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Abstract 

The effect of selenium (Se) supplementation, by ad libitum salt-mineral mixture (SMM) 

and/or Se injection, on bovine immune response was evaluated in three experiments. Sixty 

weaned beef calves, with marginal blood Se (67 yg Se/1), were allotted to one of six Se 

treatment groups in a 70-day experiment. Antibody responses to lysozyme were lower in 

calves fed 20 ppm Se salt-mineral mixture (SMM) ad libitum as compared to calves fed 20 

ppm Se SMM and injected with 0.1 mg Se + 1.0IU vitamin E/kg body weight, IM, or 

with calves ad libitum fed 80, 120, 160, or 200 ppm Se SMM. Blood Se on day 70 was 

higher in calves fed 80, 120, 160, or 200 ppm Se SMM than calves fed 20 ppm Se and 

injected with 0.1 mg Se + 1.01IU vitamin E/kg of body weight, IM. 

' An ad libitum 120 ppm Se SMM was compared to Se injection in 80 mid-gestation beef 

cows that were Se-deficient (50 tg Se/l blood). Supplementation with 120 ppm Se SMM 

increased blood Se in cows and calves to > 100 pig/l, increased IgG concentrations in 

colostrum, and increased IgG concentrations in serum of post-suckle calves. Calves from 

Se-adequate dams had higher Se concentrations in blood and higher average daily gains at 

60 days than Se-deficient calves injected with Se at birth. 

An ad libitum 120 ppm Se SMM was compared to Se injection in 60 Se-deficient (41 

ug Se/l blood) weaned beef calves in a 56-day experiment. Calves fed 120 ppm Se SMM 

and unsupplemented control calves had higher antibody responses to lysozyme than calves 

injected with 0.1 mg Se + 1.0 IU vitamin E/kg body weight. Blood Se concentrations 

increased in calves fed 120 ppm Se SMM, did not change in calves injected with 0.1 mg 

Se/kg body weight, and decreased in control calves. Se treatment did not affect IgA 

response in tears of calves.
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Chapter 1 

Introduction 

The correlation between inadequate nutrition and disease has been observed for 

centuries as famine and pestilence.! Scrimshaw et al., in 1959, proposed the concept that 

nutrition and immune function were synergistic.2_ The synergism is bidirectional: nutrient 

deficiencies may depress immune function which can lead to an increased chance of 

infection. Conversely, infection may increase nutrient requirements. Nutrient deficiencies 

are identified by the expression of classical clinical signs that resolve with nutrient 

supplementation. Past research has determined nutrient requirements for prevention of 

nutrient deficiencies and for maximum animal production. Nutrient thresholds for 

immunodeficiency, however, may be greater or less than levels required to prevent 

clinical signs of nutrient deficiencies. 

Infectious diseases cause significant economic losses in animal production systems. 

For example, the dairy industry in the United States loses an estimated $2 billion 

annually to mastitis? and the beef cattle industry loses an estimated $500 million annually 

to respiratory disease.4 Nutrient supplementation that promotes optimal immune function 

should reduce economic losses from the morbidity and mortality of infectious diseases. 

Berzelius discovered selenium (Se) over 170 years ago and named the metalloid for 

Selene, the Greek goddess of the moon.) Selenium was first identified as a toxicant and 

carcinogen; however in 1957, Schwarz and Foltz recognized Se as an essential nutrient 

for animals.> © Frost and Lish aptly described Se as "the least plentiful but most toxic 

trace element”! 

Soil Se content, which varies geographically, influences animal and plant Se status. 

Selenium toxicosis and Se-responsive disorders have been recognized in animals fed feeds



from high Se soils and low Se soils, respectively. 

Selenium is a component of the cellular enzyme glutathione peroxidase (GSH-PX) in 

animals, This enzyme reduces hydrogen peroxide and organic peroxides and thus protects 

cells from oxidative damage. Currently, GSH-Px activity is identified as the most 

important function of Se in animals. Glutathione peroxidase activity in blood is positively 

correlated to blood Se concentrations; therefore, blood Se concentration or blood GSH-Px 

activity is used to assess Se status of the bovine. 9 

Selenium supplementation enhances immune function of Se-deficient animals. 

Spallholz et al., in 1973, observed that oral Se supplementation enhanced primary 

immune responses in mice. 19 Selenium-deficient cattle have impaired immune function 

and Se supplementation has improved immune function of Se-deficient cattle.5 

The purpose of the present set of experiments was to evaluate the effects of Se 

supplementation on immune responses in beef cows and calves fed forages from a 

Se-deficient area.



Chapter I 

Literature Review 

Selenium in soils and plants 

Soil Se concentrations vary geographically but rarely exceed 500 ppm, thus Se ores 

do not exist. A variety of geologic materials contain Se and the earth’s crust averages 0.03 

to 0.08 ppm Se.!!_ Within the United States, both high (average 24.5 ppm Se) and low 

(average < 0.5 ppm Se) soil Se concentrations are found.> Cattle fed feeds grown on high 

Se soils have developed selenosis whereas cattle fed feeds grown on low Se soils have 

developed Se-deficiency. 

Selenium is found in the soil as organic Se, selenate salts, selenite salts, elemental Se, 

and metal selenides. Elemental Se, however, is nonexistent in most soils. Plants take up 

large amounts of selenate, moderate amounts of selenite, and small or no amounts of 

selenide or organic Se.}2 

Both inorganic and organic forms of Se are found in plants. The major inorganic form 

of Se in plants is selenate !3 and most organic Se in plants is in the form of selenoamino 

acids. Selenomethionine (SeMet) is the predominant selenoamino acid;!4 however, other 

rare selenoamino acids such as selenocysteine (SeCys), selenocystine and Se-methy]l 

selenomethionine are found in plants.15 

Plant uptake of Se varies among plant species. Plants that accumulate concentrations of 

Se that are toxic to animals, have been defined as obligate and facultative indicator plants. 

Obligate indicator plants such as Astragalus and Xylorrhiza require Se for optimal growth 

and can accumulate over 1000 ppm Se.!2. 16 Obligate indicator plants are unpalatable and 

are not grazed unless other feedstuffs are not available. Facultative Se indicator plants



such as Asters and Atriplex also accumulate toxic concentrations of Se. Facultative 

indicator plants do not require Se for growth and only accumulate Se from seleniferous 

soils. Cereal grains, like facultative indicator plants, accumulate Se if grown on 

seleniferous soils. On soils moderately low in Se, alfalfa accumulates more Se than 

grasses.> In the United States, plants that accumulate Se grow on seleniferous soils in the 

arid to semi-arid regions in the western plains states. Conversely, many forages and grains 

from soils of the pacific northwest, northern midwest, northeast and southeast regions of 

the country contain minimal amounts of Se. Figure 1 shows forage and grain Se 

concentrations in various regions of the United States.17 

Selenium metabolism in animals 

Selenosis 

Selenium was identified as a toxicant in 1936, 20 years before it was identified as an 

essential nutrient.!8 Selenosis has been described as three different syndromes; acute 

selenosis, Alkali Disease (chronic selenosis),!8 and Blind Staggers.!2 Clinical signs of 

acute selenosis in cattle that consumed Astragalus or Xylorrhiza were abnormal posture, 

watery diarrhea, dyspnea with bloody froth, cyanosis, respiratory failure, and death 

within hours to days of plant ingestion.!3 Acute selenosis has been experimentally 

reproduced in ewes and calves.!9-2! Dyspnea, depression, and death within 12 hours to 3 

days were observed in ewes and calves given 0.7 and 2 mg Se/kg body weight, 

respectively, as an intramuscular (IM) injection.!9-21 Blodgett and Bevill determined the 

LDs for IM injection of Se in sheep was 0.7 mg Se/kg body weight.!9 Intramuscular 

injection of 1 mg/Se kg body weight in calves, however, was non-toxic.2! Single oral 

doses of 9.9 - 20 mg Se/kg body weight have produced acute selenosis in ruminants.22
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Approximately 80% of forages and grains contain < 0.05 ppm Se 
  

  

    ~.*."a1 Approximately 50% of forages and grains contain < 0.1 ppm Se 
  

  
SS Approximately 80% of forages and grains contain > 0.1 ppm Se 

a Areas where Se accumulator plants contain > 50 ppm Se 

Figure 1. Forage and grain Se concentrations



Alkali Disease is associated with long term consumption of forages or grains that 

contain 10-30 ppm Se.}3 Clinical signs of Alkali Disease include weight loss; hair loss 

from manes, tails, and bodies; hoof growth aberrations; sloughing of hooves; anemia; 

and joint stiffness.13.22 Several authors have suggested that 5 ppm Se in rations can 

cause chronic selenosis;!6-22 however, Lopez et al. fed a 5 ppm Se diet to sheep for 97 

days and did not observe clinical signs of selenosis.23 

Blind Staggers has been related to consumption of Astragalus and Xylorrhiza. Clinical 

signs, which may not develop until weeks after exposure to these plants, are wandering, 

loss of voluntary muscle control, impaired vision, abdominal pain, paralysis, salivation, 

and respiratory failure that leads to death.22.24 Plants of the Astragalus genus, however, 

also produce locoweed poisoning. Van Kampen and James fed Astragalus bisulcatus to 

ewes and observed microscopic lesions associated with locoweed poisoning.25 The 

authors hypothesized that locoweed-like toxins, not Se content, were responsible for the 

syndrome Blind Staggers. 

Decreased appetite and growth rate have been observed in diets fed at the rate of 0.5 

mg Se/kg body weight to cattle26 and at 4-8 mg Se/kg ration in swine.2’ Clinical signs or 

lesions of selenosis were not found, thus decreased weight gains may be a subclinical 

indicator of selenosis. 

Selenium-responsive disorders 

The first evidence of a Se requirement came from a toxicity experiment in which Poley 

et al. observed growth promotion in chickens fed selenized grains.28 Schwarz and Foltz 

found in 1957 that Se was an essential component of a dietary fraction, named Factor 3, 

that prevented liver necrosis in rats.© Factor 3 was synergistic with vitamin E and



L-cystine; however, L-cystine was later found to be contaminated with minute amounts 

of Se.2? Since 1957, several Se-responsive disorders of ruminants have been described; 

nutritional muscular dystrophy,39.31 skeletal myopathy in adults,8,32,33 cardiac 

myopathy,24-35 abnormal cardiac conductivity,°© placental retention,>»37 infertility 8.32 

abortion, stillbirths,8 neonatal weakness,® diarrhea,® unthriftiness,8.34 periodontal 

disease,38.39 anemia and Heinz bodies,40 and decreased immune response.8 

Selenium-responsive disorders affect many body systems. Nutritional muscular 

dystrophy (NMD), also called white muscle disease, was the first Se-responsive disorder 

documented in ruminants.3! The pathogenesis of NMD involves degeneration and 

necrosis of various muscle groups. The clinical presentation of NMD in neonatal lambs 

and calves is related to location of the diseased muscle groups. Clinical signs of NMD and 

the muscles affected are lameness and reluctance to move (skeletal muscle of rear limbs), 

pneumonia (intercostal muscles and diaphragm), and sudden death (cardiac muscle). 

