Hepatitis B Virus and
Sex Ratio of Offspring

The response to hepatitis B virus infection in

parents is related to the sex ratio of their children.
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On a genetic basis, one would expect
the ratio of males to females at birth to
be one. In humans, this is not the case.
In most human populations there is an
excess of males born, and the secondary
sex ratio (the number of males per 100
females at birth) falls within a range of
104 to 107 (I). It is not known whether
this phenomenon is due to a high sex ra-
tio at conception, or to a high mortality
of female zygotes in the earliest stage of
pregnancy (that is, before pregnancy is
recognized). Observations on spontane-
ous abortions, stillbirths, and postnatal
mortality show that male mortality ex-
ceeds female by anywhere from 40 to 145
percent (2). Hence, by the time repro-
ductive age is reached the sex ratio is
closer to 100 (3, 4). It is probably this ra-
tio that is stabilized by natural selection
3-9).

There are geographic and racial dif-
ferences in secondary sex ratio. For ex-
ample, black populations have consist-
ently lower sex ratios at birth than non-
black populations (I, 6). However, sig-
nificant deviations from the range of 104
to 107 are infrequent in countries with
adequate ascertainment (I, 7). Temporal
variations in sex ratio have been ob-
served in relation to environmental fac-
tors, such as wars (8) and seasons (9);
but sustained changes in secondary sex
ratio probably occur too slowly to detect
3-9).

It has been suggested that a cultural
preference for offspring of one sex could
affect sex ratio. This has been seen in re-
gard to postnatal sex ratios in societies in
which a preference for one sex results in
infanticide of the other (/0). Birth con-
trol alone cannot affect secondary sex ra-
tio, however, because the probability of
a male at each birth is independent of the
sex of previous births. In contrast, if
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couples within a population vary in their
inherent or biological probability of hav-
ing a male, sex preferences, expressed in
terms of effective birth control, could af-
fect the secondary sex ratio (¢, 11).

Intrapopulation variations in sex ratio
have been attributed to genetic and envi-
ronmental as well as racial differences
(12, 13). Sanghvi (12) found an associa-
tion of the ABO blood groups of mothers
and their children with secondary sex ra-
tio. In both Bombay and New York, the
sex ratio of ‘O’ infants born to “O”
mothers was significantly higher than
that of ‘““A” infants born to ‘‘A”
mothers. Jackson et al. (13) found a rela-
tion between the Xg? blood group system
and sex ratio. Sex ratio was significantly
higher among offspring of Xg?+ father x
Xg®— mother matings than among those
of all other Xg? combinations. They sug-
gested that sensitization of Xgi—
mothers by Xg?+ female fetuses might
lead to a preferential loss of such em-
bryos. In a recent analysis of data from
the United States, Erickson examined
the simultaneous effects of mother’s age,
father’s age, mother’s race, birth order,
legitimacy, and paternal education on
sex ratio. The only significant effect de-
tected was a negative association betwen
birth order and secondary sex ratio (/4).

A relation between sex ratio of off-
spring and an infectious agent has been
observed in some species of Drosophila,
in which maternal infection with small
spirochetes, presumably treponemata, is
associated with a reduction in male (spe-
cifically single-X chromosome) offspring
(15, 16). This phenomenon appears to be
the consequence of a disturbance in the
development of male zygotes, resulting
in 50 percent mortality (15-17).

A relation between sex ratio of off-
spring and an infectious agent in a human

population was reported in 1975. Hes-
ser et al. (18, 19) found a significant
association between sex ratio of off-
spring and the responses of parents to in-
fection with hepatitis B virus (HBV) in a
Greek population. In this article, we re-
port our investigation of the relation be-
tween HBV and sex ratio, and suggest a
possible explanation for this phenome-
non.

