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SEROLOGIC RESPONSE OF ATOMIC BOMB SURVIVORS FOLLOWING
ASIAN INFLUENZA VACCINATION
FREBECLCSTISIZ75F7RAYINIVY - D9FY
EBEEOmMBEZNHEI

INTRODUCTION

A number of studies have been conducted in animals to
determine the effect of X-ray exposure on antibody pro-
duction!® These studies have demonstrated that a
maximum suppression of antibody production occurs when
animals are irradiated shortly before administration of
antigen. and that this suppression of antibody production
persists for several weeks up to several months following
irradiation.

In an analogous fashion, it is likely that antibody production
in those persons exposed to excessive amounts of jonizing
radiation from the atomic bombs in Hiroshima and Nagasaki
might have been transiently suppressed.

Studies have been conducted to determine the effects of
radiation exposure on blood group antibody! blood bac-
tericidal activity® and serum agglutinin titers following
typhoid-paratyphoid vaccination in the atomic bomb sur-
vivors of Hiroshima." No appreciable difference between
serum antibody titers of the survivors and controls were
found. It should be emphasized, however, that these
studies were conducted more than 10 vears after the atomic
bombs. These recent failures to demonstrate residual
impairment of antibody production in the heavily exposed
are not in conflict with the current thought about immune
suppression by radiation. It is likely that following these
years antibody production mechanisms have been restored.
It is also likely that the method usually employed for
immunologic studies of this type may not detect previously
damaged antibody production mechanisms.

Davenport and his collaborators have reported that the
serum antibody levels which appeared in response to
influenza virus infection in a specific age group were the
highest against the strain of virus of the initial infection”™
On the basis of the age specific patterns of antibody
response to influenza viruses they established the doctrine
of original antigenic sin!” This phenomenon has been
understood as being due to immunologic memory of type
specific antigen of the virus of primary infection.
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The principles of immunologic memory suggested a possible
method for detecting the effects of previous radiation
exposure on antibody production. The method is based
on the assumption that immunologic memory of the virus
of primary infection was more poorly established in the
heavily exposed than in the unexposed subjects. Thus,
following inoculation with influenza virus vaccine antigen-
ically related to the virus of primary infection, lower levels
of serum antibody against the primary virus should develop
in the heavily exposed subjects in comparison to the non-
exposed controls. This concept forms the basis for this
study.

MATERIALS AND METHODS

Subjects Persons living in 1961 who had been exposed to
the atomic bomb in either Hiroshima or Nagasaki while
in utero within 2000 m from the hypocenter constituted
the experimental group. The control group was of a
similar age and sex distribution but each person was
located beyond 3000 m at the time of the bombs (ATB).
It is believed that these people received negligible amounts
of ionizing radiation!! ’

The in utero subjects were chosen from participants in
the Study of Children Exposed In Utero (PE86). In
Hiroshima, the subjects were selected from those receiving
a regularly scheduled medical examination at ABCC, while
in Nagasaki the studies were performed on junior and
senior high school students at their schools. The
number of subjects included in this study is shown in
Table 1. Four of the Nagasaki subjects in the proximal
group were found to have been in an air-raid shelter
and completely protected from the atomic radiation.'®
Therefore, these persons were excluded from the study.

Vaccine An essential component of the experimental
design of this study is the knowledge of the prevalence
of the various influenza virus strains in Japan. This
information first became available around 1945 and now
iz quite complete. Since all subjects included in the
present study were born between August 1945 and May
1946 the periods of exposure to the various strains of
influenza virus were very similar.

