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I ntroduction

Trace elements are essential in human and animatistion. They play a major role in
health, immunity and reproduction. The productibmdk or meat as well as the housing and
management conditions of high-performing animals ganerate oxidative stress and health
troubles in cattle. Some trace elements and vitanfiave an anti-oxidative action and
increase immunity. The most important trace eles@émtcattle are selenium (Se), copper
(Cu), zinc (Zn), iodine (1), cobalt (Co), molybde(o), manganese (Mn) and iron (Fe). Co
Is associated with vitamin B12 synthesis in theeonso the assessment of Co deficiency can
also be done by measuring vitamin B12 blood comagaoh. The Mo is particularly known
for his antagonist effect on Cu absorption. Regaydvin and Fe, these two elements are
generally not deficient in cattle but often in esgén the feed.

Are trace elements deficiencies important in cattle practice?

During the last 20 years, a discrepancy has beserobd between the animals’ need and the
amount of trace elements given by the ration. Thegnesses in genetics and cattle
performance, as well as the impoverishment of dudlge accentuated this disequilibrium.
This has consequences on animal’s health, repriotiuahd productivity. Numerous papers
have described the negative effects of trace elesyaficiencies on cattle’s health (Graham,
1991). In Europe, trace elements deficiencies aveadays widely spread in cattle. A recent
study (Guyot et al., 2009) presented the Belgiamdegzpiology of Se, Zn, Cu and |
deficiencies in herds with health problems, comgare healthy herds. As expected, lower
blood trace elements concentrations were foundhirealthy herds. These concentrations in
Belgian herds were compared to those in Ireland Fnacice with similar values (Mee and
Rogers, 1994; Enjalbert et al., 2006). These restdn be extrapolated to other European
countries, as the depletion in the soils and thgtimun of cattle is similar.

Why to diagnose?

There is a wide range of symptoms associated wégitetelement deficiencies and thus the
clinical signs are not pathognomonic. The labosatsr needed to confirm the diagnosis.
Moreover, most of the time, the deficiencies ardtiple (Guyot et al., 2009) and it is
important to know the elements that are deficienbider to adequately correct and avoid
competition between minerals. Finally, some trdeenents are synergetic, thus the situation
might be exacerbated if only one of the 2 minemalgiven to face the deficiency (Guyot et
al., 2011).

How to diagnose?

*Samples

As previously mentioned, the clinic signs are ndtisient to make a diagnosis. Laboratory
analyses are needed to confirm the diagnosis afieliety. Moreover, samples must be taken



directly from the animals rather than from feedstifecause the availability and absorption
of minerals as well as amounts fed to cattle catelyivary.

Different type of samples can be taken from animblsod, milk, urine, hair or tissues
(principally liver). Blood is the most frequentlgkten and analysed. Blood samples are easily
taken and the modern techniques of assay are a&ecpracise, sensitive and fast enough to
make a good diagnosis. The inductively coupledrmpéas mass spectroscopy (ICP-MS) has
recently proven its efficacy at this point of vieMiost of the time, blood is centrifuged and
plasma or serum are used for ICP-MS assays. Exoeftu (plasma > serum), plasma and
serum values are similar. The blood is generallgany indicator of the deficiency phase as
serum/plasma represents the transport pool of theral. Milk can give an idea of the trace
mineral status of a lactating herd. It is very emsgample but limited to certain elements (Se,
). Urine samples are of low interest, mainly doethie disparity of urine density and thus,
concentration within a day. Furthermore, refereraigges are missing. Hair is may be the
easiest sample to collect however the accuracsaoételements determination in this sample
is poor and subject to external contaminationsaliinfor some elements (Cu, Co), liver
biopsies can be helpful in precisely determiningcér elements status of animals.
Nevertheless, the liver biopsy is often consideasdcomplicated and risked for patients by
numerous European practitioners. Farmers are alserglly reluctant to this procedure.

*Sampling

It is not the goal to remind the blood samplinggeure or liver biopsy, but to focus on the
misinterpretation that can be made from wrong samplhe major risk is of course the
haemolysis that can falsely increase Se, Cu angl@ma/serum concentrations. The delay
between sampling and analysis may also lead te faisults. A long delay will increase the
risk of haemolysis but also the diffusion of Senfrerythrocytes (contained in glutathione-
peroxidase) to serum/plasma. The activity of enzynge.g. glutathione-peroxidase or
superoxide dismutase) may also decrease withrtiee tinally, some tubes with rubber plugs
may contain Zn, leading to a false increase ofrpéserum Zn concentration. Specific plastic
tubes, without rubber and free of trace of minesaisuld be used.

