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The endemic juvenile cardiomyopathy known as Keshan disease occurs in regions
of China with poor selenium nutrition, but a role for an infectious agent was
suggested by seasonal changes in disease incidence. Mice fed a selenium-deficient
diet suffered more heart damage than normal mice when infected with a myo-
carditic coxsackievirus B3 (CVB3/20). Increased heart damage was also observed
when CVB3/20 was inoculated into vitamin E-deficient mice. Feeding diets defi-
cient in either vitamin E or selenium allowed an amyocarditic coxsackievirus
(CVB3/0) to become myocarditic. When CVB3/0 was harvested from deficient
mice, passed through HeLa cells and inoculated into normal (non-deficient) mice,
it retained its increased cardiovirulence. Virus obtained from the selenium-defi-
cient mice contained six nucleotide changes in the genome compared with the
input strain. This is the first report of a nutritional deficiency driving changes in a
viral genome. Host nutritional status could have important public health impli-
cations for the spread of influenza, hepatitis, polio and perhaps even AIDS.
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KESHAN DISEASE, SELENIUM AND
INFECTION

In 1979, Chinese scientists described an endemic juve-
nile cardiomyopathy known as Keshan disease that is
associated with poor selenium nutrition and could be
prevented by improving the selenium status of the
population at risk (Keshan Disease Research Group,
1979a). Indicators of low selenium intake in the endemic
areas included low blood and hair selenium content and
low levels of selenium in the foods typically consumed
in such regions. The low selenium content of the food
supply was attributable to the selenium-poor soils in the
Keshan disease zones. Plants do not appear to have a
nutritional requirement for selenium and their selenium
content tends to reflect whatever amount is available for
uptake from the soil.

Widespread selenium supplementation in the deficient
areas protected against heart damage so it is clear that
selenium deficiency plays a fundamental role in the
development of Keshan disease (Keshan Disease
Research Group, 1979b). However, some features of the
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disease, such as pronounced seasonal and annual
fluctuations in its incidence, could not readily be
accommodated solely on the basis of selenium status
(Yang et al., 1988). Rather, it was suggested that some
infectious agent might be involved and a number of
viruses, particularly enteroviruses, were isolated from
patients suffering from Keshan disease. One such virus,
coxsackievirus B4, was tested for cardiotoxicity in mice
fed diets of varying selenium content. Ge et al..(1987)
found that the cardiopathology induced by the virus
was much greater in selenium-deficient mice than in
normal mice.

SELENIUM AND VIRAL MYOCARDITIS

More recently, Beck ef al. (1994a) found a similar effect
of selenium deprivation in mice infected with CVB3/20,
a virulent strain of the coxsackievirus B3. Heart damage
appeared more rapidly and was more pronounced in
selenium-deficient than in normal mice. Cardiac viral
titers were also higher in the deficient mice, thereby
providing a likely explanation for the increased heart
pathology in these animals.
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The mechanism by which the virus causes greater
damage in selenium-deficient mice is not clear, but
selenium deficiency is known to have direct effects on
the cardiomyocytes of several species as well as effects
on the host’s immune system. For example, myocardial
degeneration is a characteristic feature of selenium—
vitamin E deficiency in the young of several animals
including swine, sheep, cattle and horses (Combs &
Combs, 1986). Perhaps the increased heart damage due
to viral infection in selenium-deficient mice is merely a
function of a generalized decreased metabolic stability
of the cardiac muscle in such animals which renders their
cardiac tissue more vulnerable to a variety of environ-
mental insults, including attack by an infectious agent.
On the other hand, selenium deficiency is known to have
a number of deleterious effects on humoral as well as
cell-mediated immune functions (Combs & Combs,
1986). Of course, any impairment in immune response
could allow the virus to elude host defense systems and
replicate more freely, as found in our experiments.

Under our conditions selenium deficiency did not
appear to interfere with the ability of the host to mount
a satisfactory humoral response since neutralizing anti-
body production was similar in CVB3/20-infected mice
regardless of their selenium status.