Inactivated monovalent Asian influenza virus vaccine
prepared from Adachi/2/57 strain was used in the study.
Its potency was 322 CCA/ml. All the Nagasaki subjects
were inoculated subcutaneously with 1 ml of the vaccine
during January and February 1962. The Hiroshima
subjects were vaccinated between December 1961 - April
1962. Serum samples were collected twice; just before
the vaccinaton and 4 weeks thereafter.
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TABLE 1 COMPOSITION OF STUDY GROUPS BY DISTANCE FROM HYPOCENTER

Fl FHESNRTFOESR: BLOMA LR
City
P <2000 m 3000+ m
Hiroshima L& 116 128
Nagasaki &8 35 40
Total Eid 151 168

Antibody titration On the basis of a previous finding
that the Davenport’s doctrine reflects more clearly on
complement-fixing antibody than hemagglutination-inhibition
antibody,!® serum antibody levels were determined by
means of complement-fixation. The antigens consisted of
five strains of influenza A virus. Those chosen were
PR 8 and Weiss strains of Type A virus, FM 1 and Gotoh
strains of Type Al virus, and the Adachi/2/57 strain of
Asian type virus. The Gotoh virus is a variant strain of
the Al type which was isolated during an influenza
epidemic at the beginning of 1957. It subsequently was
identified as the virus antigenically homologous to the
A 1/Dutch/56 strain.

The allantoic fluids of embryonated eggs inoculated with
each virus strain were centrifuged for 30 minutes at
3000 rpm. The supernatants then were centrifuged for
50 minutes at 28000 rpm. The pellets thus obtained were
resuspended in a phosphatesaline buffer and the suspensions
were used as antigens.

The small volume complement-fixation method described
by Lépine'' was used for the determination of
serum antibody levels. The only modification consisted
of an overnight period of incubation at 4C. Antibody
titration of both pre- and postvaccination sera from each
subject was performed always at the same time. Tubes
showing complete inhibition of hemolysis were read as
positive. Antibody titers were expressed as the reciprocal
of the initial dilution of serum showing inhibition. As
expected, except for the Asian type, the postvaccination
levels of serum antibody were low. Therefore, a full shift
of the reaction pattern to higher titers in the postvacci-
nation serum was read as a significant rise in serum
antibody. Serum from the Hiroshima subjects was titrated
for antibody to all five viruses. The titration to Gotoh virus,
however, was omitted from the Nagasaki study because
of the small size of the serum samples. Occasional serum
samples from subjects of both cities were too small to
permit antibody titration to all the viruses. Serological
examinations were performed at the virus laboratory of
the Department of Hygiene, Sapporo Medical College.
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RESULTS

Antigenic Type of Influenza Virus of Initial Infection
The first strain of influenza A virus to which the subjects
were exposed was inferred from a comparison of serum
antibody levels to each virus strain in the control population.
This group was composed of persons beyond 3000 m from
the hypocenter ATB in both cities. The results are shown in
Table 2. Before vaccination, antibody levels to the type
Al viruses were markedly higher than to those of any other
virus type. After vaccination, except for the expected
high levels of Asian antibody, levels to type Al viruses
were the highest. The next highest levels were those to
the PR8 virus strain, and the lowest levels were to Weiss
virus, although the levels of PR8 antibody were amost
identical to those of FM 1 antibody in the Nagasaki group.
These results suggest that the influenza virus of primary
infection in these subjects was type Al.

AR

ISR VINIVF - JAILADHES EBREIF R
MCBELEAR, 70 -4 RAKL, &7
AnAkizdTadEEoMERIER A HEEE L TH#
HLA ZoBEE, W TEBBREIZEBLOHA 53000m L)
BIZVWAETHS. tORREEBZLLRLEL. 775>
PETEATIE, A LS A v A zxb AP ATE oo v
FThowf LABENEEL @k, T7F 2R
iz, THREALIS LTV TR LRFEDLLH
EordBIE, AR L VAT 3HEAARE T,
KTPREBHET, Weiss EARBREMERLAE. A£L,
E&Cit, PREMAEMEIFMItEME L ZEELY
. ZOBRE, COBCEIINBRE, IRV .
TANARAILRTCHE S EERT.