Host Responses to HBV Infection

Hepatitis B surface antigen (Australia
antigen; HBsAg) is in the outer coat of
the Dane particle, the presumed virion of
HBV. Three types of particles (spheri-
cal, rod-shaped, and Dane particles), all
with HBsAg on their surfaces, may be
found in the blood of patients infected
with HBV. When infected, an individual
may respond by developing acute hepa-
titis, which is demonstrated by the tran-
sient appearance of HBsAg in his blood,
elevated serum transaminase, and some-
times jaundice. Infection is followed by
the development of antibody against
HBsAg (anti-HBs) and the resolution of
the viremia and clinical symptoms. In
some cases, however, people become
chronically infected with HBV, with
little evidence of liver damage and few
clinical symptoms. Many of these people
do not develop anti-HBs, and they may
be HBsAg(+) for years (20). Such people
are termed ‘‘chronic carriers”’ of HBV.
They may infect other uninfected per-
sons (by transfusion, for example) and
apparently are at increased risk of devel-
oping certain chronic liver diseases such
as chronic aggressive and chronic per-
sistent hepatitis, postnecrotic cirrhosis,
and primary hepatocellular carcinoma
@n.

HBY and Sex Ratio at Birth

HBYV can be transmitted from mothers
to offspring in the perinatal period, that
is, in utero, during, or soon after birth.
Infection early in life with HBV appears
to increase the likelihood of becoming a
chronic carrier of the virus (22), and ver-
tical transmission of HBV from mother
to child has been implicated as a major
mechanism for the establishment of car-
riers in at least one population (23).
Transmission from father to child has not
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Table 1. Number of male and female live births according to parents’ response to HBV (55).

Live births*

Parents’ response to HBV Couples Se{(T

(No.) Male Female ratio
Either parent HBsAg(+):anti-HBs(—) 33 60(1.82 + .22) 24(0.73 = .11) 250.0(161.1, 429.1)
Both parents HBsAg(—):anti-HBs(—) 29 51(1.76 = .24) 35(1.21 = .23) 145.7 (95.7,230.0)
Both parents HBsAg(—):either parent anti-HBs(+) 154 241 (1.56 = .10) 222 (1.44 = .10) 108.6 (90.5, 130.9)
Neither parent HBsAg(+):anti-HBs(—) and 16 25(1.56 = .39) 27(1.69 = .42) 92.6 (52.7,161.1)

either parent HBsAg(+):anti-HBs(+)

*The numbers in parentheses indicate the number of live births per couple (mean + S.E.).

in the sex ratio.

been studied extensively but appears to
be less common (24).

An association between hepatitis in-
fection and sex ratio at birth was pre-
viously suggested by Robertson and
Sheard, who found a relation between an
outbreak of hepatitis (of unknown etiol-
ogy) and a subsequent decrease in male
live births (25). Mazzur and Watson de-
scribed a high proportion of males
among siblings of HBsAg carriers in
Melanesia (26). In 1973, we studied dif-
ferences in sex ratio associated with
HBsAg in parents from the Greek village
of Plati in southern Macedonia (27).
When either parent was HBsAg(+) there
was a significantly higher sex ratio of live
births than when both parents were
HBsAg(—) (I8, 19, 28).

The original analysis of the Plati data
considered only the presence of HBsAg.
We subsequently hypothesized that anti-
HBs would be associated with a sex ratio
alteration opposite in direction to that as-
sociated with HBsAg. In this article, we
present an analysis of the Plati data, in-
cluding the data on anti-HBs as well as
other factors thought to affect secondary

sex ratio such as parental age, number of
years of marriage, and order of birth and
pregnancy. The conclusions from the
Plati data are compared to observations
from other studies showing an inter-
action of HBV with sex, and a hypothe-
sis explaining the interaction is pro-
posed.

