participants who received medical examinations
during the two years beginning September 1975,
a study was undertaken of a total of 2,566
individuals about half of whom were exposed to
100 rad or more and the remainder, as controls,
exposed to 0-9 rad, matched by sex, age, and
date of examination.

There was no difference between the two
comparison groups in the occurrence of positive
HBg antibody reactions (prevalence of HB virus).
However, the frequency of positive HB antigen
reactions (79% remained persistently antigen-
positive) was significantly higher in those exposed
to 100 rad or more than in the controls. The
same tendency was apparent for the two exposure
groups when classified by sex, city, and age,
though by age the difference between exposure
groups among the younger age groups (age 20 or
less at the time of the bomb) was more marked.
On the other hand, contrary to expectation,
there was no difference between exposure groups
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in the distribution by high vs low titers among
the antigen-positive individuals,

The above findings suggest that immune
competence, using the prevalence of positive HB
antigen reactions as an index, is depressed in the
high dose group, but further careful study,
including follow-up of those with persistent
positive HBg antigen reactions, is required before
this tentative conclusion can be considered
anything other than a working hypothesis.

There is no difference in the prevalence of
positive HBg antibody reactions between Nagasaki
and Hiroshima, but the frequency of positive
antigen reactions is higher in Nagasaki. With
respect to HBg antigen subtypes, adr occurs in a
higher and adw in a lower frequency in Nagasaki
than in Hiroshima, corresponding to earlier
reports for the Japan archipelago of reverse and
complementary distributions of these two
subtypes.

INTRODUCTION =

Among the late effects of exposure to A-bomb
radiation is the development of malignant
tumors such as leukemia, lung cancer, breast
cancer, and thyroid cancer, but the mechanism
of radiation induction is as yet virtually unknown.
Though a direct effect of radiation on cells may
initiate malignant changes, it is also possible that
radiation may exert its effect indirectly by, for
example, activating an oncogenic virus or by
inducing changes in the immune defense
mechanism. In view of data suggesting a high
incidence of hepatic cancer in heavily exposed
A-bomb survivors' and the relation between
HB antigen and the development of liver cir-
rhcms and hepatic cancer, it appears timely to
investigate the frequency of positive antigen and
antibody titers for B-type hepatitis virus as an
index of immune competence and to examine
these frequencies in relationship to exposure
dose.

HBg antigen titer was determined in a study of
HBg antigen and antibody on a total of about
5,000 Adult Health Study (AHS)* subjects in
Hiroshima and Nagasaki for one year from
November 1969.% Because a modified
Ouchterlony’s microdetermination method was
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.

LlEofr it HBg iSO BER LR L 254,
SHRENTOREROETETET 26004 LA
COBEMLEEEIFREROEENL S
T2, R HB; R OBHATLEACEL
BELFRSLETHS.

Twat,

EMLrERTII HB; MiENBIERITERI L 0N,
HEOBRERIESEN AN K. £-HMEO subtype

2, ESEREDbadrOREHNEL, adw i

v, ZORIE, AEIZE1T S IO subtype D

WESHCMTIREORNE AT 3.

g =

FRAKHERBOREE (2, A0, WK 1S,
FRIRE 2 L O BEMBEORRA 5 3 4, REBIC
EAFERORFRELFELALTNTH 3. HHEE
D~ OBEH B R A BEEL~OFERIZEZN
Ba3A, M A LA BEHELL AN, BEREIC
ek BRL . M 12 BB & R E AT e
BEths. SHREMECFHEIABHOI LS
+ A2 %M, 0 HBg AT & FEE RUK#EO
RE? LOMEL»SRT, RIEMEOIREEE L TO B
W g 7 4 v 2 12 a4 2 BB R O 1 0 B 1R o L IE &
20 N & W, HIRARE OMFEER~NEZ L3
WETH 5.

nLT,

Tl

19694E11H A 5 1 fF M, 158 B UF R i o) ol A\ RRGE
HE* HREHS.00A 2B TEEL 2 HBg HE
RUHEBOME? T, HB; iR hif &Mz L 7.