TABLE 2 PRE-AND POSTVACCINATION ANTIBODY LEVELS IN CONTROL SUBJECTS,
HIROSHIMA AND NAGASAKI

#2 B IUREIZETAMBED T 75 2 R % O TR

Hiroshima 5 5 Nagasaki £ i
Antibody - o
sk Number Mode  Mean titer® Number Mode Mean titer
BEREEN £ F  RighiEE i 71 2 - F  FEHER
Prevaccination 7 7 F v &
Adachi, Asian B2, 7¥ 7% 127 8 8.1 39 8 5.0
Gotoh , Al ®E 120 8 128 .
FMI1, Al 126 16 12.7 40 16 11.4
Weiss, A 127 8 7.0 36 8 4.2
PRSB A 126 8 6.4 39 8 9.6
Postvaccination 7 7 ¥ Vg%
Adachi, Asian 23, 7 V7% 127 32 43.6 39 64 50.1
Gotoh, Al & i 120 16 14.9 =
FiMa, Al 126 16 13.0 40 16 15.0
Weiss, A 127 8 8.8 36 8 2.0
PRB A 126 8 10.1 39 16 15.3

*Geometric mean & a] 5 8

The Effect of Previous Radiation Exposure on Serum
Antibody Levels The serum antibody levels to individual
virus strains in the subjects exposed within 2000 m were com-
pared to the serum antibody levels of those beyond 3000 m.
In the Hiroshima subjects there was no apparent relation-
ship between the exposure distance and the serum antibody
levels to any virus strain. The only possible exception
was that the postvaccination levels to Asian virus were
higher in the group within 2000m. In contrast, a relationship
between the distance and serum antibody levels in both
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pre- and postvaccination serum samples from the Nagasaki
subjects was observed. The results are shown in Figure 1.
The pre- and postvaccination serum levels of FM 1 antibody
were markedly lower in the group within 2000 m than in the
controls. The differences in antibody distribution between
the groups are statistically significant at the 5% level by
XZ? test in each instance. Prevaccination levels of Weiss
antibody also were lower in the group within 2000 m though
the differences in antibody distribution between the groups
were not statistically significant No such relationship
was noted with the serum antibody levels to PR 8 virus.
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FIGURE 1 ANTIBODY LEVELS IN THE INUTERO SUBJECTS BY EXPOSURE DISTANCE, NAGASAKI
Bl BarasEhs o RRERI A, £
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Factors Which Influence Antibody Response Other
Than Previous Radiation Exposure FFactors which may
influence antibody response following vaccination besides
the previous radiation exposure are: initial antibody levels
of subjects for whom elevation of antibody is to be studied;
and magnitude of rise in Asian antibody homologous in type
to the vaccine chosen for inoculation. Subjects of the groups
beyond 3000 m of both cities were pooled and used for the
study. The relationship between the initial levels of serum
antibody and subsequent responses is shown in Figure 2.
At least a 2-fold rise in Asian antibody titer invariably
occurred in those subjects with initial levels of 1:8 or
lower. Appreciable rise in serum level of antibody to
other viruses occurred less frequently even if the initial
serum antibody level for a particular virus was low.

If the initial Asian type serum antibody level was 1:128
or greater there invariably was no significant response
in Asian type serum antibody level following vaceination.

3000 +m

WEHERAELUACRFERGICEEERIEITER Mt
BRGI LA Rt OB IR BB I B R RIET EE L 6 0
BERIZ: EREFEEREL L L LT S3HEOT 2T
vIEREREI OFEM, PE U sFvIIHOARET VT
Wy valid+siiko LROBETHL. Zhi#
MRSl oM BB A G LA BT o i A
Lt ERBLOBGERZIITF LA, BROOMEY
l1: 8t znll FoHFTcid, £fl27 ¥ 7 BAEMH
FEhal b eIz bERg LA 204 L ACHL
T, #o MEEm A ECEEG T, MiFsEmH
EA L fiE A ke,

TYTRMAEMGAMBIZL: 1280 ETh - HEEIE,
JoFvEREoT VT RMENECEE L FREE



The critical level was 1:32 for the other four viruses. This
indicates that those with initial serum antibody levels higher
than these critical titers are of no value for the study of
antibody response to the virus. The relationship between
the magnitude of Asian antibody increase and the elevation
of other types of serum antibodies is shown in Figure 2.
All of the subjects without increases in Asian antibody
titers failed to demonstrate a rise in the serum level of
other types of antibodies. Except for the Gotoh antibody,
the frequency with which these heterotypic antibody levels
increase was related to the magnitude of the rise in Asian
antibody titer. It became apparent, therefore, that ele-
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FIGURE 2 HOMO-AND HETEROTYPIC ANTIBODY RESPONSE IN RELATION TO PREVACCGINATION LEVELS
OF THE ANTIBODY AND MAGNITUDE OF INCREASE IN ASIAN ANTIBODY, CONTROL GROUP
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vation of A and A1l type antibodies induced by Asian
influenza vaccination was greatly influenced by these
The results further
indicate that subjects for the study on the effect of radi-
ation on antibody response should be comparable in respect

various seroimmunologic conditions.

to seroimmunologic conditions.