Results from Plati

~ Serums were obtained from 326 wives
and 248 husbands, representing a total of
390 families. Reproductive histories, in-
cluding the number and sex of live births
and the number of abortions, were ob-
tained from all the women and from
those men whose wives were not avail-
able for the study. The sex ratio of the
1558 people (including parents and chil-
dren) ascertained in this community was
111. This may seem high, but it is not un-
usual for Greece and is not significantly
different from sex ratios encountered in
most human populations. The normal
range of sex ratios (from 104 to 107) falls
within the 95 percent confidence limits of
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Fig. 1. Least-squares fits for the regressions of sons and daughters as a function of the number of
years of marriage. By analysis of covariance (56), the number of sons per years of marriage is
significantly higher (P < .02) and number of daughters significantly lower (P < .02) for
HBsAg(+) as compared to anti-HBs(+) couples.
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+The numbers in parentheses indicate the 95 percent confidence limits

the ratio in Plati (from 100.4 to 122.7)
©).

Complete information, with respect to
HBYV serology and sex of all live births,
was available from 232 couples. These
couples were categorized according to
immune responses to HBV, as defined
by the presence or absence of HBsAg
and anti-HBs in the serum of each parent
(29). The sex ratio of offspring of 33
couples in which either parent was
HBsAg(+):anti-HBs(—) was :compared
to that of 183 couples in which both par-
ents were HBsAg(—). Among the 183
couples, the offspring of 29 couples in
which both parents were anti-HBs(—)
were compared to those of 154 in which
either parent was anti-HBs(+). There
were 16 couples in which neither parent
was HBsAg(+):anti-HBs(—), but at
least one parent was HBsAg(+):anti-
HBs(+). These 16 couples are included
in Table 1 but were excluded from fur-
ther analysis (30).

Table 1 shows that sex ratio of live
births was highest in families in which at
least one parent was HBsAg(+):anti-
HBs(—) [hereafter called HBsAg(+)
couples] (3I), intermediate in families
in which both parents were HBsAg(—):
anti-HBs(—), and, as predicted, lower
when both parents were HBsAg(—) and
at least one was anti-HBs(+) [hereafter
called anti-HBs(+) couples]. A sex ratio
of 145.7 may seem extreme for the
HBsAg(—):anti-HBs(—) ‘‘control’’ pop-
ulation, but the 95 percent confidence lim-
its include the normal range of 104 to 107
(Table 1). The corresponding limits for
the sex ratio of children of HBsAg(+)
couples do not include the normal
range. The sex ratio among the 16
HBsAg(+):anti-HBs(+) families is sim-
ilar to that of the anti-HBs(+) couples
and suggests that the effect of anti-HBs
overshadows that of HBsAg when both
are present in one parent (32). From the
analysis of these results (see Table 1), we
concluded that the hypothesis that anti-
HBs would be associated with a sex ratio
alteration in the opposite direction from
that observed with HBsAg was con-
firmed.

The relation between response to

SCIENCE, VOL. 201



HBYV in parents and sex ratio of offspring
was further characterized by comparing
the mean numbers of sons and daughters
born per family to each category of par-
ents. Table 1 shows that HBsAg(+)
couples had similar numbers of sons but
significantly fewer daughters per family
as compared to anti-HBs(+) couples
(P = .0007) 29).

Some sex ratio effects might be ex-
plained by other factors such as parental
ages, number of years married, birth or-
der, and fetal loss. Age is of particular
importance because differences in the
frequencies of HBsAg and anti-HBs by
age are well documented (33). We tested
the hypothesis that these factors could
account for our observations in several
ways. First, we compared the sex ratios
and mean numbers of sons and daughters
per family for only couples married more
than 15 years. In this way we could ex-
amine presumably ‘‘completed’” families
and therefore control for effects of pa-
rental ages and birth order. This sub-
group included 18 HBsAg(+), 17
HBsAg(—):anti-HBs(—), and 97 anti-
HBs(+) couples (for a total of 132 fami-
lies, more than 60 percent of the total
sample). Again, HBsAg(+) couples had
a significantly higher sex ratio (P =
.002), the same number of sons, and
fewer daughters (P = .002) than anti-
HBs(+) couples. We then compared
by analysis of covariance the least-
squares fits for the regressions of sons
and daughters as a function of number of
years of marriage. HBsAg(+) couples
had significantly more sons (P < .02)
and fewer daughters (P < .02) per num-
ber of years of marriage than did anti-
HBs(+) couples (Fig. 1) (3¢). The fact
that in HBsAg(+) couples total number
of sons per family was similar, but that
there were more sons per number of
years married than in anti-HBs(+)
couples, suggests that the HBsAg(+)
couples had sons earlier in marriage than
the anti-HBs(+) couples.

