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Immunology is not a new science. In
1718, an English physician Edward
Jener documented the fact that milk-
maids who contracted cowpox were
then immune to smallpox. German sci-
entists in 1890 were the first to illus-
trate the mechanisms of immunity by
showing that blood serum taken from
animals immunized against diphtheria
could be used to transfer this immunity
to unimmunized animals. In the 1930s
the term "antibody" was coined to de-
scribed the antitoxins in serum that
caused the neutralization and precipi-
tation of toxins and lysis of bacteria. In
the past few years there has been a
great deal of research published show-
ing the key role of trace minerals in
maximizing immunological function.The
purpose of this review is to update the
nutrition professional to our current level
of understanding concerning the role of
copper, iron, selenium,chromium,cobalt
and zinc in the immunesystem.

Immune Function
To understand how trace minerals af-

fect immune competency,a brief review
of immune system function is in order.
The purpose of the immune system is
to render harmless a foreign agent
which may be a bacterium, protozoan,
virus or noninfectious entity such as a
chemical or toxin. The immune system
uses several methods to detoxify these
foreign agents or antigens. For exam-
ple, phagocytosis is a nonspecific im-
mune response in which a particle is
engulfed by a phagocyte and sub-
sequently digested. Phyagocytes are
present in the spleen, liver, and lung,
and circulate in the blood.

In contrast to the phagocytic system,
which lacks specificity and memory to
an antigen, the lymphoid organ de-
pendent immune system develops dif-
ferent antibodies for each antigen. The

major cell type involved is the lympho-
cyte, which can be found free in tissues
or blood, or concentrated in distinct or-

gans like spleen, lymph nodes, and thy-
mus gland. Depending on the organ of
origin, the lymphocytes will differentiate
to become B-cells or T-cells. Upon anti-
genic stimulation, these cells will pro-
duce specific antibodies that destroys
the antigen.

Trace mineral requirements are de-
termined largely by animal growth or
reproductive response, and not by the
ability of the immune system to re-
spond to a challenge. Usually, efforts
are made to minimize exposure to anti-
gens during the feeding studies used to
determine trace mineral requirements.
There is increasing evidence that the
concentrations of trace minerals re-

quired for healthy animals are often be-
low what is required for animals experi-
encing an immunological challenge.
Consequently, this review will focus pri-
marily on experiments where the trace
mineral concentrations are above what

would be present in the basal diet.

Copper
Copper level in the diet has been

shown to affect the resistance of sheep
to bacterial infections (Woolliams et aI.,
1986). The Scottish Blackface hill breed,
which is naturally susceptible to copper
deficiency, is highly vulnerable to mi-
crobial infections. Copper supplemen-
tation has increased their resistance

and survival rate. In one study with 65
Iambs, death losses varied from 2 to
10% in Iambs with less than 3.0 micro-

moles of copper per liter of blood, while
there were no losses in Iambs with

greater than 4.0 micromoles of copper
per liter of blood. In these studies, cop-
per deficiency did not decrease the
prevalence of microbial infection, but it
did decrease mortality. Infections, found
mainly in the gastrointestinal tract and
lungs, apparently were more damaging

because of enhanced inflammatory re-
actions when the Iambs were copper
deficient.

Resistance to internal parasites is
also compromised with copper defi-
ciency. For example, Hucker and Yong
(1986) found that copper deficient
Iambs inoculated with t. axei and t. colu-

briformis had maximum fecal egg
counts 2 weeks sooner and became

more hypoalbuminemia than Iambs re-
ceiving supplemental copper. The infec-
tion also reduced plasma copper levels
in the deficient Iambs, but not in the
copper supplemented Iambs. In Iambs
grazing areas with a parasite load, hav-
ing adequate copper in the diet is a key
to controlling the worm burden.
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Q. Wh.iph mi.oeral$?$houJ~ I be concerne~ with to prevent grass tetany .in

my lactating beef cows?
A. The best way to prevent grass tetany is to feed free-choice a mixture of equal

parts magnesium oxide: trace mineral salt and grain (corn, barley, etc) begin-
ning .two y,reeks t:>eforethe cows a(e turned out to pasture. The disease is
caused by excess potassiu mih the fOrage which prevents magnesiuQ71absorp-
tion. Magnesium oxide willprovide the magnesium and the salt willincrease the
sodium:potassium ratio in the rumen which improves magnesium absorption.