The Effect of Previous Radiation Exposure on Hetero-
typic Antibody Response The In Utero Study subjects
of each city were divided according to the distance from
the hypocenters ATB into three groups: one composed
of those exposed within 1600 m, the second included those
exposed between 1600-1999m, and the third group
consisted of those located beyond 3000 m. Subjects with
initial serum antibody levels higher than the critical titer
to which no antibody response occurred previously and
those without any rise in Asian antibody were excluded.
The frequency with which the subjects in each group
showed a significant rise in serum antibody to A and A1l

40
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TABLE 3 HETEROTYPIC ANTIBODY RESPONSE IN THE IN UTERO SUBJECTS BY EXPOSURE
DISTANCE FOLLOWING ASIAN INFLUENZA VACCINATION

#3 BNEBHECEIAT VTR YL v 9 F L R0 BREHERG

18 S5 B BE B

Hiroshima % &

Nagasaki f=#f

Antibody Distance Fﬂf rise Tnitial Fold rise Initial
e 1 of Asian titer of of Asian titer of
itk B Nusher % antibod y* antibody* Hamber 9% antibody antibod
24 B B S 3 L ¥ TV T EE T2 v HERAT
o o EAE DA o | DA
Gotoh # # 0-1599m 5/35 14.3 6.4 9.5
1600-1999 6/45 13.3 8.0 8.4
3000+ 19/91 20.8 5.7 9.2
FMI1 0-1599 1/41** 2.4 6.4 10.5 1712 8.3 T.1 8.0
1600-1999 5/51 9.8 8.3 9.7 4,23 39.1 10.4 6.8
3000+ 11/97 11.3 0.7 9.6 9/32 28.1 8.1 8.8
Weiss 0-1599 5/45 11.1 6.2 6.9 5/12 41.6 T 1 4.2
1600-1999 13/58 22.4 8.0 5.6 12/23 52.1 10.4 2.9
3000+ 15/107 14.0 5.6 6.1 11/31 35.5 8.0 3.4
PR& 0-1599 12/45 26.6 6.2 6T 3/10 30.0 7.4 8.0
1600-1999 21/58 36.2 7.8 5. 12/22 54.5 10.9 5.8
3000+ 33/106 31.1 5.6 10/31 32.2 8.1 7.4

The denominator indicates the number of subjects and the numerator subjects with at least a 2-fold rise in the antibody.

SREGEBENERL, STERABYSECLL 2B LR LABERERERT.

*Geometric means,
A gy

**Includes subject with elevated antibody without rise in Asian titer.
TUTEFEO LR LA 8T, HEEOLRERLELIHE ST,

The results are shown in
Table 3. In the Hiroshima subjects, initial serum antibody

type viruses was compared.

levels to the same viruses are comparable among all groups
while the magnitude of rise in Asian antibody is greatest
in the middle distance group. Therefore, hoth the first
group (<1600 m) and the third group (3000+ m) are suitable
for the study of antibody responses to A and Al type
viruses. In the first group there was a moderate reduction
in the frequency of serum antibody rise of the Gotoh type.
A much more marked reduction of frequency of rise in
FM1 type serum antibody, however, was noted in the
subjects in this group. The frequency of rise in serum
antibody levels to A type viruses was approximately the
same in both the groups.