Clinical signs of NMD are accompanied by an increase in serum creatinine kinase and 

lactate dehydrogenase.’ Post-mortem lesions include grossly visible pale streaks in 

muscle and microscopically visible Zenker's necrosis and calcification of muscle. 

Nutritional muscular dystrophy is found in regions where feeds contain between 0.02 and 

0.03 ppm Se. Supplementation of cows and ewes with 0.1 ppm Se in the diet prevents 

NMD in calves and lambs.° 

Selenium deficiency has been associated with increased occurrence of retained placenta 

in dairy cattle. Although the pathogenesis of retained placenta is not understood, Se 

supplementation has reduced the occurrence of retained placenta in some dairy herds.41 

Selenium deficiency has also been associated with infertility and abortion.’ The causes 

of these reproductive disorders are multifactorial. Selenium deficiency, therefore, should 

be considered as only one causative factor.



Selenium absorption, retention and _ excretion 

Dietary selenoaminoacids and Se salts are absorbed in the small intestine. 

Selenoamino acids are absorbed through amino acid pathways, whereas Se salts (selenite 

and selenate) are absorbed by diffusion. Rumen microbes incorporate Se into bacterial 

proteins or reduce Se to forms that are unavailable.) 

The dietary form of Se influences retention and deposition in the body. SeMet is 

randomly incorporated into methionine residues of proteins thus SeMet may be found in 

any protein mass. SeCys, however, occupies unique positions in proteins and is not a 

simple cysteine replacement.42 SeMet and selenocystine may be converted to SeCys but 

the rate and importance of these conversions is unknown. Plasma selenite is absorbed by 

erythrocytes, converted to selenodiglutathione or hydrogen selenide, and excreted back 

into plasma.43 Porter et al. hypothesized that plasma proteins transport 

selenodiglutathione and hydrogen selenide throughout the body. 

In excretion pathways, organic and inorganic Se compounds are reduced to selenide 

which is then methylated. Trimethylselenide is the most abundant urinary Se metabolite.!5 

Dimethylselenide, a volatile metabolite excreted primarily through the lungs, is 

quantitatively important only at high doses of selenium.!4 The majority of ingested Se in 

ruminants is found in the feces whereas parenteral Se is excreted in the urine and feces. 

Handreck and Godwin determined that the Se excretion pattern in sheep dosed with oral 

[75Se] pellets was 1% in expired air, 30-50% in urine, and 50-70% in feces. 44 

Symonds injected [7>Se] into sheep and found 10% and 9.5-17% of the dose in the urine 

and feces, respectively. 45 

Sunde has developed a schematic for the metabolism of organic and inorganic Se 

(Figure 2). 46
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Biochemical roles of Se 

SeCys is found in the active site of the bacterial enzymes formate dehydrogenase and 

glycine reductase; and the mammalian enzymes GSH-Px and phospholipid hydroperoxide 

glutathione peroxidase (PHGPX).42,47 Other mammalian selenoproteins such as 10K 

muscle protein, Se-P protein, 20K bovine sperm protein and 130K plasma protein have 

been identified but their function is unknown.46 A selenouridine residue of tRNA in 

bacteria that codes for glutamate and lysine has also been identified.42 

Currently, GSH-Px activity is identified as the most important role of Se in mammals. 

The role of Se in GSH-Px was determined after the independant discoveries that Se and 

GSH-Px are antioxidants. Mills discovered bovine erythrocyte GSH-Px in 1959 and 

observed that it prevented oxidative breakdown of hemoglobin.48 Rotruck et al. observed 

in 1972 that dietary Se supplementation reduced hemolysis and hemoglobin oxidation of 

rat erythrocytes.49 Rotruck et al. hypothesized that Se was involved in the utilization of 

glutathione because erythrocytes from Se-deficient rats contained more glutathione than 

erythrocytes from Se-supplemented rats. One year later, Se was determined to be an 

integral component of GSH-Px.59 

Glutathione peroxidase protects the cell from oxidative damage by catalyzing the 

reaction: 2GSH+H,0, =GSSG +2 H,0.5! Glutathione peroxidase is a tetramer (mol 

wt = 80,000) with a single SeCys residue in each monomer.52 Each GSH-Px molecule 

binds two glutathione molecules thus a dimer is the functional unit.53 GSH-Px reduces 

organic hydroperoxides and hydrogen peroxide in the cytosol, however, GSH-Px is 

unable to reduce lipid hydroperoxides of membranes due to stearic hindrance. 

Ursini et al. discovered a membrane-bound enzyme (mol wt=20,000 K) that reduces 

phospholipid hydroperoxides and named the enzyme phospholipid hydroperoxide 

10



glutathione peroxidase.47 This enzyme contains one SeCys residue and may be similar 

to a single monomer of GSH-Px, however, this similarity can not be confirmed until the 

amino acid sequence of PHGPX is determined. 

Vitamin E and GSH-Px have synergistic activities. Rotruck et al. observed that Se 

protected against oxidative damage to erythrocyte membranes (hemolysis) and cytosol 

(hemoglobin oxidation) while vitamin E only protected against hemolysis.49 The partial 

synergism of Se and vitamin E is possible because PHGPX and vitamin E are present in 

the membrane, whereas GSH-Px is present in the cytosol. 

Another role of GSH-Px and PHGPX is regulation of cyclooxygenase and 

lipooxygenase peroxidation through removal of hydroperoxides. Selenium/vitamin 

E-deficient sheep produced more malondialdehyde, a product of cyclooxygenase and 

lipooxygenase pathways, as compared to Se/vitamin E-adequate sheep.°> Likewise, 

thromboxane By (cyclooxygenase pathway) and 12-hydroperoxyeicosatetraenoate 

(lipooxygenase pathway) concentrations were increased in Se-deficient rats as compared 

to Se-adequate rats.56 Mechanisms of inhibition or enhancement of cyclooxygenase and 

lipooxygenase products are not completely understood but may be an important 

biochemical role of GSH-Px. 

The mechanism of SeCys incorporation into GSH-Px, like other rare amino acids, is 

more complex than a simple insertion of SeCys during protein synthesis. Sunde et al. 

hypothesized that Se incorporation into GSH-Px was post-translational because excess 

selenite and excess selenide decreased [75Se]SeCys incorporation into GSH-Px, but, 

excess SeCys did not affect [75Se]selenite incorporation into GSH-Px.57 Chambers et al. 

determined that the nucleic acid sequence TGA, previously considered a nonsense or 

termination codon, coded for the SeCys moiety in murine GSH-Px.58 Mizutani and 

Hitaka, unable to demonstrate a tRNA that accepted SeCys, hypothesized that ribosomes 

11



inserted phosphoserine into GSH-Px and that phophoserine was converted to 

selenocysteine.5? Sunde and Evenson observed that radiolabeled serine was incorporated 

into GSH-Px.53 Serine was phophorylated and the phosphoserine was subsequently 

converted to SeCys while on phosphoserine tRNA or on the GSH-Px molecule. A 

phosphoserine apoenzyme of GSH-Px does not exist in circulation because GSH-Px 

protein content of plasma has been positively correlated to GSH-Px activity in both 

Se-deficiency and adequacy. © 

The dietary form of Se influences the rate and efficiency of Se incorporation into 

GSH-PX. SeMet was absorbed and retained in the body more efficiently than selenite, 

however, selenite was incorporated into GSH-Px more efficiently than SeMet.§! SeMet is 

indiscriminately incorporated into methionine residues in proteins, thus body proteins may 

be a sink that renders SeMet unavailable for GSH-Px production. Feed manufacturers 

chelate trace elements to amino acids to increase bioavailability of the element as compared 

to the inorganic form of the element. Selenite, however, is more available for GSH-Px 

production than chelated or "natural" Se in the form of SeMet. 

Assessment of Se status by GSH-Px activity or Se concentration 

Glutathione peroxidase is widely distributed in cattle tissues. Scholz et al. reported 

GSH-Px and Se distribution in Se-deficient calves fed diets that contained either 0.03, 

0.23 or 0.53 ppm Se.62,63 Se supplementation (0.23 and 0.53 ppm Se) increased 

GSH-Px activity and Se content of spleen, heart, erythrocytes, thymus, skeletal muscle, 

renal cortex, lung, adrenal glands, and liver. Selenium supplementation increased Se 

content of renal medulla, cerebrum, and plasma while GSH-Px activity did not increase in 

these tissues. Blood and plasma GSH-Px activity are shown in Table 1. Selenium content 

and GSH-Px activity of tissues are shown in Figures 3 and 4, respectively. 
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Table 1. Blood and plasma GSH-Px activity in Se-deficient calves 
fed Se-supplemented milk for 12 weeks. 

  

  

Dietary Se content Glutathione Peroxidase Activity 
(mg/kg total solids) Blood* Plasmat 

0.03 14.0 + 1.4 0.021 + 0.005 

0.23 53.1 + 7.9 0.020 + 0.001 

0.53 70.7 + 8.6 0.034 + 0.004 

Data expressed as mean + SEM 
* umoles of NADPH oxidized/min/g of Hb 
t umoles of NADPH oxidized/min/ml 
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Blood is the preferred sample to evaluate Se status in animals because both GSH-Px 

and Se are present in blood and blood is easier to sample than tissues such as liver and 

kidney. Selenium content and GSH-Px activity, however, differ between blood 

components, i.e. erythrocytes and plasma. Scholz and Hutchinson determined that 98.7% 

of blood GSH-Px activity in 146 Holstein cows was associated with erythrocytes whereas 

only 0.7% was associated with plasma. The authors also estimated that 73% of Se in 

blood was associated with the cellular component. Blood Se is positively correlated to 

erythrocyte GSH-Px in sheep and cattle; however, correlation indices (r2) range from 

0.25 to 0.94,64-70 

Erythrocyte GSH-Px activity was positively correlated (r2=0.90) to serum Se 

concentrations in 15 Holstein herds from Se-deficient and Se-adequate regions of the 

northern midwest.7! Serum Se concentrations ranged from 33 to 599 g/l and serum Se 

status of many cows appeared to indicate selenosis (> 400 ig Se/1 ); however, no clinical 

signs of selenosis were observed. Blood Se concentration was positively correlated to 

plasma Se concentration in dairy cows (12 = 0.932); but plasma GSH-Px activity was 

not highly correlated to plasma Se concentration. 

