Good Nutrition Benefits All—

Except Viruses

deficiency can weaken one’s de-
fenses against microbes. But what
does it do to the actual microbes?

Seven years ago, Melinda A. Beck, a
virologist at the University of North
Carolina, addressed this question with
Agricultural Research Service nutrition-
ist Orville A. Levander. According to
Levander, who helped establish the first
Recommended Dietary Allowance for
selenium, Chinese scientists had noticed
that a serious heart muscle inflammation
attributed to selenium deficiency intheir
country fluctuated from season to sea-
son and year to year.

This suggested that an infectious
agent—possibly a virus—might be in-
volved in the disease, which hits infants
and children. So the Chinese scientists
looked for and found a virus in those

| t's well known that a nutritional
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Virologist Allen Smith (left) and food scientist Paul South examine micea—sed in studies of

the effects of nutrition on viral pathogenesis.
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patients. It was a virulent strain of cox-
sackievirus—named after Coxsackie,
New York, where it was first isolated.
Levander teamed up with Beck’slab-
oratory to learn how selenium deficien-
cy and coxsackievirus interacted. They
showed that anormally innocuous strain
of coxsackievirus—the B3/0 strain—
mutated into a heart-damaging pathogen
in mice raised without any selenium add-
edtotheir diets. The samething occurred
if the mouse dietslacked vitamin E, also
an antioxidant. Theirs was the first re-
port showing that ahost nutritional defi-
ciency could turn aharmless microbeinto
a pathogen. (See “Nutrient Deficiency
Unleashes Jekyll-Hyde Virus,” Agricul-
tural Research, August 1994, p. 14.)
Such mutations could have global im-
plications. According to Levander, who
iswith ARS Nutrient Requirementsand
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Chemist Orville Levander and support
scientist Caty Guidry prepare a specially
formulated mouse diet to be used in studies
of nutrition/infection interactions.

Functions Laboratory in Beltsville,
Maryland, Americans get the recom-
mended levels of seleniumintheir diets.
But there are pockets of selenium defi-
ciency around the world that might be
generating mutated viruses.

Levander says, “The association
between famine and epidemics has been
noted throughout history. However,
scientists have always focused on the
effects of nutritional deficiencies on the
people themselves, never on theinvading
pathogen.”

Beck and L evander wondered whether
other viruses were susceptibleto changes
in the oxidative environment of their host
cells. Together with researchers at the
Nestlé Research Center in Lausanne,
Switzerland, Beck and her co-workers
challenged mice with a normally mild
form of influenzavirus—an influenzaA
strain that originated in Bangkok in 1979.
Like coxsackieviruses, the genome of
influenza viruses is composed of RNA,
rather than the more stable DNA com-
mon to bacteriaand all higher organisms.

Earlier this year, the group reported
that this mild influenza strain caused
more severe flu in mice raised on a
selenium-deficient diet than in animals
fed adequate amounts of this essential
trace element. What’s more, a careful
look at the genome of the virus taken
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from the lungs of the selenium-deficient
mice showed that 29 of the bases had
mutated in a gene segment thought to
affect virulence. By contrast, no mu-
tations were found in the same gene
segment of the virus taken from mice
raised on a selenium-adequate diet. The
selenium level in the deficient diet was
only about 1/60 that of the adequate diet.

“Our work points to the importance
of antioxidant protection against viral dis-
ease,” says Beck. She speculatesthat in-
creased oxidative stressin the mice—due
to selenium deficiency—may have
caused oxidative damagetothevirus ge-
nome, making the virus more virulent.

Beck says that new strains of flu vi-
ruses arise each year because the genes
tend to shuffle places, and those that code
for the viral antigens are highly suscep-
tible to mutation.

“But the mutations resulting from se-
lenium deficiency occurred in a normal-
ly stable part of the genome, making them
all the more remarkable,” Beck notes.

MoreViral Vagaries

Even before the influenza studies
began, Argentine microbiologist Ricardo
M. Gomez, at the University of Buenos
Aires, wondered if selenium deficiency
would alter the effect of avariety of hu-
man viruses from unrelated families on
mice hearts. He and Levander tested two
other coxsackieviruses—B1 and A9—an
echovirus, and a herpes simplex virus.
The herpesvirus is potentially more sta-
ble, sinceit'saDNA virus. Ten days after
exposing the animals, Gomez inspected
their hearts—with mixed results.

Selenium-deficient mice had more
heart damage from the echovirus and the
B1 coxsackievirus than the animals
getting ample selenium. But it was the
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Lung pathologies of two mice infected
with influenza and given a selenium-
adequate (left) or selenium-deficient diet
(right). The diseaseis severein the
selenium-deficient mouse.

reversein animalsinfected withthe DNA
herpes simplex virus: The selenium-
deficient micefared better. Intheanimals
infected with the A9 strain of coxsackie-
virus, selenium status had no effect.
Whether or not any of the viruses mutated
under the strain of selenium deficiency
isasubject for further research.

These results, concludes Gomez,
indicate that selenium status selectively
influences the degree of virus-induced
heart damage. They a so demonstrate that
a nutrient deficiency can affect a range
of viruses and may have important
implications for public health, says
Levander. He adds that the phenomenon
might also apply to certain animal and
plant viruses.

Does Competition Boost Virulence?

Selenium confers its antioxidant pro-
tection mainly through two enzymesthat
contain it—glutathione peroxidase and
thioredoxin reductase. So Levander and
his co-workers wondered whether other
metal sthat competefor the selenium site
in these enzymes might worsen infection.
They chose to work with the innocuous
coxsackievirusB3/0strain usedin Beck's
earliest studies.

Levander and food scientist Paul K.
South, now with the Food and Drug Ad-
ministration, chose mercury—aprevalent
environmental contaminant—asthe com-
petitor. The metal isknown to reduce ac-
tivity of both antioxidant enzymesin test
animals, and it increases oxidative stress.

South says 90 percent of the mice
given the highest dose of mercury
alone—right at their limit of tolerance—
survived. But the survival rate plunged
to 36 percent of the mice exposed to both
mercury and the innocuous coxsackie-
virus. About one-third of the infected

mice given the highest dose of mercury
had more severe heart damage, and their
hearts had higher numbers of virus.

Gold isanother selenium competitor,
known to reduce the activity of one of
the antioxidant enzymes. That prompted
virologist Allen D. Smith and Levander
to test two gold-containing compounds,
aurothiomalate and aurothioglucose.
Both are prescribed to treat rheumatoid
arthritisin people.

Smith saw similar pathological trends
in the mice he injected with aurothio-
mal ate but not inthe animalsgiven auro-
thioglucose. He says both compounds
inhibited the activity of the antioxidant
enzyme thioredoxin reductase to about
the same extent. So aurothiomalate is
producing its lethal effect through some
route other than as a selenium com-
petitor. “It's probably affecting the im-
mune system directly,” he says.

Ditto for mercury. Whilethe high dose
did reducethe activity of both selenium-
containing antioxidant enzymes in
different organsto different degrees, “it's
morelikely that mercury has some effect
on immune function,” says South. He
suspects the toxic stress of the mercury
allowed the virusto replicate at ahigher
rate—By Judy McBride, ARS.

This research is part of Human Nu-
trition, an ARSNational Program (#107)
described on the World Wide Web at
http: //mww.nps.ar s.usda.gov.
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