In the Nagasaki subjects, the magnitude of rise in Asian
serum antibody levels was remarkably greater in the
middle distance group (1600-1999m) in comparison to the
other two groups which showed a similar change.
Therefore, the middle distance group should be excluded
from the study. The most striking finding was the reduced
frequency with which subjects in the group within 1600 m
developed a rise in serum antibody to FM1 virus. The
response for the other virus strains was comparable for
all groups.
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Since the antibody response patterns for the subjects of
both cities were similar, the results for each group were
pooled. Each group then was subdivided into a group of
persons who showed a 2-to 4-fold rise in serum antibody
to Asian virus and a second group composed of subjects
with an 8-fold or greater response to this virus. The
number of subjects in each distance group ranged from
14 to 80. The frequency with which the subjects in each
group demonstrated an elevation of serum antibody levels
to A and A1l type viruses is shown in Figure 3. Pre-
vaccination serum antibody levels to the same virus in the
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FIGURE 3 HETEROTYPIC ANTIBODY RESPONSE BY EXPOSURE DISTANCE FOLLOWING
ASIAN INFLUENZA VACCINATION
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three distance groups with same magnitude of Asian
antibody increase are comparable. None of the 23 subjects
in the group within 1600 m with lower increases in Asian
serum antibody showed a significant rise in Gotoh serum
antibody. One of the 14 subjects in the group between
1600-1999 m and 10 of 47 subjects in the group bevond 3000m
developed significantly elevated Gotoh serum antibody
levels. The results of the most proximal group in com-
parison to the more distal group were statistically signifi-
cant at the 5% level by the one-tailed test. Elevation of
FM 1 serum antibody levels was markedly reduced in the
group within 1600 m with the greater elevation of Asian
serum antibody, that is, only one of 29 subjects in the most
proximal group showed a rise in FM1 serum antibody,
while 14 of 56 subjects in the middle distance group and
16 of 77 subjects in the group beyond 3000 m developed
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an elevation of the antibody levels. The reduction of
frequency of FM | serum antibody response in the group
within 1600 m was statistically significant at the 5%
level by the one-tailed test. The frequency of serum
antibody elevation to the Weiss virus also appeared to be
reduced in the group within 1600 m with lower increases
in Asian serum antibody although the reduction was not
statistically significant. No such relationship was noted
with PRE antibody. It is noted, however, that the
frequency of serum antibody response to PR8 virusis
generally greater than that to the other virus strains.

The Effect of Previous Radiation Exposure on Homo-
typic Antibody Response Homotypic response of Asian
serum antibody following vaccination was remarkable.
Therefore, the distance from hypocenter ATB was related
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FIGURE 4 RELATIONSHIP BETWEEN EXPOSURE DISTANCE AND HOMOTYPIC RESPONSE OF
ASIAN ANTIBODY FOLLOWING VACCINATION
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to the ma‘gnitudc of rise in the antibody for the subjects.
The subjects located at comparable distances from the
hypocenter ATB in both cities were pooled, then subclassi-
fied into three groups depending upon the initial Asian
serum antibody level. The first group had serum levels
of 1:4 or lower, levels in the second group were 1:8 to
1:16, and those with the levels of 1:32 to 1:64 made up
the third group. The number of subjects in each subgroup
was 100, 184, and 29, respectively. The number of
subjects within 2000 m and those beyond 3000 m in each
subgroup was roughly the same . The relationship between
exposure distance and the magnitude of rise in Asian
serum antibody levels is shown in Figure 4. The tendency
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that the lower the initial level of the serum antibody the
greater the magnitude of the increase, is apparent in the
figure. Surprisingly, elevation of Asian serum antibody
was considerably higher in the subjects of the group
within 2000 m, irrespective of initial antibody level. The
general results were unchanged even when the data for
each city were considered separately.

Study was further conducted for the In Utero Study
subjects to determine the effect of month of gestation
ATB on antibody production, but no appreciable result
was obtained.