Ouchterlony MR ERFZOTFELA VLD, HE

*4 biennial physical examination on a fixed cohort of some 20,000 subjects since 1958.

195BELL %, #20,000 ADHREL» S 2 Z3EAZERMIZoVT,

2EZEICiTTHh TV S RS,



used, the overall frequency of positive antigen
reactions was quite low (0.68%) but was higher
in the heavily exposed survivors than the controls
(0.93% vs 0.52% but the difference is not
statistically significant). A more sensitive
immune adherence hemagglutination (IAHA)
method used on 961 subjects examined during a
2-month period from September 1971 demon-
strated no relationship to radiation dose,! but
the number of cases was so small (only 196
subjects exposed to 100 rad or more) that it was
considered inappropriate to discuss the findings
in relation to radiation dose. In this study, the
relationship between exposure dose and HBg
antigen and antibody was examined on a sample
including all heavily exposed AHS subjects using
a more sensitive test.

MATERIALS AND METHODS

A total of 2,566 members of the AHS sample
who underwent routine medical examination in
the 2-year period from September 1975 fto
August 1977 were included in this study and
were either survivors exposed to 100 rad or
more or controls exposed to 0-9 rad, matched
by sex, age, and date of examination. Because
the sample structure of the subjects examined
during the first year of the survey period had
been established two examination cycles
previously (4-years earlier) and because the
subsequent examination rate differed somewhat
by exposure dose, sex, and age, there was a
slight difference between the number examined
in the two exposure groups, with 1,213 in the
heavily exposed (100+ rad) group and 1,353 in
the control (0-9 rad) group.

Table 1 shows the composition of the two
exposure groups. The distribution ratios by sex,
age, and city between the two groups were almost
identical.

Serum was used for the determination of the
1,359 subjects examined during the first year
ending in August 1976 and plasma for those
1,207 subjects examined in the latter half of the
study period. All determinations were made by
the Hepatitis Group, Tokyo Metropolitan
Institute of Clinical Medicine (Representative;
Makoto Mayumi).

An TAHA method was used for HBg antigen
determination and a passive hemagglutination
(PHA) method for HBg antibody.®
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TABLE 1 NUMBER OF SUBJECTS BY RADIATION DOSE, CITY, AGE, AND SEX
#1 HBEH; KRR, WH, FHRUEI

Age in Both Cities Hiroshima Nagasaki
e Total  Male Female Total  Male Female Total  Male Female
100+ rad Exposure Group
Total  No. 1213 473 740 570 240 330 643 233 410
% 1000 390 610 470 198 272 53.0 192 338
<40 No. 111 54 57 s 7 22 66 31 35
% 9.2 45 4.7 3.7 19 18 54 26 29
4049 No. 418 175 243 180 91 89 238 84 154
% 345 144 200 148 15 7.3 19.6 6.9 12.7
50-59 No. 310 76 234 149 44 105 161 32 129
% 25.6 6.3 193 12.3 36 8.7 133 2.6 10.6
60+ No. 374 168 206 196 82 114 178 86 92
% 30.8 139 170 16.2 6.8 9.4 14.7 7.1 76
0-9 rad Exposure Group
Total No. 1353 543 810 710 264 446 643 279 364
% 1000 402 5938 525 196 329 475 206 269
<40 No. 115 55 60 49 22 27 66 33 33
% 8.5 41 44 36 16 2.0 49 24 24
4049 No. 473 191 282 231 92 139 242 99 143
% 35.0 142 208 17.1 69 10.3 179 7.3 106
50-59 No. 340 103 237 197 56 141 143 47 96
% 25.1 7% 175 14.6 4.1 104 106 35 71
60+ No. 425 194 231 233 94 139 192 100 92
% 314 143 1741 172 6.9 10.3 14.2 14 68
RESULTS #® B