Selenium repletion and depletion 

The correlation between blood Se concentration and GSH-Px activity is influenced by 

the dynamics of Se and GSH-Px metabolism. Blood and plasma Se concentrations are 

positively correlated to GSH-Px activity when Se balance is zero, i.e. neither increasing 

or decreasing. Parenteral Se supplementation, however, repletes Se concentrations and 

GSH-Px activity of different tissues at different rates. Thompson et al. injected calves 

with either 0.1 or 0.2 mg Se/kg body weight and monitored changes in Se concentrations 
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and GSH-Px activity.72 Liver and serum Se concentrations increased rapidly and then 

decreased with mean half lives of 22 and 28 days, respectively. Blood Se concentrations 

increased rapidly but declined slower than serum Se concentrations. Erythrocyte Se 

concentrations and GSH-Px activity increased slowly and remained adequate months after 

plasma and liver Se concentrations had declined. Cohen et al. monitored Se repletion of 

Se-deficient children that had chronic gastrointestinal disease. Intravenous 

supplementation of 240 pg Se/day increased plasma GSH-Px activity to normal in 4-5 

weeks; however, erythrocyte GSH-Px activity did not increase until 4-6 weeks and 

increased slowly over the next two months.73 

Oral Se supplementation alters blood Se concentrations and GSH-Px activity. Plasma 

and liver Se concentrations and plasma GSH-Px activity changed rapidly in New Zealand 

dairy calves that grazed Se-deficient, then Se adequate, and then Se-deficient 

pastures.97 Erythrocyte Se concentrations increased rapidly in calves on Se-adequate 

pastures but decreased with a longer half-life than liver or plasma Se concentrations. 

Siddons and Mills observed that plasma GSH-Px activity increased and then decreased in 

calves fed a Se-supplemented diet (0.25 ppm Se) while blood GSH-Px activity increased 

throughout the experiment. 74 

Selenium status of animals at the time of supplementation also affects repletion rates of 

different tissues. Injection of 5 mg Se increased erythrocyte GSH-Px activity and blood 

Se concentrations in Se-deficient pregnant Holstein heifers; however, the injection did not 

increase erythrocyte GSH-Px activity in Se-adequate heifers.75 

In summary, plasma and liver Se concentrations and GSH-Px activity replete and 

deplete rapidly (days to weeks), blood Se concentrations replete rapidly (days to weeks) 

but deplete slowly (months), and erythrocyte GSH-Px activity repletes slowly (weeks to 

months) and depletes slowly (months). 
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Plasma and erythrocyte GSH-Px 

Human plasma and erythrocyte GSH-Px are antigenically distinct. Anti-human 

erythrocyte GSH-Px antibodies inhibited all GSH-Px activity in human erythrocytes and 

most GSH-Px activity in platelets.60 The anti-erythrocyte GSH-Px antibodies did not 

inhibit plasma GSH-Px activity. Conversely, anti-plasma GSH-Px antibodies did not 

inhibit erythrocyte GSH-Px activity.76 

The liver produces most plasma proteins and is the probable source of plasma 

GSH-PX. Anti-erythrocyte GSH-Px antibody, however, precipitated 70% to 94% of 

hepatic cytosolic GSH-Px activity in humans.’’ Hepatic cytosolic GSH-Px, therefore, 

contains an antigenic determinant similar to erythrocyte GSH-Px. Takahashi et al. 

hypothesized that plasma GSH-Px is liver GSH-Px that is glycosylated and antigenically 

changed as it is released into plasma.”7 

Antigenic determination of bovine erythrocyte and plasma GSH-Px has not been 

described; however, the similarities in GSH-Px kinetics between humans and cattle would 

suggest that erythrocyte and plasma GSH-Px are distinct proteins in cattle. 

Other proteins with GSH-Px-like activity 

Other proteins alter accurate assessment of GSH-Px activity. For example, 

glutathione-S-transferase reduces peroxides with glutathione.’78 GSH-Px and 

glutathione-S-transferase are found in bovine renal cortex, renal medulla, testes, lung, 

adrenal glands and liver; however, only GSH-Px is found in bovine spleen, heart, 

erythrocytes, plasma, cerebrum, thymus, adipose, and skeletal muscle.62:63 Glutathione 

peroxidase reduces organic hydroperoxides and hydrogen peroxide whereas 

glutathione-S-transferase reduces organic hydroperoxides but does not reduce hydrogen 

peroxide.’8 Therefore, hepatic GSH-Px activity should be assayed with hydrogen 
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peroxide to eliminate interference from glutathione-S-transferase. Hemoglobin also 

reduces hydrogen peroxide with glutathione.!5 Burk et al. stated that hemoglobin can alter 

the measurement of blood GSH-Px activity in guinea pigs, cattle and humans.’? Gunzler 

et al. developed a coupled test procedure for GSH-PX that removes hemoglobin 

interference. 80 

In summary, multiple factors can affect the assessment of Se status of animals. Maas 

has proposed an interpretation guide, based on bovine blood, for deficient, marginal, and 

adequate Se status (Table 2). 8 

Selenium supplementation of cattle 

Parenteral and oral Se supplements are used to treat Se-deficient cattle and to prevent 

Se-responsive disorders. Barium selenate and sodium selenite have been used as 

parenteral Se supplements.81-83 Oral Se supplements have included selenized water,8!, 84 

intraruminal soluble glass boluses,85-87 Se bullets or pellets, 81.87-89 Se-fortified protein 

supplements, and Se-fortified salt-mineral mixtures. 90-95 

The Food and Drug Administration (FDA) regulates Se as a food additive and, in 1987, 

issued regulations for Se supplementation of beef cattle: (1) the maximum level of Se in a 

complete feed is 0.3 ppm Se; (2) animal unit consumption rates of limit fed supplements 

(e.g. protein supplements) are not to exceed 3 mg Se /head/day; and (3) salt-mineral 

mixtures can contain up to 120 ppm Se and can be fed at a rate not to exceed 3 mg 

Se/head/day.96 
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Table 2. Evaluation of selenium status of cattle 

  

  

ugh umol/) mU/mg heme/min 
Deficient < 40 < 0.51 <15 

Marginal 50 - 60 0.63-0.76 15 - 25 

Adequate > 70 > 0.89 25 - 500 

Adapted from Maas 8 
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Selenium and immune function 

Selenium deficiency and/or supplementation alters immune function. 

Kiremidjian-Schumacher and Stotzky reviewed the effects of Se deficiency and Se 

supplementation on immune responses in various species and reported: 

"A deficiency of Se has been shown to inhibit (1) resistance to microbial and viral 

infections, (2) neutrophil function, (3) antibody production, (4) proliferation of T and B 

lymphocytes in response to mitogens, and (5) cytodestruction by T lymphocytes and 

Natural Killer (NK) cells. Supplementation with Se has been shown to stimulate (1) the 

function of neutrophils, (2) production of antibodies, (3) proliferation of T and B 

lymphocytes in response to mitogens, (4) production of lymphokines, (5) NK 

cell-mediated cytodestruction, (6) delayed type hypersensitivity reactions and allograft 

rejection, and (7) the ability to reject transplanted malignant tumors." 97 

Seifter et al., in 1946, identified Se as a carcinogen, 98 but the diagnosis of cancer in 

the experiment has been questioned.9? Currently, Se is more often described as an 

anticarcinogen.!00 Medina reviewed 39 studies and reported that Se inhibited cancer in 

34 studies, had no effect in 3 studies and promoted cancer in 2 studies. 101 

Selenium and GSH-Px metabolism in the immune system 

Leukocyte metabolism of Se and GSH-Px differs from plasma and erythrocyte 

metabolism of Se and GSH-Px. Human neutrophil GSH-Px is antigenically similar to 

erythrocyte GSH-Px because anti-erythrocyte GSH-Px antibodies precipitated 

approximately 90% of neutrophil GSH-Px activity.©9 Leukocytes, however, differ from 

plasma and erythrocytes in GSH-Px activity, rate of GSH-Px repletion, and Se content. 
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Scholz and Hutchinson determined that bovine leukocyte GSH-Px activity was 0.7% of 

blood GSH-Px activity but GSH-Px activity per cell was 4 times higher for leukocytes 

than erythrocytes.©4 

The rate of GSH-Px production differs among plasma, erythrocytes and neutrophils. 

Parenteral Se supplementation of Se-deficient humans increased plasma GSH-Px activity 

by 10%/day, neutrophil GSH-Px activity by 5%/day, and erythrocyte GSH-Px activity by 

0.75%/day.192 Cohen et al. hypothesized that the liver rapidly produces plasma GSH-Px 

but neutrophil and erythrocyte GSH-Px activities increase relative to the cell replacement 

rate in circulation.!92 Aziz et al. observed, however, that Se supplementation in vitro 

increased blood, serum, and neutrophil exudate GSH-Px activity in Se-deficient goats. 193 

Human neutrophils accumulate more Se than erythrocytes. Supplemental Se increased 

median human neutrophil Se content from 4.9 to 12 ppm Se (dry matter basis) but did 

not increase blood GSH-Px activity.!04 Conversely, GSH-Px activity is lower in 

neutrophils of Se-deficient cattle as compared to neutrophils of Se-adequate cattle. 105,106 

The chemical form of Se influences Se uptake by lymphocytes. Porter et al. observed 

that human lymphocytes absorbed more protein-bound Se than selenite.43 Karle et al. 

evaluated GSH-Px activity in phytohemmagglutinin (PHA) stimulated human 

lymphocytes that were cultured with different Se sources. 107 (Table 3) Lymphocytes 

absorbed more SeMet than other sources of Se, however, the increase in GSH-Px activity 

among Se sources was lowest for SeMet. The discrepancy between Se uptake and 

increased GSH-Px activity for SeMet may be explained by the non-discriminate 

incorporation of SeMet into proteins whereas selenite and SeCys are the preferred 

substrates for GSH-Px. 
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Table 3. The effect of Se source on change in GSH-Px activity in 
phytohemagglutinin-stimulated human lymphocytes. 

  

  

Se source in media Change in GSH-Px activity 

Control - No Se Decreased 67% 

SeMet Decreased 55% 

Selenate Decreased 45% 

Selenite Increased 7% 

SeCys Increased 79% 

Adapted from Karle107 

23



Selenium and immune function in ruminants 

Selenium-deficient cattle have impaired immune responses and Se supplementation has 

enhanced immune responses of Se-deficient cattle. Research on the effect of Se 

on immune response in ruminants has focused on neutrophil function, mastitis, humoral 

immune responses, and lymphocyte function. 