Figure 2 presents the proportions of
males born to HBsAg(+) compared to
the number born to anti-HBs(+)
couples; these data take into account pa-
ternal and maternal ages and pregnancy
and birth order (35). The HBsAg(+)
couples had consistently higher propor-
tions of male live births than anti-
HBs(+) couples, regardless of the ef-
fects of the other four factors. These
overall differences, as compared by the
Mantel-Haenszel method for stratified
analysis (36), were significant (see legend
to Fig. 2).

We considered two additional ques-
tions. (i) Although parental ages and
pregnancy and birth orders individually
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did not account for the relation between
response to HBV in parents and sex ratio
of offspring, could these factors account
for the phenomenon if considered simul-
taneously? (ii) What are the relative con-
tributions of parental response to HBV
and other reproductive factors to the sex
ratio of offspring?

To address these questions, we used a
weighted multiple linear regression anal-
ysis for estimating sex ratio (37). To sim-
plify interpretation, we modeled an ad-
aptation of the sex ratio statistic (number
of males divided by the number of fe-
males) on a logarithmic scale so that pos-
itive values of the log of the sex ratio in-
dicated more males and negative values
indicated more females. We considered
seven factors: HBsAg and anti-HBs in
mothers and fathers, total number of
pregnancies, fetal loss, and number of

years of marriage (38). An initial analysis
suggested that the presence of HBsAg in
parents favors males and that anti-HBs
in mothers favors females. However,
anti-HBs in fathers, total number of
pregnancies, number of years married,
and fetal loss did not have important ef-
fects on sex ratio. We then decided to
consider together the three HBV-related
factors—HBsAg in fathers, HBsAg in
mothers, and anti-HBs in mothers—as
one “HBV response’” variable. Anti-
HBs in fathers was disregarded since its
effect on sex ratio was negligible. This
HBYV response variable had three pos-
sible values: ‘“—1"" when both parents
were HBsAg(—) and the mother was
anti-HBs(+), ‘0" when both parents
were HBsAg(—) and the mother was
anti-HBs(—), and ‘‘+1"” when either par-
ent was HBsAg(+) [and anti-HBs(-)].
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Fig. 2. The proportion of male live births according to parents’ response to HBV, paternal (a)
and maternal (b) ages, and pregnancy (c) and birth (d) orders. Total numbers of children are
indicated at the baseline. The baseline is the proportion of males among all 633 children. The
absolute proportions of males are indicated by the crossbars in reference to the scale at the
right. The differences of each category from the baseline proportion are outlined by the en-
closed areas in reference to the scale at the left. The Z and P values (two-tailed) calculated
according to the method of Mantel and Haenszel (36) are as follows: (a) Z = 2.759, P = .006;
(b) Z = 3.088, P = .002; (c) Z = 3.187, P = .001; and (d) Z = 3.207, P = .001.
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This combined variable is significantly
related to sex ratio (x? = 5.20). In addi-
tion, fetal loss, although not significant
as an individual factor, or in relation
to anti-HBs(+) or HBsAg(—):anti-
HBs(—) mothers, appeared to be impor-
tant when considered in reference to
HBsAg(+) mothers. The sex ratio of
children born to HBsAg(+) mothers who
had experienced abortions or stillbirths
(or both) was noticeably lower than that
of children of HBsAg(+) mothers who
had not experienced fetal loss. Thus, a
““combined HBsAg in mothers:fetal
loss’’ variable took the values “‘—1"
when the mother was HBsAg(+) with
fetal loss, ‘0’ when the mother was
HBsAg(—), and ‘‘+1°° when the mother
was HBsAg(+) with no fetal loss. This
combined variable was also important in
predicting sex ratio (x? = 2.61). When