As shown in Table 2, in both Hiroshima and
Nagasaki, the frequencies of positive reactions
(titer 1:32 and over) for the HBg antigen in the
heavily exposed group was higher than that of
the control group but no significant difference
was noted in the distribution of the antigen by
antigen titer. Among those with positive titers
the antigen titer tended to be lower in the
heavily exposed group, but the difference was
not statistically significant (Table 2). The same
tendency was noted by sex, but when compared
by age for those less than 50 years and 50 or
more, there was a difference in occurrence of
positive HBg antigen reactions between the two
dose groups among the younger subjects (Table
3). The frequency of positive HBg antibody
reactions, unlike that for the HBg antigen,
showed no difference between the two exposure
groups, nor was there any difference between
the two exposure groups in the distribution of
antibody titers among those exhibiting positive
antibody reactions (Table 4).
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ZHBELHERRSeN L h o BMEAMERTH
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TABLE 2 HB; ANTIGEN BY RADIATION DOSE AND CITY
#2 HBg #iiH; BERBRUBHH

Positive (Titer)

Doseinrad  Total Negative S‘}ﬁ;‘f“"
Total 2 64 128 256+
Both Cities
Total No. 2566 2498  68(27%) 14 5 3 46
% 100 206 7.4 44 616
09 No. 1353 1326 27(20% 4 3 1 19
% 100 148 111 37 04 BP0
100+ No. 1213 1172 41 (34%) 10 2 2 27
% 100 244 49 49 659
Hiroshima
Total No. 1280 1255  25(2.0% 6 1 2 16
% 100 240 4.0 80 640
09 No. 710 699  11(16% 1 1 1 8 o
% 100 9.1 9.1 91 727 :
100+ No. 570 556 14(2.5%) S 0 1 8
% 100 357 0.0 71§11
Nagasaki
Total No. 1286 1243 43(33% 8 4 | 30
% 100 186 9.3 23 698
09 No. 643 627 16Q25% 3 2 0 11
% 100 188 125 oo eape 10>P>05
100+ No. 643 616 27(42%) 5 2 1 19
% 100 185 74 37 704

*x* test for difference in positive reactions (>32) between 0-9 rad and 100+ rad groups.
0~9rad B:10+rad BLEOBBRER(>R)OEBII>VTO YT RE.

The frequency of the positive HBg antigen
reaction in Nagasaki was about 1.5 times higher
than that of Hiroshima (Table 2). However,
there was no difference in the occurrence of the
positive antibody reaction (1:4 and over) between
the two cities (Table 4). There was also no
difference in the distribution of HBg antigen and
antibody titers between the two cities (Tables
2 and 4).

When the difference in the frequency of positive
HBg antigen reactions between the two cities was
examined by age, the occurrence of positive
reactions was greater in the age group less than
50 in Nagasaki compared to Hiroshima, but no
difference was apparent between the two cities
in the older group (Table 5).

In studying the relationship between HBg
antigen and HBg antibody, it was found that
HB; antibody reaction was negative in all
subjects with a positive HBg antigen reaction,

E#ICH1t5 HBg iRoEEo#FE R, KHEOME
ENHLSEE,I - (FR2). LA LHEOBIESR
(1 t4p k)i, MAMEzEREsh Lok
(#£4). £7- HBg AR UMEO HMO 51z 4,
MRl o (2 RUA4 ).

mdifiz &S HBg MiEBEOHED 2 & FRE7
ZE|ALBE, EW0S0EEBOERETR, TH
ICHSTBEYEEN G-, S0EN EOBTIEH

mEICHA2ZRIRYchEZr-2(ES).
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TABLE 3 HB; ANTIGEN BY DOSE, SEX, AND AGE
#3 HB; HiE; 88, ERUFERS