Neutrophil function. Selenium deficiency decreases neutrophil bacteriocidal activity 

and variably affects neutrophil phagocytic activity. Neutrophils from Se-deficient Friesian 

steers fed a 0.01 ppm Se diet had decreased ability to kill ingested Candida albicans as 

compared to neutrophils from steers fed a 0.1 ppm Se diet.106,108,109 Neutrophils from 

cows (serum Se 43 pg/l) injected with 20 or 35 mg Se killed more Staphylococcus 

aureus than neutrophils from Se-deficient cows (serum Se 32 pg/l).!119 Neutrophil 

phagocytosis was not influenced by Se status in either of these studies. Selenium-deficient 

pygmy goats, however, had decreased neutrophil phagocytosis of opsonized zymosan in 

a chemiluminescence assay and in vitro or in vivo Se supplementation increased neutrophil 

phagocytosis.103,111 Chemiluminescence measures the respiratory burst activity of 

neutrophils thus a decrease in chemiluminescence may have indicated either a decrease in 

the number of particles phagocytized or a decrease in respiratory burst. Selenium-deficient 

bovine neutrophils also have decreased concentrations of bactericidal enzymes 

myeloperoxidase, alkaline phosphatase, and acid phosphatase. 109 

The decreased bacteriocidal activity of Se-deficient neutrophils has been linked to 

decreased production of toxic oxygen radicals. Neutrophils from Se-adequate steers 

reduced more nitroblue tetrazolium (NBT) than neutrophils from Se-deficient steers. The 

increased reduction of NBT indicated an increase in superoxide production. !06,108 

Zymosan-stimulated neutrophils from Se-deficient cattle consumed less oxygen and 
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reduced cytochrome c at a lower rate than neutrophils from Se-adequate cattle.112 

Furthermore, neutrophils from Se-deficient cattle produced less hydroxy radical adduct 

of 5',5'-dimethyl-1pyrroline-N-oxide (DMPO) than neutrophils from Se-adequate cattle. 

Arthur demonstrated that hexose-monophosphate shunt activity, which generates 

NADPH for oxygen radical production, was decreased in neutrophils from Se-deficient 

calves.!105 In a later paper, Boyne described these findings as impaired production of 

OH’, although this conclusion was not made in the original paper.109 

Selenium-deficiency impairs neutrophil chemokinesis (random neutrophil migration) 

and chemotaxis (leukotaxis in response to chemotaxins). Neutrophils from a Se-deficient 

pygmy goat and her 2 kids had decreased chemokinesis and chemotaxis as compared to 

neutrophils from a Se-adequate age-matched nanny and her kid.!03 GSH-Px activity of 

blood, serum and neutrophil exudates of the Se-deficient goats was decreased compared to 

Se-adequate goats. Selenium supplementation in vitro or in vivo increased neutrophil 

chemotaxis but only in vivo Se supplementation increased neutrophil chemokinesis. 103 

Aziz et al. estimated that 0.347 mg of Se / 2.5 X 107 neutrophils was the optimal in vitro 

Se concentration for neutrophil function. 

The calcium ionophore, A23187, stimulates neutrophils to release 

di-hydroxyeicosatetraenoic (di-HETE) acids. Leukotriene B4 (LTB4), a di-HETE acid, is 

a potent stimulator of neutrophil chemotaxis. Stimulated neutrophils from Se-adequate 

goats produced supernatants that enhanced chemotaxis as compared to supernatants 

produced by stimulated neutrophils from Se-deficient goats.!11.113 In addition, 

neutrophils from Se-deficient goats produced less LTB4 than neutrophils from 

Se-adequate goats and neutrophil chemotaxis was positively correlated (r2 = 0.85) to 

LTB4 concentrations.!113 Selenium injection (0.06 mg Se/kg body weight) of the 

Se-deficient goats increased neutrophil chemotaxis; however, Se treatment in vitro did not 
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increase chemotaxis of Se-deficient goat neutrophils. Aziz et al. hypothesized that 

LTB4-induced neutrophil chemotaxis in goats was GSH-Px- independent. 

Mastitis. Selenium deficiency in dairy cows is associated with an increased occurence 

of mastitis.114 Selenium injection of dairy cows (0.1 mg Se/kg body weight), 21 d 

prepartum, reduced duration of clinical signs of mastitis by 46% compared to non-injected 

cows (ration < 0.06 ppm Se).!15 Prevalence of intramammary infections with major 

pathogens was negatively correlated to mean blood Se concentrations (r= -0.66) and 

mean GSH-Px activity (r= -0.62) in 32 Pennsylvania dairy herds. Herds with low somatic 

cell counts (<150,000 cells/ml) had higher mean blood GSH-Px activity and blood Se 

concentrations than herds with high somatic cell counts (>700,000 cells/ml).!16 Dairy 

herd management, however, may have confounded the correlation between blood Se 

concentrations and mastitis in the herds. Good managers may use Se supplements and 

mastitis control programs whereas poor managers may not use Se supplements or mastitis 

control programs. 

Prostaglandin concentrations in mastitic cows are negatively correlated to erythrocyte 

GSH-Px activity.!17 Mastitic cows had higher plasma and serum PGE), PGF,,,, and 

TXB, concentrations than normal cows. Low GSH-Px activity may predispose cows to 

mastitis which results in prostaglandin production or, mastitis-induced prostaglandins may 

consume GSH-PX.!17,118 

Humoral immune responses. Dietary Se supplementation has increased and decreased 

antibody responses of cattle. Selenium-supplemented calves, from separate trials (diets 0.2 

and 0.1 ppm Se), had higher serum IgM concentrations than Se-deficient calves after 

inoculation with either infectious bovine rhinotracheitis virus (IBRV) or Pasteurella 

hemolytica.119-121 Se treatment, however, did not alter serum IgG concentrations. Calves 

that were supplemented with Se (diet 0.2 ppm Se) had higher anti-IBRV antibody titers 
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than unsupplemented control calves. 119 In a different experiment, Se-supplemented 

calves (0.1 ppm Se in diet), however, had lower antibody titers to Pasteurella hemolytica 

than Se-deficient calves. 120,121 

Parenteral Se supplements have also variably affected antibody response. Calves given 

two injections of Se (12.5 mg Se / inj.) had higher postvaccinal agglutination lysis titers to 

Leptospira pomona than untreated calves.!22 Parenteral Se and vitamin E supplementation 

increased serum IgG and/or anti-Pasteurella hemolvtica titers in feedlot steers in a series 

of 5 trials.123 Se injection (15 mg Se/head) of stressed (movement through typical feeder 

calf market channels) Angus steer calves, however, did not alter antibody titers to 

vaccination with modified-live IBRV and parainfluenza-3 virus (PI3V).!20 

Oral Se supplementation has increased antibody titers in lambs. Se-supplemented 

lambs (0.2 ppm Se in diet) had increased serum IgM concentrations on days 14, 35 and 49 

after intratracheal inoculation with PI3V as compared to unsupplemented lambs. Se 

supplementation did not affect serum IgG concentrations or anti-PI3V titers.124 

Na selenite and SeMet supplementation of lambs (0.1 ppm Se in basal diet) increased 

primary and secondary antibody responses to PI3V and secondary antibody response to 

Corynebacterium pseudotuberculosis, The only significant increase in titer, however, was 

found in lambs injected with 0.1 mg Se / kg body weight.!25 Treatment groups were small 

(n=3), which decreased the power of the separation tests for means. 

Parenteral Se supplementation has also increased antibody titers in sheep. Gestating 

ewes injected with 100 mg Ba selenate had higher titers to tetanus toxoid than control 

ewes. Lambs from the Se-supplemented ewes also had higher tetanus titers.!25 Jelinek et 

al. reported increased titers to Brucella abortus and rabbit red blood cells in wethers 

supplemented with a Se pellet, but Se treatment did not enhance titers to Corynebacterium 

pseudotuberculosis toxoid.!26 
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Lymphocyte Function. Selenium supplementation has variably affected lymphocyte 

function. The following mitogens have been used to evaluate lymphocyte blastogenesis 

in Se studies in cattle and sheep: Phytohemmagglutinin A (PHA) and Conconavalin A 

(ConA) for T Cells and Pokeweed Mitogen (PWM) for B and T cells. 

In vitro Se supplementation has increased lymphocyte blastogenesis. Blood 

mononuclear cells from Se-adequate Holstein heifers were cultured with various 

concentrations of Se and mitogens. Selenium concentrations of 50-400 g/l enhanced 

blastogenesis to PWM but supplementation of 800-3200 Lig/l of Se inhibited proliferation 

regardless of the mitogen.!27 Turner et al. observed that lymphocytes from Se-deficient 

and Se-adequate lambs had higher mitogenic responses to both PHA and PWM when 

cultured with Se-adequate serum compared to Se-deficient serum. /n vitro addition of 

selenite to cultures also increased blastogenic response. !28 

Selenium supplementation in vivo has variably influenced lymphocyte blastogenesis. 

Selenite supplementation of 0.1 and 0.5 mg Se / kg diet (basal diet 0.13 ppm Se) increased 

blastogenic response of lamb lymphocytes to PHA and PWM but seleno-DL-methionine 

supplemented at 1 mg Se/kg diet decreased blastogenic response to PHA, PWM, and 

Con A.129 Selenite enhanced blastogenic response compared to seleno-DL-methionine at 

all levels of supplementation. Gestating ewes injected with 100 mg Ba selenate had 

increased lymphocyte blastogenesis to PHA and PWM.!29 PHA-induced blastogenesis 

was higher in lymphocytes in Se-adequate wethers as compared to Se-deficient 

wethers.!26 Segerson and Spears observed, however, that Se injection did not enhance 

PHA blastogenesis of lymphocytes in calves. !30 

The presence of NMD alters lymphocyte blastogenesis. Lymphocytes from 

Se-deficient and Se adequate lambs had similar mitogenic responses to PWM and PHA, 

however, lymphocytes from Se-deficient lambs with NMD had significantly lower 
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mitogenic responses.!3! Nutritional muscular dystrophy was diagnosed in this 

experiment by elevated creatinine phosphokinase and postmortem examination of cardiac 

and skeletal muscles. 

Lymphocytes produce compounds that influence immune responsiveness of other 

leukocytes. Leukocyte migration inhibitory factor (LMIF) production by ConA 

stimulated lymphocytes was decreased in Se-deficient young goats as compared to 

Se-adequate goats. 132 

In summary, Se enhances both the humoral and cellular components of the immune 

system of Se-deficient ruminants. 
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Chapter 3 

Influence of Supplemental Selenium on Humoral Immune Responses in 

Weaned Beef Calves 

Abstract 

Influence of supplemental Se on humoral immune response was measured in 60 

weaned beef calves with marginal blood Se concentrations (67 pg Se/1). Calves were fed a 

Se-deficient diet (< 0.02 mg Se/kg dry matter) consisting of corn silage, corn grain, and 

soybean meal. Blood Se concentrations, primary and secondary immune responses to 

lysozyme inoculation, and weight gains were determined in a 70-day experiment. 