only the two combined variables are con-
sidered, the analysis predicts sex ratios
for five possible categories of parents.
Table 2 shows these five categories with
the total number of sons and daughters,
the observed sex ratio, and the sex ratio
predicted by a two-variable model with
the following equation: predicted sex
ratio = exp [0.319 + 0.296 X HBV re-
sponse + 0.553 x fetal loss].

By observation, the observed and pre-
dicted sex ratios are nearly equal. How-
ever, the model is descriptive and re-
quires further testing with another set
of data (39). Fetal loss in HBsAg(+)
mothers has only marginal statistical sig-
nificance, is based on a relatively small
sample size, and is indicative of the ten-
tative status of this model. Nonetheless,
the results of this analysis reject the hy-
pothesis that the relation between par-

Table 2. Sex ratio in Plati, observed and predicted by a two-variable model including HBV

response and fetal loss.

Sex ratio
, Daugh-
Parents’ category Sons ters Ob- Pre-
served dicted
Both parents HBsAg(—), mother anti-HBs(—) 112 86 1.302 1.376
Both parents HBsAg(—), mother anti-HBs(+) 146 140 1.042 1.023
Father HBsAg(+) 13 7 1.857 1.850
Mother HBsAg(+) without fetal loss 17 5 3.400 3.216
Mother HBsAg(+) with fetal loss 10 9 1.110 1.064
——— Either parent HBgAg(+):anti-HBs(—)
—= = Both parents HBgAg(—), mother anti-HBg(—)
....... Both parents HBsAg(—), mother anti-HBs(+)
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Fig. 3. Least-squares fits for the regressions of sons and daughters as a function of the number of

years of marriage; revised category definitions were used. By analysis of covariance (56), the
number of sons per years of marriage is significantly higher (P < .02) and number of daughters
significantly lower (P < .02) for HBsAg(+) as compared to HBsAg(—):mother anti-HBs(+)

couples.
690

ents’ responses to HBV and secondary
sex ratio can be accounted for by other
factors thought to affect sex ratio such as
birth order, parental ages, and number of
years of marriage. In addition, the analy-
sis suggests some new hypotheses. (i)
Anti-HBs has an effect on sex ratio only
when it is present in mothers with
HBsAg(—) husbands but not when it is
present in fathers only. (ii) Fetal loss is
important only in HBsAg(+) mothers
and, when it occurs, is accompanied by a
decrease in the generally high sex ratio
of offspring of other HBsAg(+) couples.
This suggests that, since HBsAg(+)
mothers without fetal loss have a very
high proportion of sons, those with fetal
loss experience a preferential loss of
males.

The regression analysis also suggested
that the three original categories of HBV
response be changed to the following: (i)
either parent HBsAg(+):anti-HBs(—),
(ii) both parents HBsAg(—):mother
anti-HBs(—), and (iii) both parents
HBsAg(—):mother anti-HBs(+). Fig-
ure 3 shows that these new category defi-
nitions yield clearer distinctions between
the least-squares fits for the regressions
of sons and daughters as compared with
the number of years of marriage than did
the original definitions (Fig. 1).

Other HBV-Sex Interactions

In considering possible explanations
for the association between parents’ re-
sponse to HBV infection and sex ratio of
offspring, we examined two other in-
stances in which HBV seems to interact
with sex.