Dossinad  Total  Negative Fitve () Statistical®
Total 32 64 128 256+ Test
Male
Total No. 1016 979  37G6% 12 2 1 22
% 100 324 54 27 595
09 No. 543 - 530 13(24%) 4 i £ 8
% 100 308 7.1 = g SR>
100+ No. 473 49 24(5.1% 8 1 1 14
% 100 333 42 42 583
Female
Total No. 1550 1519 31(20% 2 3 2 2
% 100 6.5 9.7 65 714
09 No. 810 796 14019% - 2 { 1 .
% 100 = 14.3 71 186 ‘
100+ No. 740 723 17Q23% 2 1 i 13
% 100 118 5.9 59 7165
Age < 50
Total No. 1117 1082 35G.1% 5 3 2 25
% o100 143 86 57 T4
09 No. 588 575 13Q22% - 3 = 10
% 100 = _URaE o (AER. e
100+ No. 529 507 22(42% S - 2 15
% 100 227 _ 91 682
Age 50+
Total No. 1449 1416 33(23% 9 2 1 21
% 100 273 6.1 30 636
09 No. 765 751  14(18% 4 = 1 9 o
% 100 286 - 71 643 i
100+ No. 684 65 1928% 5 2 L 12
% 100 263 105 = 632

*See footnote Table 2 %2 OMEBM

while the HBg antigen reaction was negative in
all those with a positive HBg antibody reaction.

EMTHn, HB, HikOREABYETH 2 K513+~
T HBg MiRREFREETH - 2.

Of the 1,359 subjects examined during the first
year, 1,242 had a determination of HBg antigen

O1EMEZZBL 21359005 5, 1,242
and HBg antibody two years earlier ( though REO 1 EMI-TE ADS 5, 1,4ZA1

antibody determination was not possible on
three cases). The HBg antigen and antibody
determinations of the previous and current
examinations are compared in Table 6. Of the
30 subjects, 26 (86.7%) who were antigen-
positive (titer 32 and over) in the previous
determination were again positive in this current
determination.

Fh i 2FMIZHB; HERUFHBEOBMEN T
hTura(2EL, 35 3@Tcaiitk@E ¥iThh
ZHhot). WMEESEO HB, HERUFRENRE
ERokuiE6IIRT. MEORTECHENBIE
(hil1 320 k) TH - 7 30/H 526 (86.7%) 13,
SENPMETLRE TH- .



TABLE4 HB, ANTIBODY BY DOSE AND CITY
#4 HB, #ifk; SRECBHN
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Positive (Titer) -
Dose in rad Total Negative sm.[t.':st:m‘
Total 4 8 16 32 64+
Both Cities
Total No. 2561 1715 846 (33.0%) 62 138 156 194 296
% 100 7.3 163 184 229 350
09 No. 1349 910 439 (32.5%) 36 61 92 104 146 P> .10
% 100 8.2 139 21.0 23.7 333 s
100+ No. 1212 805 407 (33.6%) 26 77 64 9 150
% 100 64 189 157 221 369
Hiroshima
Total No. 1279 869 410 (32.1%) 25 45 78 100 162
% 100 6.1 11.0 19.0 244 395
0-9 No. 709 487 222 (31.3%) 14 21 50 56 81 P> .10
% 100 6.3 95 225 252 365 ¥
100+ No. 570 382 188 (33.0%) 11 24 28 44 81
% 100 59 128 149 234 43.1
Nagasaki
Total No. 1282 846 436 (34.0%) 37 93 78 94 134
% 100 8.5 21.3 179 216 307
0-9 No. 640 423 217 (33.9%) 22 40 42 48 65 P> .10
% I.QD 10.1 184 194 22.1 300 -
100+ No. 642 423 219 (34.1%) 15 53 36 46 69
% 100 68 242 164 210 315
* x? test for difference in positive reactions (>4) between 0-9 rad and 100+ rad groups.
0—~9rad B21004+rad BErORBERE(>4)0Z 20T ¥ BE
TABLE 5 HB; ANTIGEN BY AGE AND CITY
#5 HBg iiE; ERMEUHT
Positive (Titer) Statistical Test for
Age in Years Total Negative > =
Total 3 64 128 256 Difference between Cities
Hiroshima
Total No. 1280 1255 25 (2.0%) 6 1 2 16 A0>P> .05
<40 No. 94 93 1(1.1%) 0O 0 0 1 05>P> .02
4049 No. 411 404 7(1.7%) 2 1 1 3 J0>P> 05
50-59 No. 346 340 6(1.7%) 1 0 0 5 P>.10
60 + No. 429 418 11 (2.6%) 3 0 1 7 P>.10
N ki
Total No. 1286 1243 43(3.3%) 8 4 1 30
<40 No. 132 122 10(7.6%) 1 1 0 8
4049 No. 480 463 17 (3.5%) 2 1 1 13
50-59 No. 304 299 5(16%) 2 0 0 3
60 + No. 370 359 11(3.0%) 3 2 0 6
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TABLE 6 CHANGE IN HB; ANTIGEN & HB; ANTIBODY TITER DURING 2-YEAR PERIOD
#6 2WFMIZHIT 5 HBg FUE R U HBg HilkD Hifli D 2 AL