Calves fed 20 mg of Se/kg of mineral mixture ad libitum had lower antibody responses 

(P < 0.02), compared to calves fed 20 mg of Se/kg of salt-mineral mixture and given 0.1 

mg of Se and 1.0 mg of vitamin E/kg body weight, IM, or with calves ad libitum fed 

80,120, 160, or 200 mg of Se/kg of mineral mixture. Calves fed 80,120, 160, or 200 mg 

of Se/kg of salt-mineral mixture had higher (P < 0.01) blood Se concentrations on day 70, 

compared to calves fed 20 mg of Se/kg of mineral mixture and given 0.1 mg of Se and 1.0 

mg of vitamin E/kg of body weight, IM. Selenium supplementation had no effect on 

weight gain. 
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Introduction 

A functional immune system is necessary to protect beef cattle against infectious 

agents, parasites, and certain toxicants associated with morbidity, mortality, and decreased 

performance. Selenium is required for optimal function of cell mediated and humoral 

immune systems.22, 97 

Forages from Se-deficient soils in the United States contain minimal amounts of Se (< 

0.1 mg of Se/kg of forage dry matter). Cattle consuming forages from Se-deficient soils 

are at risk of developing Se deficiency-associated diseases.’! Recognized Se-responsive 

disorders include white muscle disease, ill-thrift syndrome, neonatal weakness, retained 

placenta, calf scours, calf pneumonia, abortion, stillbirths, decreased fertility, and 

diarrhea.8. 22 

In 32 Pennsylvania dairy herds, a negative correlation was determined between mean 

herd blood Se concentration and the prevalence of intramammary infections with major 

pathogens.!16 Incidence and duration of mastitis were decreased in dairy cows 

supplemented with vitamin E and Se during the dry period.!14,.115 Excessive, but 

nontoxic, blood Se concentrations have been associated with decreased immune 

function.!33 Blood Se concentrations of > 70 to 100 g/l were adequate to prevent 

Se-responsive disorders,8:22 whereas blood Se concentrations of 200 j1g/l have been 

recommended for dairy cattle.114 Therefore, optimal Se supplementation in the diet or the 

corresponding blood Se concentrations necessary to optimize immune function in beef 

cattle needs to be determined. 

Parenteral or oral supplementation of Se prevents or eliminates Se-responsive 

disorders. Selenium can be added to a formulated ration, but this option is not possible for 

grazing programs. Selenium supplementation methods include injectable sodium 
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selenite82,83 or Ba selenate,8! addition of Se to drinking water,81,84 intraruminal soluble 

glass boluses,85, 87,133 Se bullets or pellets, 81.86,87,135 protein supplements,?9 and 

addition of Se to ad libitum salt-mineral mixtures (SMM).91-95 

Objectives of the experiment were to determine the dose of supplementary Se and the 

corresponding blood Se concentration associated with optimal humoral immune response. 

Results of supplementation of Se-fortified mineral mixtures fed ad libitum were compared 

with results of parenteral Se supplementation. Blood Se concentrations and weight gains 

were also evaluated in beef calves supplemented with graded doses of Se in an ad libitum 

SMM. 

Materials and Methods 

Calves, facilities,and feed - Weaned beef heifers and steers (7 to 8 months old) were 

used. Each group (n=10) was housed in an outside lot and was fed from fence-line feed 

bunks. Calves were fed once daily a Se-deficient diet consisting of corn silage (0.012 mg 

Se/kg dry matter), shelled corn (<0.010 mg Se/kg dry matter), and soybean meal (0.038 

mg Se/kg dry matter) for 6 weeks before and during the 70-day experiment. A Se-free 

SMM was available ad libitum during a 6 week adjustment period. Selenium was 

incorporated into the SMM according to treatment protocol and group salt-mineral 

consumption was monitored. Calves were weighed on platform scales on days 0, 28, 56, 

and 70. 

Experimental design - Sixty weaned beef calves were allotted by gender, weight, and 

breed to 1 of 6 Se-supplementation groups for 70 days (Table 1). The SMM was prepared 

as described (Appendix F). Parenteral Se supplementation of group 2 calves (0.1 mg Se + 

1.0 mg vitamin E/kg of body weight IM) was injected on day 14. Blood was collected by 

jugular venipuncture on days 0 (baseline), 28, and 70 and was analyzed for Se on an 
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atomic absorption spectrophotometer.9! 

Each calf was inoculated IM with 200 pg of lysozyme in 0.5 ml of Freund's 

incomplete adjuvant and 0.5 ml of saline on days 28 and 56. Serum was obtained on days 

28, 38, 42, 49, 56, 63, 66, and 70 and was frozen at -20 °C until serologic analysis was 

performed. Serum antibody titers to lysozyme were quantified, using a modified ELISA. 

(Appendix A) 136, 137 

Statistical analysis - The general linear model procedure was used to analyze data. 138 

Individual body weight, blood Se, or ELISA unit to lysozyme was used as the 

experimental unit. The model included treatment, time, gender and all two-way 

interactions. Differences between least-square means (P < 0.05) were separated by a 

Tukey test. 

Results 

Baseline blood Se concentration did not differ among groups. A time effect (P < 

0.0001) was observed as blood Se concentrations increased in all groups over time. On 

day 28, a treatment effect (P < 0.05) on blood Se concentrations was determined with 

calves in groups 4 to 6 having higher blood Se concentrations than calves in group 1 

(Table 3). On day 70, calves in groups 3, 4, 5, and 6 had higher (P < 0.001) blood Se 

concentrations than calves in groups 1 or 2. Mean daily consumption by calves fed 200 

mg of Se/kg mineral mixture was decreased compared to other groups (Table 4). 

Humoral anti-lysozyme IgG antibody responses over time differed among groups (P < 

0.02) from day 49 to 70 with group 1 having the lowest antibody response (Table 5). 

Groups 2, 5, and 6 had intermediate antibody responses and groups 3 and 4 had the 

highest antibody responses. Significant difference in weight gain was not observed 

among calves in different treatment groups (Table 6). 
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Discussion 

Feeding Se-fortified mineral mixtures that contained 80 to 200 mg of Se/kg of SMM 

increased and maintained blood Se concentrations > 100 g/l. In the present experiment, 

the benefit of parenteral sodium selenite was short-lived. Blood Se concentrations of 

group 2 calves were comparable with group 1 calves by day 28 (postinjection day 14). 

However, in calves fed 20 mg of Se/kg of mineral mixture ad libitum, calves injected with 

an additional 0.1 mg of Se/kg of body weight had higher blood Se concentrations for 56 

days.?1! Calves in that experiment were severely Se-deficient at the time of the injection, 

whereas calves from the present experiment had marginal to adequate blood Se 

concentrations. Therefore, injection of sodium selenite may not be as effective in 

increasing blood Se when baseline concentrations are > 60 ug of Se/l. Selenium-deficient 

rats retained more of a parenteral Se injection than did Se-adequate rats. 139 

Currently, the Food and Drug Administration allows mineral mixtures for cattle to 

contain 120 mg of Se/kg (120 ppm) of mineral mix if consumption does not exceed 3 

mg/head/day. Calves in the present experiment consumed 4.07 mg of Se/day when 

allowed access to 120 mg of Se/kg of mineral mixture ad libitum. No adverse effects were 

noted. 

Effects of Se deficiency or Se supplementation on immune response of cattle have 

been variable. Stressed calves fed supplemental dietary Se (0.1 mg of Se/kg of diet) had 

increased serum IgM concentrations 17 days after intratracheal inoculation of Pasteurella 

haemolytica.!20 Se injection had no effect on antibody titers to infectious bovine 

rhinotracheitis virus (IBRV) or parainfluenza type-3 virus in other stressed calves. 140 

Increased serum IgM values and IBRV antibodies were demonstrated in 7-week old 

calves fed 0.2 mg of Se/kg of diet.119 

34



Present results are similar to those in mice in which supplemental Se increased the 

antibody response to an antigen.10, 141-143 Group 1 calves had the lowest anti-lysozyme 

IgG titers, whereas groups 3, 4, 5, and 6 had higher anti-lysozyme IgG titers. Blood Se 

concentrations among calves in groups 3, 4, 5, and 6 were higher than those calves in 

group 1. Although blood Se concentrations were not significantly different, group 2 calves 

had higher anti-lysozyme IgG titers than group 1 calves. The increased titers of group 2 

calves could have been the result of the additive effect of vitamin E on Se in immune 

enhancement as observed in antibody responses in horses and pigs.144.145 An alternative 

explanation is that blood Se concentration may not be the most sensitive indicator of Se 

status in the immune system. 

Feeding 80 to 200 mg of Se/kg of mineral mixture ad libitum or sodium selenite and 

vitamin E injection 14 days before inoculation with lysozyme enhanced the humoral 

immune response to lysozyme in cattle, compared with the effects of supplementation of 

20 mg of Se/kg of mineral mixture fed ad libitum. Blood Se concentrations may not be the 

most sensitive indicator of Se status with respect to the immune system, but blood Se 

concentrations of at least 100 jg/l are associated with optimal antibody production to 

lysozyme. Feeding 80 to 120 mg of Se/kg of mineral mixture ad libitum is an effective 

method of increasing blood Se in cattle populations and optimizing humoral immune 

responses without decreasing consumption of the mineral mixture. 
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Table 1. Selenium supplementation given to calves 

  

up (n=1 nt* 

1 20 

2 207 

3 80 

4 120 

5 160 

6 200 

  

* mg of Se/kg of ad libitum SMM. 
t Injection of 0.1 mg of Se/kg of body weight on day 14. 
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Table 2. Composition of ad libitum SMM fed to calves 

  

  

Ingredient kg/100 kg batch 

Trace mineral salt* 60 

Ground limestone IFN 6-01-069 27.5 

Dicalcium phosphate IFN 6-01-080 12.5 

Sodium selenite IFN 6-26-013 Varied with treatment 

  

* Trace mineral salt contained: NaCl, < 98%; Fe, > 0.232%; Mn, > 0.225%; Zn, > 0.200%: Mg, > 

0.100%; S, > 0.040%; Cu, > 0.023%; Co, > 0.007%; I, > 0.007%. 
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Table 3. Blood Se concentrations of calves given Se supplementation 

  

  
Blood Se (ug/l) 

Se treatment* Day 0 Day 28 Day 70 SEM 
20 73.2 96.0a 98.44 + 6.1 

20 (injection)+ 69.7 106.6 ab 114.8 4 + 6.1 

80 78.7 132.8 abc 161.2 & + 6.1 

120 68.0 139.4 be 170.3 & + 6.1 

160 69.0 158.4 ¢ 174.0 © + 6.5 

200 66.0 136.4 be 163.6 € + 6.1 

  

All values listed as least square means. 