Q. Can I use a trace mineralized salt designed for beef cattle to feed my 4-
H Iambs?

A. It depends on the copper level in the trace mineral salt and the diet you are
feeding. To be safe, the total diet for sheep should be under 10 ppm copper.
Sheep are more susceptible to copper toxicity at levels which may just meet
the needs of cattle.

Q, Do horses exhibit "nutritional wisdom"? When given a choicewill ttley
select the appropriate amounts of each mineral, if I offer a variety of
mineral sources cafeteria style?

A. Generally, animals do not have the ability to consume only the amount re-
quired top:'\eetth~ir need forgiven minerals. Also, maQYof the puremineral
forms are not very palatable, and will not be consumed readily unless mixed
with the other feedstuffs. It is more likely your horse will get the balanced
nutrition you desire if you feed a balanced mineral supplement mixed with
the rest of the diet.

Q.Does particle size affect salt's ability to act as an intake regulator for
free-choice supplements being fed to cattle while grazing?

A. Yes. Usually a finer grind of salt work best. This is especially true if the sup-
plements are in the meal form. If the supplement is pelleted, salt particle
size may opt make much difference;

It is widely recognized that feeder
cattle from copper deficient areas are
less responsive to vaccinations for dis-
eases associated with shipping fever
compared to cattle that have had ade-
quate copper. Diets that are high in mo-
lybdenum and sulfur can compromise
the copper status of cattle by forming
insoluble complexes in the rumen.
Ward et al. (1993) reported that pro-
longed exposure to molybdenum (10
ppm) and sulfur (0.2% sulfur) de-
creased in vivo cell-mediated immune
function in feeder cattle. The lower (P
<.10) in vitro viability of lymphocytes
collected from steers receiving the mo-
lybdenum and sulfur suggeststhat these
cells are morefragile.These researchers
interpreted theirdata to suggest that cell-
mediatedimmunityis moresusceptibleto
molybdenumand sulfursupplementation
(decreased copper availability) than is
humoral immunity.

Because many factors affect the re-
sponsiveness of the immune system,
there are trials where copper deficiency
has not had much effect (Stabel et al.
1993). However these same re-
searchers indicated, that "viral and bac-
terial challenge of cattle can cause a
rapid transient increase in serum ceru-
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loplasmin and plasma copper in copper-
replete animals, suggesting a major pro-
tective role for copper in infectious dis-
eases." These researchers also showed

that copper concentrations in organs criti-
cal to the immune system such as the
liver, spleen, thymus, and lung were sub-
stantially reduced by copper deficiency.
These data help explain why copper defi-
cient cattle are at greater risk for infection
than are the copper supplemented cattle.

Iron
Iron is an interesting trace element in

that either a deficiency or an excess
can compromise the immune system. It
has been well documented that serum

iron falls early in response to bacterial
and viral infections and rebounds

quickly with recovery. This hypoferremia
is believed to be an important protec-
tive component of the acute phase re-
sponse to infection. With Pasteurella
haemolytica, a major respiratory patho-
gen of cattle and sheep, the iron-regu-
lated cell wall proteins have been iden-
tified as important vaccine components
because of their antigenicity. If iron is in
great excess, then the key proteins re-
quired to initiate recognition and anti-
body production may be masked.

This does not mean that iron defi-

ciency resulting in anemia will enhance
immunity. To the contrary, anemic ani-
mals are much more susceptible to in-
fections than those with adequate iron.
Once the infection is established, iron

supplementation has been shown to in-
crease the bactericidal activity of liver
and splenic marcrophages. For exam-
ple, chicks inoculated with S. Galli-
narum had increased (P <.01) survival
when iron (100 ppm of diet or more)
was added to a basal diet containing
200 ppm of iron. Anemia was found in
the diseased chicks three days post-in-
fection and continued through day nine
as measured by decreased hemoglobin
and hematocrits. However birds receiv-

ing additional iron, up through 600 ppm,
had less severe anemia and increased

antibody titres. These and other data in
broilers show that once the infection has

occurred, increased supplemental iron
enhances the immune system in destroy-
ing the invading organism.

Selenium
Selenium is recognized as an im-

monostimulant in swine, poultry and ru-
minants. Often selenium and vitamin E
are supplemented together because
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