Diagnosis of trace elements deficiencies in cattleuld be done at a herd level because this is
clearly a herd disease. The diagnosis consistgatuating the nutritional status of the herd.
For determining a disease, sick animals shoulésted. Thus, for assessing nutritional status,
healthy animals should be taken. At a herd lewslegal healthy animals must be chosen for
sampling. The number depends on the deficiencygieece and the intra-herd variation of
trace elements concentration. According to diffeearthors, this number fluctuates from 7 to
15 (Herdt, 2000; Herdt et al., 2000; Guyot and RpR007). Animals to be sampled must be
selected to form a homogeneous group in the tgogeulation. Analysis can be made
individually or by pool. The pool has the advantagée less expensive. It is accurate if the
number of selected animals is sufficient (aboutabfmals) and if the group of sampled
animals is homogenous. One pool per target populag necessary. Nevertheless, pool is
effective on plasmatic Se, Zn, Cu, |, but is useles determining activity of glutathione-
peroxidase in erythrocytes (GPX), superoxide-disgseit(SOD) or thyroid hormones. While
using pool, attention must be paid in the intedieh of results if outliers (heterogeneous
group) are present in the sampled population. iregd, if the group is homogeneous, an “all-
or-nothing” rule is applied as the majority of sdegpanimals (>70%) are either deficient or
healthy (Guyot et al., 2009).

*Source of variation
Haemolysis is a huge source of variation as ifiadlly increases plasmatic Cu, Zn and Se
concentrations. GPX and SOD in the red blood cmistain various amounts of these trace



elements. Inflammation and diseases, as the Cwicamg ceruloplasmine, an inflammatory
protein, will secondarily increase plasmatic Cu cantration, acting like a positive acute-
phase protein. Concomitantly, a decreased plasnzaticconcentration will occur while
inflammation is present. Inflammation has also ampact on Se metabolism and thyroid
hormones (e.g. Euthyroid Sick Syndrome). Otheri@gctsuch as gestation, range of lactation,
age (calvesrersus dams) may influence blood trace elements levetsat-Bipping with I-
containing products of | interfere with the diagisosf | deficiency (in milk or plasma) by
trans-cutaneous absorption of I. The administratbrsome deworming drugs (closantel,
nitroxinil) in cattle will also increase, for a deilong period, the plasmatic I. The
concentration of Se in milk can vary depending lo& form of Se given in the ration with
more Se transferred to colostrum or milk while cded selenomethionine compared to Na-
Selenite. Moreover, at equal dosage of Se in tbé, fieplasmatic Se and, in a lesser extend, the
activity of GPX, reaches higher concentrationsefesomethionine is given in the ration,
compared to Na-Selenite. The correlation betweeK &Rl plasmatic Se is well described in
the literature; however this correlation may chaageording to the form of Se as well. In any
form of Se, following an oral supplementation, phasic Se will increases gradually to reach
a steady state between 30-60 days, while GPX wiitinue to progressively increase at least
up to 120 days (Guyot et al., 2007c).

* Analyses and inter pretation

Evaluating trace mineral status on blood or anisni$sues is subject to some limitations and
variations. Two different ways are often preseptedmining nutritional status (e.g. plasmatic
or hepatic concentration of the trace element)unmctional status (e.g. thyroid hormones,
GPX, SOD). Even the thresholds are often discus3éw table 1 proposes different
thresholds for assessing nutritional and functistatus of the major trace elements Se, Zn,
Cu, I and Co. According to the Fig.1, they haverbelosen considering the concentration of
trace elements needed in order to optimize heatlfare, food quality and productivity and
not just avoiding clinical diseases or barely réaghN.R.C. requirements (NRC, 2000 and
2001). Beside this, the blood or tissue (e.g. )ivepresents different pools of trace elements
in the body. When dietary intakes are not suffiti¢ine pools of storage and transport will
decrease, respectively, but they must be depletddréd seeing dysfunction and disease
(Fig.2). Ideally for the diagnosis, the storage lpmast be sampled but in practice, it is not

always accessible.
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Table 1: Threshold for plasma zinc (Zn), plasma pesp(Cu), activity of glutathione

peroxidase in erythrocytes (GPX), plasma selenife),(serum cobalt (Co), plasma thyroxine

(T4), plasmatic inorganic iodine (PII) in blood aldine (I) in milk for adult cattle (Herdt et

al., 2000; Guyot et al., 2007c; Guyot and RollifQ2; Guyot et al., 2009; Guyot et al., 2011).
Herd Zn Cu GPX Se Co PlI T4 Milk |

status (umol/L) (umol/L) (IU/gHb) (ug/L) (ng/L) (ug/L) (nmol/L) (ug/L)
Adequate  14-21 13-18  220-600 80-14017-2 45-650 30-120 80
Marginal 8-14 8-13 75-220 65-80 - 15-45 20-30 30-80
Deficient <8 <8 <75 <65 - <15 <20 <30

* Jpecific diagnosis for Se, Cu, Zn, | and Co
° Selenium
Serum/plasma Se is good indicator of dietary imt&asma Se is a nutritional marker
that quickly increases (within 2-6 days) after aapplementation (Ellis et al., 1997).
For functional marker, or long-term marker, theagsef GPX in red blood cells is
often used. Because the Se-containing GPX is foratetthe time of erythrocyte’s
development, the GPX activity allows determiningss&tus of the 100-120 previous
days (mean of half-life of red blood cells). AsiSeavell transferred from dam to calf,
the cow in late gestation will show lower Se plastoacentration. After calving, Se
levels will progressively increase in the dam. &tves, a higher proportion of Se is in
the GPX rather than the plasma, so the GPX a@svdre higher and plasma Se lower,
compared to their dams (Guyot et al., 2011). | &mppntation has an impact on Se
metabolism with low Se status while animals fedpdesmentary |, compared with I-
deficient diets (Pavlata et al., 2005; Guyot et 2011). Liver biopsy is also a good
means to assess Se status, if realisable. Fimalllg, Se can also be assessed but is
widely influenced by the form of Se given in théea (Guyot et al., 2007c).