SEM = standard error of the least square mean for each group over time. 
* mg of Se/kg of ad libitum SMM. 
tT IM injection of 0.1 mg of Se + 1.0 mg of vitamin E/kg body weight on day 14. 
abc Values within time period with different superscripts differ significantly (P< 0.05). 
de Values within time period with different superscripts differ significantly (P < 0.0001). 
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Table 4. Salt-mineral mixture and Se consumption by calves 

  

Avera onsumption per 

  

Se treatment* Mineral Mixture (g/day) Selenium (mg/day) 

20 40.0 0.80 

20 (injection) 37.4 0.75 

80 34.3 2.74 

120 34.0 4.07 

160 37.8 6.05 

200 25.6 5.11 

§ Calculated. 

* mg of Se/kg of ad libitum SMM. 

+ IM injection of 0.1 mg of Se + 1.0 mg of vitamin E/kg body weight on day 14. 
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Table 5. Serum anti- lysozyme IgG titers in calves inoculated with lysozyme on days 28 

  

  

and 56 

Se treatment * Titer 

20 2.16 + 0.12 4 

20 (injection)f 3.33 + 0.25 6 

80 4.25 + 0.30°¢ 

120 4.55 +0.29¢ 

160 3.15 +0.24 6 

200 3.04 + 0.23 5 

  

All titers expressed in ELISA units, means + SEM for days 49, 56, 63, 66, and 70 (n=50). 
ELISA units = positive titer at the following serum dilutions;1 = < 1:50; 2 = 1:50; 3 = 1:100, 

4= 1:200, 5 = 1:400, 6 = 1:800, 7=1:1600, 8=1,3200. 
abc Titers with different superscripts differ significantly (P< 0.02). 
* mg of Se/kg of ad libitum SMM. 
+ IM injection of 0.1 mg of Se + 1.0 mg vitamin E/kg of body weight on day 14. 
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Table 6. Average body weights for calves given Se supplementation 

  

  

Body weight (kg) 

Se treatment * Day 0 Day 28 Day 56 Day70 SEM 
20 240.2 270.3 291.9 300.1 2.2 

20 (njection)t 239.7 266.7 289.8 298.5 2.2 

80 239.2 271.7 295.0 304.1 2.2 

120 235.5 267.7 291.5 300.9 2.2 

160 235.0 270.8 286.9 289.4 2.4 

200 236.7 266.3 290.4 302.8 2.2 

  

Values are least square means for each group. 

SEM = standard error of the least square mean for each group over time. 
* mg of Se/kg of ad libitum SMM. 
+ IM injection of 0.1 mg of Se + 1.0 mg of vitamin E/kg body weight on day 14.
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Figure 1. Effect of Se supplementation on anti-lysozyme titers over time. Values are mean 
+ SEM. ELISA Units = positive titers at the following serum dilutions: 1= < 
1:50, 2 = 1:50, 3 = 1:100, 4 = 1:200, 5 = 1:400, 6 = 1:800. Calves were fed 
designated mg Se/kg ad libitum SMM. Inj = 0.1 mg Se + 0.22 TU vitamin E/kg 
body weight on day 14. 
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Chapter 4 

Effect of Supplemental Selenium on Immune Function in Beef Cows and 

Transfer of Immunoglobulins to Calves 

Abstract 

Eighty beef cows, with marginal to deficient selenium (Se) status were allotted by 

breed to one of four Se treatment groups (n=20): 1) No supplemental Se, 2) Injection of 

0.1 mg Se + 1.0 mg vitamin E/kg body weight, 3) Ad libitum consumption of 120 ppm Se 

SMM, and 4) Injection of 0.1 mg Se + 1.0 mg vitamin E/kg body weight plus ad libitum 

consumption of 120 ppm Se SMM. The cows consumed Se-deficient pastures or hay 

during the experiment. The experiment began at mid-gestation and concluded at 

postpartum breeding. Selenium supplementation increased blood Se concentrations of 

cows at days 28, 56 and at parturition. Selenium supplementation of cows increased blood 

Se concentrations of calves, however, only calves from cows provided with 120 ppm Se 

SMM (treatments 3 & 4) had adequate (> 100 g/l) blood Se concentrations at birth. 

Se-adequate cows had higher colostral IgG concentrations as compared to Se-deficient 

cows. Calves from Se-adequate cows had higher post-suckle serum IgG concentrations as 

compared to calves from Se-deficient cows. Se-deficient calves (treatments 1&2) were 

injected with 0.1 mg Se + 1.0 mg vitamin E/kg body weight at 24 hours of age. Calves 

from Se-adequate dams had higher blood Se concentrations at 60 days than Se-deficient 

calves that were injected with Se at birth. Calves from Se-adequate dams had higher 

average daily gains than calves from Se-deficient dams. 
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Introduction 

Muth reported in 1958 that supplemental selenium (Se) prevented white muscle disease 

in calves and lambs.3! Selenium deficiency has since been implicated in the following 

disorders of cattle: infertility, retained placenta, abortion, stillbirth, diarrhea, mastitis, 

"ill-thrift syndrome", neonatal weakness, calf pneumonia, sudden death, and immune 

suppression.8.116 

Because soils in many regions of the United States contain limited amounts of Se, 

feedstuffs and crops contain marginal to deficient Se concentrations.!7 Cattle that 

consume these feeds can become Se-deficient 71 and develop Se-responsive disorders. 

Cattle have been diagnosed as Se-deficient by measurement of Se concentrations in 

blood, plasma, liver, or kidney as well as measurement of GSH-Px activity in blood or 

plasma.8 

Selenium supplementation has prevented or minimized Se-responsive disorders. 

Selenium supplementation methods for grazing beef cattle in the United States include: 

injectable Na selenite, addition of Se to protein supplements, addition of Se to salt-mineral 

mixes, and a sustained-release Se bolus . 

In 1987, the Food and Drug Administration (FDA) issued regulations for Se 

supplementation of beef cattle: the maximum level of Se in complete feed is 0.3 parts per 

million (ppm) Se; animal unit consumption rate of limit-fed supplements (e.g. protein 

supplements) is not to exceed 3 mg Se/head/day; and salt-mineral mixtures for cattle can 

contain up to 120 ppm Se with a feeding rate not to exceed 3 mg Se/head/day.% 

The objective of the present experiment was to determine a practical, effective, and 

safe Se supplementation program for gestating beef cows raised on Se-deficient pastures. 

The first goal of the experiment was to monitor the effect of Se supplementation on 
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immune function in cows and the transfer of immunity from cows to calves. The second 

goal of the experiment was to compare the efficacy of a single dose of injectable Se 

during mid-gestation to a Se-fortified SMM in repleting Se-deficient beef cows and their 

newborn calves. A single mid-gestation Se injection was used to correspond to the 

weaning/pregnancy diagnosis period when cow/calf producers handle their cows. The 

third goal was to compare parenteral Se supplementation of calves at birth from 

Se-deficient dams to Se status of calves from Se-adequate dams. The effect of Se 

supplementation on calf birth weights and 60-day weight gains was measured. 

Materials and Methods 

Cows, Facilities and Feed - Angus, Polled Hereford and crossbred beef cows, aged 

3-10 years, were used for the experiment. The cows were pastured on Se-deficient native 

fescue and bluegrass pastures and the cows consumed either grass or hay from the 

pastures (Se content 21-62 pg/kg). Salt-mineral mix (Table 1) was fed ad libitum 

throughout the experiment. Cows were moved to the Virginia Tech Beef Barn 

approximately 2 weeks prior to parturition and were returned with their calves to the 

same pastures approximately 3 to 7 days postpartum. 

Experimental design - Eighty beef cows were allotted by breed and age to one of four 

Se-supplementation groups (n=20): 1) Control - no Se supplementation; 2) Intramuscular 

injection of 0.1 mg Se + 1.0 mg vitamin E/kg of body weight on day 0; 3) Ad libitum 

consumption of 120 ppm Se SMM; 4) Intramuscular injection of 0.1 mg Se + 1.0 mg 

vitamin E/kg body weight on day 0 plus ad libitum consumption of 120 ppm Se SMM. 

The experiment started at mid-gestation and ended at postpartum breeding (approximately 

60 days postpartum). Blood collected from cows, via jugular venipuncture, on days 0, 

28, 56, 84, and at parturition, was analyzed for Se on an atomic absorption 
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spectrophotometer. Blood was collected via jugular venipuncture from calves at birth and 

approximately 60 days of age and was analyzed for Se on an atomic absorption 

spectrophotometer.?! 

Cows were weighed at day 0, approximately 2 weeks prior to calving, postpartum and 

at breeding (approximately 60 days postpartum). Calves were weighed at birth and at 

approximately 60 days of age. Cows were weighed on day 0 on portable scales. All other 

cow and calf weights were measured with platform scales. 

Cows were inoculated with 200 pg of lysozyme, in 0.5 ml of Freund's incomplete 

adjuvant plus 0.5 ml of saline, on days 28 and 56. Serum collected from cows on days 

28, 42, 56, 70, and 84. Serum was collected from the calves immediately after birth and 

at 24 hours of age. Serum was frozen at -20 °C until serologic analysis. An ELISA 

technique was used to evaluate anti-lysozyme titers in cow serum and calf post-suckle 

serum (Appendix A). 

Colostrum was collected from cows and was frozen at -20 °C until analysis. An ELISA 

technique was used to evaluate colostral anti-lysozyme titers (Appendix A) and radial 

immunodiffusion was used to evaluate colostral IgG and IgM (Appendices C and D, 

respectively). Each calf was force-fed one liter of colostrum from the dam. Calves were 

allowed to nurse their dams for the remainder of the experiment. 

Blood was collected from cows and calves immediately after parturition. A Coulter 

Counter® was used to determine total leukocyte counts and a differential count was used 

to determine leukocyte populations. 

Four cows and calves from each group were randomly selected at postpartum breeding 

for lymphocyte subtyping. Lymphocytes in blood were subtyped with monoclonal 

antibodies (Appendix E). 