1) There is a sex difference in re-
sponse to HBV infection. In most popu-
lations where the prevalence of chronic
carriers is high, HBsAg is detected from
0.2 to 5 times more often in males than in
females (33, 40). Similarly, both post-
necrotic cirrhosis and primary hepato-
cellular carcinoma are more common in
males (21, 41-43) and, although lupoid
chronic [HBsAg(—)] hepatitis is more
common in females, HBsAg(+) chronic
hepatitis is more common in males (44~
46). 1t has been argued that such dif-
ferences are due mainly to an increased
exposure of males to HBV infection ¢7).
However, we have recently demon-
strated that, among patients with end-
stage renal disease treated with chronic
hemodialysis, sex differences in HBsAg
prevalence are due to a sex difference in
response to HBV. We controlled the ex-
posure variable by studying the re-
sponses to HBV infection, by sex,
among 77 patients with renal disease, all
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of whom became infected with HBV
while receiving treatment at a single he-
modialysis clinic ¢8). Among these pa-
tients, males had a 68 percent chance of
remaining HBsAg(+) persistently once
infected with HBV, whereas females had
only a 33 percent chance. Conversely,
females had a 55 percent chance of de-
veloping anti-HBs once infected with the
virus, whereas males had only a 30 per-
cent chance. These differences in re-
sponse were significant and were not re-
lated to sex differences in age, under-
lying renal disease, or incidence of infec-
tion.

2) We found that the response of renal
graft recipients to HBV infection before
transplantation and the sex of their kid-
ney donors was associated with the dura-
tion of graft survival. We studied the sur-
vival of 87 grafts in 79 patients whose re-
sponses to HBV infection were assessed
before transplantation ¢9). Kidneys
from HLA nonidentical male donors
which were transplanted into male or fe-
male patients who had anti-HBs prior to
transplantation had very short survival.
Eight of nine such grafts were rejected
within 4 months of transplantation. Sur-
vival of grafts from male donors was sig-
nificantly longer in both uninfected pa-
tients and chronic carriers of HBsAg
(median survival for both groups was
more than 22 months). Among the few
patients who received grafts from female
donors, there were no significant dif-
ferences in graft survival between anti-
HBs(+), uninfected, and HBsAg(+) re-
cipients (50).

How Can HBYV Interact with Sex?

These two observations, together with
the results of the Plati sex ratio study,
led us to the hypothesis that there is
cross-reactivity between HBsAg and a
male-associated antigen (57). If HBsAg
cross-reacts with a male-associated anti-
gen, males would be more likely to rec-
ognize HBsAg as ‘‘self”” and therefore
would remain HBsAg(+) persistently.
Females, however, would be more likely
to recognize HBsAg as ‘‘foreign’’ and
produce anti-HBs. This would result in
the observed predominance of males
among chronic carriers of HBV in dial-
ysis patients and other populations. In
kidney transplant patients, tolerance to
HBsAg in kidney graft recipients would
result in tolerance (that is, longer surviv-
al) of male tissues, whereas anti-HBs in a
recipient would react with male antigens
on renal allografts, resulting in early re-
jection of grafts from male donors.

Similarly, we can speculate that toler-
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ance to HBsAg [reflected in the mainte-
nance of HBsAg(+):anti-HBs(—) sta-
tus] in pregnant women would result in
lack of sensitization against male tissues
developing within them, and therefore
good survival of male fetuses. Anti-HBs
in women, however, could react with
male antigens and perhaps hinder fertil-
ization by sperm bearing a Y chromo-
some or increase the probability of spon-
taneous abortion of male fetuses.
HBsAg(+) males would have HBsAg in
their semen which, conceivably, could
protect Y-bearing sperm from the effects
of anti-HBs or other ‘‘anti-male’’ anti-
bodies in their spouses’ reproductive
tracts (52). The effect of fetal loss in
HBsAg(+) women could be explained by
unhindered replication of HBV in male
fetuses, and this could result in a greater
loss of male than female embryos.