DISCUSSION

The highest prevaccination serum antibody levels in the
subjects beyond 3000 m were against the A 1 type viruses.
This was an unexpected finding since type A influenza virus,
especially the Weiss strain, first appeared in 1943 and
possibly remained through 1948)°

Although the in utero subjects may have been exposed to
the Weiss type virus from 3 to 4 vears, there is evidence
that the first virus of importance to the antibody forming
mechanisms was of the Al type. The reasons for this
assumption are as follows: Type A1l virus was identified
as early as 1946 in Australia and it probably was brought
to Japan in that same year by Australian troops: During
the first 3 to 6 months of life there is little or no antibody
response to antigenic stimulation; Several years may pass
before a newborn population is infected with a specific
virus and saturated with serum antibody to the virus.'®

The total contact period for A1 type virus was about 10
vears. Therefore, it is reasonable to assume that A1l
type virus probably was the virus of primary infection for
virtually all of those studied. The serum antibody levels
in the subjects beyond 3000m were consistent with
this assumption.

The reduced serum antibody levels to FM 1 virus in the
Nagasaki subjects possibly may have been the result of
previous radiation exposure, A similar result was not
obtained in Hiroshima, however. Perhaps differences in
each city in the amounts of energy released as neutrons
and gamma rays from the atomic bombs may have been
a factor!' Variations in topography and other unknown
factors also may have influenced irradiation dose. If
previous radiation exposure had damaged antibody pro-
ducing mechanisms, however, it was thought that evidence
of this damage might still be detectable in a more con-
vincing fashion.

The heterotypic antibody response to Asian influenza
vaccination among those within 2000m more clearly
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demonstrated a possible radiation effect. In comparison
to those beyond 3000 m, the subjects within 2000 m in
both cities showed considerably poorer type FM 1 serum
antibody responses. In Hiroshima, subjects in the group
within 2000m also failed to increase their serum
antibody levels to Gotoh virus which is a variant strain
of type Al virus. These data suggest that there may
have been a residue of radiation damage to the antibody
forming mechanisms of the children in the group
within 2000 m at the time of their primary Al virus
infections. Years later the poor antibody response of the
same type in these subjects may still be evidence of this
early radiation effect.

The heterotypic serum antibody responses to the type A
influenza viruses is somewhat confusing. Regardless
of distance ATB all subjects showed the greatest
frequency of response to thggPR8 virus. On the other
hand, the rise in serum antibody to Weiss type virus was
extremely poor. The reason for this apparent descrepancy
is unclear but there is evidence that both the Asian and
prototype A viruses may have partially common -ill'll.igei'ls..n':3
The overall development of serum antibody to the Asian
virus following vaccination was somewhat better in the
subjects within 2000 m than it was in those beyond
3000m. This result may have been spurious and is not
easily elucidated. Although there may have been over-
compensation of antibody production following radiation-
induced depression,'” it is possible, but unlikely, that
overcompensation of such long duration could persist.

The maximum duration of suppression of antibody production
in irradiated animals is stated to be in the range of 8
weeks? Radiation-induced suppression of an anamnestic
antibody response, however, presumably may be of longer
duration®" The poor production of FM1 and Gotoh serum
antibodies in the closely exposed subjects suggests that
radiation-impaired antibody synthesis of this particalar
type may have persisted about 10 years. This duration
is considerably longer than that noted in animal studies.
Two possible explanations are offered. One is that
suppression of antibody synthesis actually persisted for
this long period of time in the in utero exposed. The
fact that the fetus is highly sensitive to ionizing radiation
may support this explanation. [tis possible that impairment
of antibody production was more severe and lasted longer
in those exposed to radiation during fetal life than those
exposed in postnatal life. Previous experimental studies have
almost invariably been conducted in postnatally irradiated
animals. Another possible explanation is that the in utero
exposed subjects might have become immunologically
tolerant to the influenza virus of primary contact. Per-
sistence of antigen in vivo is said to be an indispensable
factor for tolerance to develop. Persistence of influenza

11

R - EBHACED /. 000mIREFE H~AT,
EHO200mAkBEIHITS FM1 ¥n#Ak#Eo L8
B ranEu. EBCHT3200nkAB0RREE,
AlES R ZADREKETHIBRETIAVALIHLTE
Mmiitbkn ERE2FR et Znsn&EHE, Al
R L L AIZESPBEORC, 2000mEilso @R
DA EEEE AR ESHBI R T2 %
T A, IELERL AR ChoOMBREIZETS
ZOMEEEHFIFOOE, 2R oo ki oE
HotlTcrs v iMh L wEEDbA S,