HBg Antigen Titer
1
It
< 32 (neg.) 32 64 128 256+ Total
< 32 (neg.) 1205 1 3 1209
32 2 1 3
64 1 1 2 4
128 1 1 2
256+ 3 9 8 - 24
Total 1212 3 14 9 4 1242
HB Antibody Titer
I
11
<4 (neg.) E 8 16 32 64+ Total
< 4 (neg.) 775 2 10 4 1 792
4 43 3 1 47
8 54~ 16 11 1 1 83
16 31 10 16 5 1 63
32 18 18 35 15 5 ) 93
64+ 10 3 37 40 54 17 161
Total 931 52 110 65, 62 19 1239

Furthermore, of the 1,212 subjects showing a
negative antigen titer in the previous determina-
tion, 7 (0.57%) were positive in the current
determination making the rate of conversion to
positive in this population about 0.3% per year.

The 26 cases (78.8%) among the 33 subjects
whose antigen determination in the current test
was positive (titer of 32 or more) were cases who
remained positive.  The proportion of the
persistent positive cases to the positive cases
was 12/16 (75.0%) in the heavily exposed group
and 14/17 (82.4%) in the controls, a difference
which is not statistically significant. Further, in
the 2-year period, the rate of conversion to
positive in the heavily exposed group was 4/581
(0.69%) and in the controls 3/631 (0.48%),
which is not a statistically significant difference.

Study of temporal changes in HB; antibody
reaction (Table 6) shows that of the 308 subjects
who were positive at the previous determination,
17 (5.5%) were negative in the current determina-

Eiz, fEOAE TR hMEELRL 421,212
D3 B, TH0.57%) 3 4MOMETHMET S - .
STHAIZEORERIZ 1T S BRI FER0.3%
ThHdI bt

SEIOWME THE AN (i1 2320 k) Th -2
33k 26 (78.8% ) (X, G| &4t S [BIETH T
b5, PR M o ok, R R R T
(£12 /168 (75.0% ), #HBARETIX14/17() (82.4%) T
HEN, FOHBBHEMBIHABRTREE L - 2. £ 72,
202 FEMIH T AMERICEIL, TREERET
i+ 4 /581 (0.69% ), *tHABETIL3 /63117 (0.48% )
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MEOBETCRETH-2-308FD 5 517/ (5.5%)
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tion. Of the 931 subjects who were negative in
the last determination, 156 (16.8%) changed to
positive in the current determination. The
temporal changes in antibody value were clas-
sified into five groups:

RERF TR 13-80

OflETEBYEEFRLABLEO I 51566 (16.8%)
iE, 4EOMETHEEICERL TuL. HEED
ERMZELEROSBIZHEL 2

1. Titer unchanged since previous determination

mBEOBMELRHBLIELOZVLD

2. Elevated by 1 serial dilution
lEnEEERCLEELALD

3. Elevated by 2 or more serial dilution

2EIXEFR EoMRBRI- LY ERL 200

4. Depressed by 1 serial dilution
1AnERFRTTRLAZLD

5. Depressed by 2 or more serial dilution
2@ EDERFRTFELALD

Total &

No significant differences were noted in negative
conversion rate, positive conversion rate, or
temporal change by dose, city, sex, or age
between the comparison groups.