Statistical analysis - The general linear model was used to analyze data.137 The model 

for cows included treatment, breed and treatment X breed interaction. Significant (P<0.05) 
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differences between least square means of treatments or breeds were separated by 

pair-wise comparisons or orthogonal contrasts. The orthogonal contrasts were oral Se 

supplementation versus no oral Se supplementation (groups 3 and 4 vs groups 1 and 2, 

respectively) and selenium injection versus no selenium injection (groups 2 and 4 versus 

groups 1 and 3, respectively). The model for calves included treatment, breed, sex and all 

two-way interactions. Mean values for calves were expressed as least square means, and 

treatment differences were separated by pairwise comparisons or by the orthogonal 

contrasts used in the cow model. 

Results 

Selenium supplementation of cows increased blood Se concentrations as compared to 

control cows in group 1 (Table 2). Cows in groups 1 and 2 consumed an average of 48 g 

of SMM/day, whereas cows in groups 3 and 4 consumed an average of 50 g of SMM/day 

(6 mg Se/day). Eighty cows delivered seventy-eight live calves (97.5% calving rate). A 

cow in group 2 delivered stillborn twins 10 days prior to her anticipated parturition and a 

25 kg stillborn calf was pulled from a cow in group 1. No significant lesions related to Se 

deficiency were detected on gross or histologic analyses of the dead calves. Liver Se 

concentrations of the stillborn twins, however, were marginal (125 Se pg/kg - wet 

weight basis). 

Blood Se concentrations of calves (Table 4) at birth were positively correlated (12 = 

0.77) to blood Se concentrations of cows at parturition (Figure 1). Calf blood selenium 

concentrations were higher (P<0.05) in calves from cows fed 120 ppm Se SMM than in 

calves from cows not fed selenized SMM. Blood Se concentrations of calves at birth 

were higher (P < 0.01) than blood Se concentrations of cows at parturition for all 

treatments. Selenium injection of calves in groups 1 and 2 did not elevate 60-day blood Se 
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concentrations above that found in non-injected calves in groups 3 or 4. 

Se treatment had an effect (P<0.03) on cow body weight at breeding (Table 3). Cows 

fed 120 ppm Se SMM (treatments 3 & 4) weighed more at breeding (P<0.006) than 

cows fed SMM without Se. Selenium treatment of cows did not affect calf birth weight 

(Table 5). Calf birth weight was affected by breed (P<0.02) and sex (P< 0.006). 

Crossbred calves (43.7 kg) were heavier (P<0.05) than Angus (40.0 kg) and Polled 

Hereford (39.7 kg) calves. Bull calves (43.2 kg) were heavier (P< 0.02) than heifer 

calves (39.0 kg). Dam Se treatment increased (P<0.02) 60-day average daily gain (ADG) 

of calves (Table 5). Calves from dams fed 120 ppm Se SMM had higher (P < 0.002) 

ADG than calves from dams fed SMM without Se. Calf breed affected ADG (P < 

0.0001). Angus calves (0.99 kg/day) gained at a higher rate (P<0.001) than Polled 

Hereford (0.75 kg/day) and crossbred (0.84 kg/day) calves. 

Se treatment of cows did not affect serum anti-lysozyme antibody production after 

primary and secondary lysozyme inoculation (Table 13) but Se treatment did affect (P< 

0.02) colostral IgG concentrations (Table 6). Cows fed 120 ppm Se SMM had higher 

IgG concentrations (P<0.002) than cows given SMM without Se. Cow Se treatment also 

affected (P<0.05) calf post-suckle IgG concentrations (Table 7). Calves from cows fed 

120 ppm Se SMM had higher (P<0.01) post-suckle IgG concentrations than calves from 

cows fed SMM without Se. Se treatment of cows did not affect colostral IgM or colostral 

anti-lysozyme antibodies, but Polled Hereford cows had lower colostral IgM (P< 0.005) 

and colostral anti-lysozyme (P< 0.03) than Angus or crossbred cows (Table 8). Post 

suckle IgM concentrations and anti-lysozyme titers in serum (Table 7) were not affected by 

Se treatment of dam but were affected by breed (IgM P<0.02, anti-lysozyme titer P < 

0.05) (Table 8). Se treatment did not affect leukocyte counts in cows at parturition (Table 

9) or newborn calves (Table 10). Se treatment did not affect lymphocyte subsets in 

lactating cows at breeding (Table 11) orin nursing calves (Table 12). 
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Discussion 

Prediction of SMM intake by cattle can be difficult. Salt-mineral mix consumption 

varies because of the forage that is fed or grazed, ambient temperature, or location of 

mineral feeders in relation to cattle traffic patterns. In the present experiment, cows fed ad 

libitum 120 ppm Se (0.0120%) SMM consumed an average of 6 mg Se/cow/day. This 

level of Se intake by beef cattle exceeds the maximum permissible by FDA (3 mg 

Se/head/day) from an ad libitum SMM. 

Other experimental Se supplementation programs have exceeded FDA maximums. 

Salt-mineral mixtures of 160 to 200 ppm Se have successfully been fed to cattle.9! The 

following supplemental Se regimens have been used in cattle: 6 mg Se/head/day for 9 

months (beef cows);!46 5 mg Se/head/day for 6 1/2 months (beef cows);99 5 mg 

Se/head/day for 10 days (dairy cows);!47 and 5 or 10 mg Se/head/day for 6 weeks 

(lactating dairy cattle).148 

Veterinarians and producers must be concerned with excessive Se supplementation 

because excessive selenium produces acute and chronic selenosis in cattle. Plants in 

certain regions of the country accumulate concentrations of Se that produce toxicosis in 

cattle that graze those plants. Chronic ingestion of diets with = 5 ppm Se has caused 

toxicosis.22 In the present experiment, a cow would have to consume approximately 450 

grams (1 lb.) of an 120 ppm Se SMM per day to cause a toxicosis. Conversely, with a 50 

gram salt-mineral intake, the SMM would have to contain approximately 1000 ppm Se to 

be toxic. 

Previously, a 20 ppm Se SMM did not maintain Se status of cows grazing 

Se-deficient pastures and a 30 ppm Se SMM did not elevate glutathione peroxidase 
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activity into the normal range.93 Stowe reported that 2-2.5 mg Se/cow/day was inadequate 

for desirable serum Se concentrations of lactating dairy cows. 148 

Selenium supplementation of cows elevates calf Se status based on the positive 

correlation between cow and calf blood Se at parturition that was observed in the present 

experiment and in previous experiments.!49.150 A 90 ppm Se SMM has been used to 

elevate and maintain Se status in beef cows.93 The 120 ppm Se SMM elevated and 

maintained adequate blood Se concentrations of cows in the present experiment. In 

addition, calves from cows fed 120 ppm Se SMM had adequate Se status at birth. 

Conversely, single mid-gestation injection of Se in cows in treatment 2 resulted in 

marginal blood Se concentrations in both cows and calves. 

Milk Se concentration has been positively correlated with Se intake of cows, but milk 

has been considered a poor source of Se for calves.146 Parenteral injection of Se is used 

to supplement baby calves. Weiss combined prepartum Se feeding of cows with Se 

injections of neonatal calves.1°0 Cows were fed 1, 2 or 5 mg of Se/head/day prepartum. 

Calves from cows fed 1 or 2 mg Se/head/day required two Se injections (birth and 14 

days) to elevate their Se status to equal the Se status of calves from cows fed 5 mg 

Se/head/day. Selenium injections did not increase Se status in calves from cows fed 5 

mg Se/head/day. 

Selenium-deficient calves (treatments 1 and 2) injected with Se at birth had lower blood 

Se concentrations at 60 days than Se-adequate calves at birth that received no Se 

supplementation. These results agree with Weiss's findings that a single Se injection at 

birth elevates Se status for only 56 days.!5! Kincaid, however, reported that Se injection 

at birth in dairy calves did not increase blood Se at 1 or 3 weeks but did increase blood Se 

at 10 weeks as compared to uninjected calves.!49 Calves in Kincaid's experiment had 

adequate Se status at birth and were fed a commercial calf starter ration that contained 
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0.55 ppm Se. Consumption rate of the calf starter was not stated. 

Effects of Se supplementation on calf weight gains has been variable. Selenium 

injection at birth has not increased weight gains of calves as compared to uninjected 

control calves 149,150 Calves with adequate Se status at birth (treatments 3 and 4) 

outgained Se injected calves that were Se-deficient at birth (treatment 1). Although calves 

from treatments 3 and 4 gained the most weight and cows from treatments 3 and 4 lost less 

weight from calving to breeding, calf weight gain was not correlated to cow weight loss. 

(Figure 2). Selenium may increase weight gains of calves by growth enhancement or 

reduction of subclinical disorders. 

Bovine colostrum contains 50-150 g/l of immunoglobulins, which consist of IgG 

(85-90%), IgM (7%) and IgA (5%).!52 IgG is transferred from serum to colostrum but 

IgM and IgA are produced by mammary gland plasmacytes. The transfer of IgG from 

serum to colostrum occurs by a selective transport system within the secretory cells. 

152,153 Transfer of adequate amounts of IgG from dams to calves minimizes the risk of 

infectious diseases and mortality in calves. !54-156 Selenium supplementation of cows, in 

the present experiment, either increased serum IgG or enhanced the transfer of IgG from 

serum to colostrum as colostral IgG concentrations were higher in Se adequate cows. 

Local synthesis of immunoglobulins, IgM in the present experiment, was not enhanced by 

Se supplementation of cows. 

The amount of colostral IgG ingested and time of first feeding are the two major factors 

that influence post-suckle IgG concentrations in calves.!57 Colostral IgG concentrations 

were not correlated to calf post-suckle serum IgG (Figure 3). Colostral IgG concentration 

was probably not the primary determinant of calf post-suckle IgG. Cow colostral IgG 

content must be multiplied by colostral intake to determine total IgG ingested. The calves 

were allowed to nurse their dams after the initial colostral feeding, thus total colostral 

intake was unknown. Selenium adequate dams may have produced more total colostrum 
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and Se-adequate calves may have consumed more colostrum than Se-deficient calves 

which resulted in increased post-suckle IgG concentrations in Se-adequate calves. 

Selenium supplementation did not alter lymphocyte populations in lactating cows or 

nursing calves. In addition, lymphocyte subpopulations were similar between calves and 

cows with approximately 60% B lymphocytes and 50% T lymphocytes. The percentages 

of B and T lymphocytes differ from percentages reported in previous studies. Fossum et. 

al, determined that 18% of lymphocytes had surface IgG (B cells) and 54 % of cells were 

peanut agglutinin positive (T cells) in calves that were 40 days old.158 Outteridge and 

Dufty determined that 17% of the lymphocytes had surface IgG (B cells) and 83% of 

lymphocytes in adult cattle formed E rosettes with sheep red blood cells (T cells).159 

Calves under nine months of age had fewer T cells and more B cells than adults. The 

discrepancy between the results of the present experiment and previous works could be 

related to the difference in determination of lymphocyte subpopulations. The use of 

monoclonal antibodies in the present experiment should allow a more accurate 

representation of lymphocyte subpopulations as compared to the use of lectins (peanut 

agglutinin) or sheep red blood cell rosette assays. 