ABIL oI oH -4 RLAICHTIMiBOREBH Ik
RIEDBE&L, LPHBTHS. BLRPonHERICH
FELLARTOHEHE -V TPRE Y4 A LNT 3
Mk LRoSEEFRLE»--. —F, Weiss 194 0
A+ sEEtko LRIz bAHTEy. ZOMBEL
HROBEHITHCHEH, 7V 7RI NABLITFAY
BB f L xiz—@iciGl L AR 2824 L0k
VEVWIHRASE TN goFr o BEREOT ITRY
AN A 2K 2 Mgtk o L85 &80z, 3000m LHE
LD L2000m KM REIZE LT RPLRIFTH 2.
ZOFREREEIIOLDOTHE LMLV, 20
W AES TE v, WM E - TFE s h A iitkigd
ETFHCTEEORBAELEPE Lhzud, Y Z
D& LEHMECHLA TAEOREIFHL 5 5 W5
HIZIELA LW,

HBBEEZ BT, HEEEE FoisSmE
BRATSEBMEBETHS.? LAL, RHEHBIZI-T
BRE:nIEEVHFEERGHHE, 525 (HREES
L ERVEBHLNG.Y HMEOERHNREICSTS
FM1 & L CRBHREORESITRBEZZ DG, COBE
DOUOHEEEIZ B 115 BEBRIEE A MI0E L HHE L~

LEILNS. ZOfEBMMELE, SMERTCELLL
boENd2E0Ew, ChizstLc22olR#2 5
ha., 1213, FAEBRE -V THEEEORTAFE

PRLZof5 tBMMFERLAZwIZ22Ths. BR
BEERHBCFERCRE T LI REHFZOHEM
FXF T 0B bh s, HikREHIBIE, RIS
BRLABSINVLGEATHRBLAZSCENERET, 4
ERUEBRLACELELASNE. ZhE TOERT
i, ERCHHBRE LI LIHUEOVTDEERE
EhTw3. 4——o0EIL6NAHHIE, KENEESE
B » 70 - 94 LA LCHLTREFHEE
FELEAPILALZVEVIZETHS. BHEORBRD
fodhiziE, EERAICHE YT s 2w ETH
ArubhTtwad., RIHRCEVHEEEEDETF LA
ADMREIZA 7N H f LA MR L T
TAIELIEEEINTVLE. P 2RIk, Wts 2



virus in the lungs of mice with radiation-induced depression
of antibody synthesis has been reported?' “** The results
may support the concept that irradiated animals become
partially tolerant to the influenza virus. Since the appear-
ance of type Al influenza virus in Japan, epidemics due
to this type virus frequently occurred. These circum-
stances may favor a persistent type Al influenza virus
infection in the heavily irradiated in utero subjects. Reasons
for the inordinately long duration of impaired antibody
production in the heavily irradiated in utero subjects are,
however, a subject for future investigation.

SUMMARY

The effect of atomic bomb radiation on antibody production
was studied among persons living in 1961 who were
exposed while in utero to the atomic bomb in either
Hiroshima or Nagasaki. They were inoculated with an
Asian influenza virus vaccine. The relationship between
the distance from the hypocenter at the time of the
bomb and production of complement-fixing antibody to
various types of influenza A virus was observed. The
doctrine of original antigenic sin was applied to determine
the effect. Patterns of the antibody levels in the grdup
beyond 3000 m suggested that the virus of primary infection
in the survivors was tvpe Al. Significantly reduced A1l
tvpe serum antibody levels were noted in both pre- and
postvaccination sera of the subjects within 2000 m from
the hyvpocenter in Nagasaki.

The effect of previous radiation exposure appeared much
more clearly in heterotypic antibody response following
Asian influenza vaccination, that is, the antibody responses
to type Al viruses were almost completely suppressed in
the subjects exposed within 1600 m in both cities despite
the fact that the antibody responses to type A viruses were
similar to those in the group beyond 3000 m. In contrast,
homotypie antibody response to Asian type virus was
rather enhanced in the subjects within 1600 m.
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