DISCUSSION

The frequency of positive HBg antibody reactions
was 32.1% in Hiroshima and 34.0% in Nagasaki
and thus there was no significant difference in the
prevalence of HB virus between the two areas.
However, the rate of positive HBg antigen
reactions in Nagasaki of 3.3% was higher than
the 2.0% in Hiroshima. In autopsy cases, no
difference between Hiroshima and Nagasaki was
observed for the prevalence of liver cirrhosis
(post hepatitis liver cirrhosis)® but the prevalence
of primary liver cancer, especially liver cancer
with liver cirrhosis’ in Nagasaki is about 3 times
higher than in Hiroshima. Further, the proportion
of liver cancers with post hepatitis liver cirrhosis
which comprises the majority of liver cirrhosis
cases is higher in Nagasaki (7/17 = 41.2%) than
in Hiroshima (5/44 = 11.4%), which may be
partly explained by the higher frequency of
positive HBg antigen reactions in Nagasaki than
in Hiroshima.

Although the occurrence of positive HBg antigen
reactions differs between Hiroshima and Nagasaki,
the composition of the heavily exposed group
and the controls do not differ significantly from

................ 816 659 %
................ 144 11.6 %
........... 256 20.7 %
................ q 0.6 %
................ 16 1.3 %
1,239 100.0 %
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one another by sex, age, or city as shown in
Table 1. Therefore, the significantly higher rate
of positive HBg antigen reactions among the
heavily exposed group compared to the controls
is not ascribable to differing distributions of
these three factors. The greater prevalence of
positive antigen reactions in the heavily exposed
group is observed consistently regardless of
location by city, sex, or age. When classified by
age, a stronger relation to radiation dose is noted
in the less than 50 age group (age less than 20 at
the time of the bomb, ATB) than in the 50 or
more age group. This is consistent with the
general trend for radiation effects (especially
radiation-induced cancer) to be more marked
among those exposed at younger age.'

On the contrary, the occurrence of positive HBg
antibody reactions is about 33% and there is no
difference between the two exposure groups.
According to a recent RERF study of A-bomb
survivors conducted more than 30 years after
exposure, using phytohemagglutinin response of
T lymphocytes as an index, the immune
competence of a heavily exposed grolip appeared
to be depressed below that of controls.® Thus,
although there is apparently no difference
between the comparison groups in the occurrence
of HB viral infection, it may be that the increased
prevalence of positive HBS antigen reactions
among the heavily exposed group is possibly
ascribable to radiation-induced depression of
immune competence.

On the other hand, the distribution of antigen
titers among the antigen-positive subjects was
somewhat lower in the heavily exposed group
than in the controls, the frequencies of antigen
titers 256 or over being 65.9% in the former,
and 70.4% in the latter: however, the difference
is not statistically significant. In other words,
it might be expected that the proportion having
a high titer would be higher among those with
depressed immunotolerance due to radiation
exposure, but no such tendency is apparent here.

Of the 68 antigen-positive individuals, 33 had
been tested two years earlier and 26 (78.8%)
were positive at that time and thus are considered
as persistent antigen-positive cases. The
prevalence of persistent antigen-positive cases
was 12/16 (75.0%) in the heavily exposed group
and 14/17 (82.4%) in the control group, which
is not a statistically significant difference.
Further follow-up study of the positive HBg
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antigen cases and particularly of the persistently
positive cases is necessary to discern a clearer
relationship with the development of hepatic
diseases (hepatitis, hepatocirrhosis, and hepatic
cancer).

Among those tested two years ago, HBg antigen
adw, and adr subtypes® were also determined for
25 of the antigen-positive individuals. In
Hiroshima, the percentage of those with the adw
subtype is greater than in Nagasaki (Hiroshima
2/10 = 20%, Nagasaki 2/15 = 13%), while for
adr it is lower (Hiroshima 80%, Nagasaki 87%).
Though the numbers are small, these differences
are in agreement with an earlier study where
opposing clines were reported for the Japanese,
decreasing for adw subtypes from north to
south, and increasing for adr subtypes (Okinawa
excluded: few adr are found there). This
distribution of the HBg antigen subtypes is
interpreted as an indication of “vertical” or
maternal-to-fetus transmission of the HB virus.®

-
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