The cross-reactivity hypothesis can-
not explain all the observations from the
Greek study. If the effects of HBsAg and
anti-HBs were the only factors modi-
fying sex ratio, HBsAg(+) couples
would have more sons than anti-HBs(+)
couples (53). However, the observation
that, even among parents married more
than 15 years, HBsAg(+) couples had
the same number of sons but fewer
daughters per family as compared to
anti-HBs(+) couples suggests that hu-
man behavior is affected by hepatitis B
infection. In this Greek community most
younger women preferred small families
and practiced some form of birth control.
Also, in some parts of Greece a prefer-
ence for sons (as observed in many other
societies) has been reported (6). It is pos-
sible that parents chose to limit family
size only after bearing a desired number
of sons. If this were so, couples where
both parents were HBsAg(—) and the
mother was anti-HBs(+) might give birth
to several daughters before achieving the
desired number of sons while HBsAg(+)
couples would have the desired number
of sons early in marriage and, as a result,
restrict the number of subsequent births
and therefore the total number of daugh-
ters born. The sex ratio of offspring of
HBsAg(—) couples with anti-HBs(—)
mothers would be unaffected by this
preference since these couples express
neither of the factors (HBsAg, anti-HBs)
affecting sex ratio. If these explanations
are valid, then in this community biologi-
cal and social factors interact to influ-
ence the secondary sex ratio.

Conclusions

We have observed an association be-
tween the types of response to hepatitis

B infection in parents and the sex ratio of
their offspring. In either parent HBsAg
was associated with a high sex ratio of
live births, while anti-HBs(+) in mothers
was associated with a low sex ratio. Fe-
tal loss in HBsAg(+) mothers was also
related to a lower sex ratio. Other vari-
ables thought to affect sex ratio, such as
paternal and maternal ages (or number of
years of marriage) and total number of
pregnancies, were not significantly re-
lated when considered in the context of
HBYV response and fetal loss.

Evidence from studies of sex dif-
ferences in response to infection with
HBYV, and survival of transplanted kid-
neys in recipients with different re-
sponses to HBV, as well as the study of
sex ratio reported in this article led to the
hypothesis that there is cross-reactivity
between HBsAg and a male-associated
antigen. This hypothesis requires both
experimental and epidemiological test-
ing.

Very few biological factors that affect
sex ratio have been identified. Studies of
the kind reported here should be con-
ducted on other populations (54), and the
effects of additional infectious agents
and biological factors on sex ratio should
be evaluated.
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Fuel Reprocessing Still the Focus
of U.S. Nonproliferation Policy

While still a candidate seeking his par-
ty’s presidential nomination, Jimmy Car-
ter made nuclear nonproliferation a cam-
paign issue by calling for U.S. initiatives
to dissuade France and Germany from
exporting nuclear reprocessing plants.
Since he was elected to the presidency,
Carter has continued to press a non-
proliferation policy concentrated on pre-
venting the spread of commercial nucle-

692

ar technology which would make ‘‘weap-
ons-usable” plutonium more readily
available.

A major thrust of U.S. policy has been
to delay the rise of a ‘‘plutonium econo-
my’’ at least until safer international ar-
rangements for the management of pluto-
nium can be achieved. Carter set the ma-
jor lines of his policy in April of 1977
when he announced his decision that the
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United States would defer development
of the Clinch River breeder reactor and
completion of the nuclear fuel reprocess-
ing facility at Barnwell, South Carolina.
Domestic nuclear energy policy would
emphasize a ‘‘once through’’ cycle using
enriched uranium in thermal reactors
and the indefinite storage of reactor
wastes. Administration policy is based
on estimates that uranium supplies will
be adequate to the year 2000 and beyond
and that new technologies will improve
the efficiency of the thermal reactors.
Carter also recognized the doubts of
other countries about U.S. nuclear strat-
egy and concerns about their own ‘‘ener-
gy security’’ and called for a 2-year co-
operative study of ways to manage the
nuclear fuel cycle that would minimize
proliferation dangers. Carter won sup-
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