° Copper

For Cu, the storage pool is the liver. It reflettts long-term availability of dietary Cu.
A decreased liver Cu concentration is an early eraok insufficient Cu dietary intake.
The most sensitive way to assess Cu deficiendyeiefore the liver biopsy, even if in
Europe, practitioners and farmers are unenthusiastithis method of sampling.
Instead, plasma/serum Cu is more often used. Bmsport pool is constituted by the
blood and, in a certain extent, also the functiqggadl. In fact, the ceruloplasmin, a
protein of inflammation produced by the liver, cins about 80% of the Cu in the
blood. Plasma Cu assessment seems to be better tiadim serum because a variable
amount of Cu may be captive in the clot. There @ievilinear relationship between
liver and blood Cu concentration. However, hepd@ie concentration must fall
drastically before a decreased blood Cu conceotratan be seen (Underwood and
Suttle, 1999). Plasma Cu is thus a late (long-temmayker of Cu deficiency but
remains useful to be performed at a herd leveh aftleast 10-15 animals sampled per
herd (Herdt, 2000). The SOD is a Cu-containing emzysometimes used in
determining Cu status but it is very delicate ttetipret. Milk Cu does not present
interest as Cu milk concentration is usually poor.



° Zinc

The storage pool for Zn is not well-defined, makihg evaluation of Zn status tricky.
Even if hepatic Zn concentration decreases afteng inadequate Zn dietary intake,
the liver Zn is not a good means for assessing @tus in cattle. Thus, the
plasma/serum Zn concentration is preferred bec#usereduced in Zn deficiency.
However, there might be dysfunctions (e.g. reddeed efficiency) before observing
a decreased serum Zn concentration. A low serurnafigentration is indicative of a
deficiency while a normal serum Zn does not necégsplead for a deficiency

(Underwood and Suttle, 1999).

° lodine

| deficiency can also be assessed by nutritionalfumctional markers. For the
nutritional ones, the most used is the plasmabeganic iodine (PII). The Pl reflects
the dietary | intake and its concentration fluctsatery quickly according to the | fed
in the ration. For functional markers, the hypadinalis-pituitary-thyroid axis is
investigated with thyroid stimulating hormone (TSHN)d total thyroid hormones
(thyroxine T4 or tri-iodo-thyronine T3) (Guyot et.,a2011). Huge variations can
physiologically exist (pregnancy, circadian rhythmrth, age) and are important to be
included in the interpretation of the status. Clahipathology laboratories can easily
assay thyroid hormones while there is no laboraddag to measure bovine TSH at the
moment. TSH, T4 and T3 are usually taken for diagrghypothyroidism, originates,
in cattle, mainly from | deficiency (Guyot et a2Q07a,b). Total blood | is constituted
with PII and | from thyroid hormones, setting theterpretation of a short-term and
long-term marker not obvious. Milk | can be used dssessing herd | status. It also
vary quickly with dietary I, but in a lesser extehtan PII. On the field, weighing
thyroid gland in (stillborn or goitrous) calves useful to appreciate | status. The
maximal weight of the gland has been determinedlasvs (Hernandez et al., 1972):
Y (weight of thyroid gland, in grams) = 0.348 %£%*(Z is the body weight, in kg).

° Cobalt

Co status in ruminants can be determined by Catamin B12 blood concentration.

Vitamin B12 is constituted with 4% of Co. The bloedncentration of these two
elements is very low, necessitating highly-perfergniechniques of dosage (ICP-MS,
radioimmunoassay, chemiluminescence, high-perfooamadiquid chromatography).

As liver contains the largest concentration of @ois the sample of choice and
represents the storage pool of Co. Neverthelesse tis a variable proportion of Co
that is not associated with vitamin B12, induciniginterpretation of Co status either
in liver or in blood. Correlation between serum &ud serum vitamin B12 is low.

According to these elements, the assessment ofadassSn ruminants, either in liver
or blood, is complicated and poorly reliable witloutine laboratory assays
(Underwood and Suttle, 1999: Herdt et al., 2000).

Conclusions

Trace elements deficiencies are frequent in Euiopeattle. As there are no pathognomic

signs, clinical pathology diagnosis is necessagm@ing at a herd-level increases the

reliability of the diagnosis, if samples are takieom a homogeneous group of healthy

animals. Blood is most often used because of gldrifeasibility on the field. But the storage

pool, that is the most effective one for assessingeral status, is not always represented by
the blood. Specific herd thresholds for determirtnage elements status in cattle must include
health, welfare, food quality and productivity.
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