Although natural killer (NK) cell activity was slightly
depressed in CVB3/20-infected selenium-deficient mice
compared with infected adequate mice, the small differ-
ence in NK function observed was not thought to be
sufficient to account for the great differences noted in
cardiopathology. However, appreciable differences in
splenocyte function were seen between the deficient and
supplemented group. Splenocytes from CVB3/20-infected
selenium-deficient mice responded less vigorously to
mitogenic (concanavalin A) or antigen-specific (CVB3/20
antigen) stimulation than infected supplemented mice.
Whether this defect in lymphocyte proliferation represents
the mechanism that allows the CVB3/20 to exert its greater
cardiotoxic effect in selenium-deficient mice is a ques-
tion that can only be answered by additional research.

Beck et al. (1994b) next turned their attention to the
effect of selenium deficiency on the pathogenicity of a
benign strain of the coxsackievirus (CVB3/0) that nor-
mally causes no heart damage in mice. As expected, in
these experiments the hearts of the selenium-supple-
mented CVB3/0-infected mice appeared perfectly normal
and exhibited no evidence of pathology. On the other
hand, if the CVB3/0 were given to selenium-deficient
mice, the virus caused significant heart damage. Again,
the cardiac viral titers were significantly higher in the
deficient group when compared to the supplemented
group. As in the case of the CVB3/20-infected mice, the
CVB3/0-infected mice all developed similar neutralizing
antibody titers regardless of their selenium status.

SELENIUM AND VIRAL EVOLUTION

In order to determine whether the enhanced virulence of
the CVB3/0 seen in the deficient mice was due to a

genetic change in the amyocarditic virus, viruses were
isolated from selenium-deficient and -adequate mice
infected with the benign strain. When the virus was iso-
lated from the deficient host and reinoculated into
normal mice, it was still found to exhibit significant
myocarditis. Thus, passage of the benign virus through
a deficient host had altered its ability to cause heart
damage in a subsequent normal host. The most
straightforward explanation for this result was that
passage of the benign strain through a deficient host had
changed the genetic make-up of the virus.

Characterization of the nucleotide sequence of the
benign CVB3/0 that had been passed through a sele-
nium-deficient mouse (now called CVB3/0Se~ by Beck
et al., 1995) revealed that the newly virulent virus had a
genome that acquired the base composition of the wild
type virulent strain (CVB3/20) at six of seven positions
that are known to influence virulence in the coxsack-
ievirus. As far as the authors were aware, this was the
first report describing a change in the genetic structure
of a virus as influenced by the nutritional status of the
host. In the past, whenever nutritionists talked about
nutrition—infection interactions, the discussion always
focused on effects of host nutritional status on the host,
not the pathogen. Yet the results of Beck et al. (1995)
clearly show that host nutrition can have a profound
influence on the pathogen infecting the host as well, even
to the point of altering the genetics of the pathogen itself.

The mechanism by which host selenium status altered
viral genetics is not established but it should be realized
that many of the effects described here due to selenium
deficiency are also seen in vitamin E-deficient mice
(Beck et al., 1994c¢). Moreover, the effects of vitamin E
deficiency on coxsackievirus virulence are further exa-
cerbated by the concurrent feeding of fish oil, a known
pro-oxidant stressor. The simplest explanation for all
these virulence-enhancing effects due to host nutritional
manipulation (selenium deficiency, vitamin E deficiency,
fish oil supplementation) is that host oxidative stress is
somehow altering viral expression within the host.
Additional research will be needed to determine whether
host oxidative stress is accomplishing this by directly
stimulating the mutation rate of the virus to a more
virulent form or by allowing conditions favorable for
the selection of an already mutated virulent form to
dominate. In either case, the end result is the same:
nutritional status has permitted the emergence of a
virulent virus.

ROLE OF HOST OXIDATIVE STRESS IN
OTHER VIRAL DISEASES

If the results of Beck et al. (1995) with the coxsackie-
virus are applicable to other RNA viruses, these find-
ings could be highly significant from the public health
point of view. For example, Pace & Leaf (1995) have
recently summarized the information favoring the
hypothesis that oxidative stress may be implicated in the
progression of HIV disease. Several antioxidants,
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including selenium and vitamin E, occur in lower con-
centrations in HIV patients than in healthy people.
Markers of oxidative stress such as serum malondial-
dehyde and hydroperoxide levels are also elevated in
individuals infected with HIV. The pathogenesis of
HIV could be exacerbated by host oxidative stress by a
number of interrelated mechanisms including stimulation
of viral replication, increased inflammatory response or
decreased immune proliferative response. Obviously, the
numerous investigative leads generated by the novel
research of Beck and colleagues should be pursued vig-
orously.
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