Selenium supplementation programs should provide calves with adequate Se status at 

birth. The 120 ppm Se SMM fed ad libitum in the present experiment effectively, 

practically, and safely elevated Se status of Se-deficient cows and their calves on a 

Se-deficient pasture (0.02-0.06 ppm Se). Calves from cows fed 120 ppm ad libitum SMM 

had higher post-suckle IgG concentrations and outgained calves from Se-deficient dams. 
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Table 1. Composition of ad libitum SMM fed to cows 

  

  
Ingredient ks/100 kg batch 

Trace mineral salt” 40 

Dicalcium phosphate IFN 6-01-080 37.5 

Magnesium Oxide IFN 6-02-756 20 

Limestone IFN 6-01-069 2.5 

Sodium Selenite IFN 6-26-013 Varied with treatment 

  

* Trace mineral salt contained: NaCl, < 98%; Fe, > 0.232%; Mn, > 0.225%; Zn, > 0.200%; Mg, > 

0.100%; S, > 0.040%; Cu, > 0.023%; Co, > 0.007%; I, > 0.007%. 
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Table 2. Effect of Se treatment on blood Se concentrations of gestating cows 

  

  
_ Blood Se (g/l) 

Se Treatment Day 0 Day 28 Day 56 Parturition 

None 51+2.7 5143.24 5142.44 4442.74 

Injectiont 5342.4 82 + 3.35 80 + 3.05 56+2.0b 

120 ppm* 46 +1.9 83 + 3.16 98 + 3.7¢ 113 +3.7¢ 

120 ppm* + Injection? 47 + 1.6 98+3.3¢ 114+3.74 121+3.1¢ 

  
Values are least square means + standard error of the mean (SEM) 

+ Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight on day 0 (mid-gestation) 

# 120 ppm Se in an ad libitum SMM started on day 0 (mid-gestation) 
a,b,c,d Values within each column with different superscripts differ (P < 0.05)



Table 3. Effect of Se treatment on body weight of gestating cows 

  

Se_ Treatment 

None 

Injection? 

120 ppm# 

120 ppm* + InjectionT 

  

Day 0 Prepartum § Postpartum. = Breeding 

529 + 15 

508 + 15 

530 + 15 

528 + 15 

Body weight (kg) 

611+15 543 + 14 

579 + 16 507 + 14 

607 + 15 §35 +14 

602 + 15 535 + 14 

496 + 13 ab 

472+ 144 

527 +136 

518 +13 

  

Values are least square means + SEM 

t Injection (dam) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 
# 120 ppm Se in an ad libitum SMM started at mid-gestation 
a, b Mean weights with different superscripts differ (P<0.05) 

55



Table 4. Effect of Se treatment on calf Se status at birth and at 60 days 

  

_Whole Blood Se (g/l) _ 
Dam Treatment Calf Treatment Birth 60 days 
None Injection* 5445.94 5145.64 

Injectiont Injection* 70+5.74 59+ 5.34 

120 ppm* None 1454+5.4b 9545.15 

120 ppm* + Injection? None 1424+5.65 93 +5.35 

  

Values are least square means + SEM 

* Injection (calf) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at 24 h of age 
+ Injection (dam) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 
# 120 ppm Se in an ad libitum SMM started at mid-gestation 

a,b Values within a column with different superscripts differ (P < 0.0001) 
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Table 5. Effect of Se treatment on birth weights and average daily gains (ADG) of calves 

  

  

Dam Treatment Calf Treatment Birth weight (kg) ADG (kg)§ 
None Injection* 39.6 + 1.3 0.78 + 0.04 a 

Injection? Injection* 42.1 + 1.2 0.82 + 0.04 a.b 

120 ppm*# None 40.3 + 1.2 0.93 + 0.03 ¢ 
120 ppm* + Injectiont None 42.5412 0.92 + 0.04 bc 

§ Calculated 

Values are least square means + SEM 
* Injection (calf) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at 24 h of age 
+ Injection (dam) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 
# 120 ppm Se in an ad libitum SMM started at mid-gestation 
a,b,c Values within each column with different superscripts differ (P < 0.05) 
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Table 6. Effect of Se treatment on colostral IgG, IgM and anti-lysozyme IgG 

  

Dam Treatment IgG (g/l) IgM (s/t) Anti-lysozyme IgG§ 
None 98.8 + 45.1 ab 4541.9 2.7+0.6 

Injection? 91.6 + 32.24 4141.8 3.0 + 0.6 

120 ppm* 122.2 + 42.3 bc 4.2+2.0 3.0 + 0.6 

120 ppm* + Injectiont 132.5 + 50.5¢ 4241.8 3.6 + 0.6 

  

Values are least square means + SEM 

§ Expressed as ELISA units = positive titer at the following whey dilutions; 0 = < 1:50; 1 = 1:50; 2 = 
1:100, 3 = 1:200, 4 = 1:400, 5 = 1:800, 6=1:1600, 7=1:3200. 

f Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 
# 120 ppm Se in an ad libitum SMM started at mid-gestation 
a,b,c,d Values within each column with different superscripts differ (P < 0.05) 
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Table 7. Effect of dam Se treatment on post-suckle serum IgG, IgM and anti-lysozyme 

  

IgG of calves 

Dam Treatment IgG(g/l) IgM (g/) Anti-lysozyme IgG& 
None 31.344.24 2.24+1.6 3.5+ 0.5 

Injectiont 31.44+4.0a 1941.1 3.64 0.6 

120 ppm* 44.7+3.8> 2.0+0.9 44+ 0.4 

120 ppm* + Injection? 38.8 + 3.928 15+ 0.8 41+ 0.5 

  

Values are least square means + SEM 

§ Expressed as ELISA units = positive titer at the following serum dilutions; 0 = < 1:10; 1 = 1:10; 2 = 
1:20, 3 = 1:40, 4 = 1:80, 5 = 1:160, 6=1:320, 7=1:640. 

+ Injection (dam) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 
# 120 ppm Se in an ad libitum SMM started at mid-gestation 

a,b IgG means within a column with different superscripts differ (P< 0.05) 
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Table 8. Effect of breed on colostral and post-suckle IgM and anti-lysozyme IgG 

  

Colostrum 

Cow Breed IgM (s/) Anti-Lysozyme IgG8 
Polled Hereford 3.1+0.44 2.2+ 0.44 

Angus 4.8+0.3> 2.8+ 0.34 

Crossbred 45+0.4b 3.8 + 0.45 

Calf Breed Post-suckle serum 

Polled Hereford 1.2+0.2 4 3.1+ 0.54 

Angus 2.2+0.35 3.9+ 0.3 ab 

Crossbred 1.9+0.26 47+ 0.4% 

  

Values are least square means + SEM 
§ Expressed as ELISA units = positive titer at the following serum dilutions; 0 = < 1:10; 1 = 1:10; 2 = 

1:20, 3 = 1:40, 4 = 1:80, 5 = 1:160, 6=1:320, 7=1:640. 

a,b Means within a column with different superscripts differ (P< 0.05) 
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Table 9. Effect of Se treatment on leukocyte counts of cows at parturition 

  

None 6108+ 539 35014354 8664103 365 + 60 

Injectiont 6728 +565  3957+371 7864108 211+62 

120 ppm* 5864+539 35654354 594+103 378 + 60 

120 ppm*+Injectiont 51164539 33214354 7004103 352460 
  

Values are least square means + SEM 
+ Injection (dam) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 

# 120 ppm Se in an ad libitum SMM started at mid-gestation 
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Table 10. Effect of dam Se treatment on leukocyte counts of newborn calves 

  

Dam Treatment Neutrophils Lymphocytes 
None 6856 + 1186 2413 + 530 

Injection? 7611 + 1097 2260 + 491 

120 ppm* 8361 + 1024 2617 + 458 

120 ppm* + Injection 8179 + 1137 3006 + 508 

Monocytes 

619 + 108 

527 + 100 

509+ 93 

540 + 104 

  

Values are least square means + SEM 
+ Injection (dam) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 
# 120 ppm Se in an ad libitum SMM started at mid-gestation 
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Table 11. Effect of Se treatment on lymphocyte subsets of lactating beef cows 

  

Surface Marker 
Cell Type 

BAS9A BAQ82A BAQIIIA 
Dam Treatment B Cells. —Pan-T _ I-suppressor 

None 6444 52+4 26+5 

Injection? 54+12 47+4 21+3 
120 ppm* 6444 53+2 30+4 

120 ppm* + Injection? 60+5 55 +3 30+3 

  

Values are least square means for percentage of lymphocytes with each marker + SEM 
t Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 
# 120 ppm Se in an ad libitum SMM started at mid-gestation 
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Table 12. Effect of Se treatment lymphocyte subsets of nursing calves 

  

Surface Marker 
Cell Type 

BAS9A BAQ82A_ BAQIIIA 
Dam Treatment Calf Treatment BCells _Pan-T. T-suppressor 

None Injection* 57+1 50+3 3345 

Injectiont Injection™ 5544 4643 28+3 
120 ppm* None 59+3 47 +2 29+2 

120 ppm* + Injectiont None 5844 47 +3 3141 

  

Values are least square means for percentage of lymphocytes with each marker + SEM 

* Injection (calf) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at birth 
+ Injection (dam) is 0.1 mg Se + 1.0 mg vitamin E/kg body weight at mid-gestation 
# 120 ppm Se in an ad libitum SMM started at mid-gestation



Table 13. Effect of Se treatment on serum anti-lysozyme titers of gestating cows 
inoculated with lysozyme on days 28 and 56 

  

Anti iter (ELISA units)§ 

___Se Treatment Day 42 Day 56 Day 70 Day 84 
None 0.9 + 0.32 1.7 + 0.36 3.2 + 0.43 3.0 + 0.42 

Injection? 0.54032 1340.36 284043 3040.42 
120 ppm* 1.0+0.31 1640.36 3.2+043 34+0.42 

120 ppm* + Injection? 104032 184036 294043 3040.41 

  

Values are least square means + SEM 

§ Expressed as ELISA units = positive titer at the following serum dilutions; 0 = < 1:25; 1 = 1:25; 2= 
1:50, 3 = 1:100, 4 = 1:200, 5 = 1:400, 6=1:800, 7=1:1600. 

t Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight on day 0 (mid-gestation) 
# 120 ppm Se in an ad libitum SMM started on day 0 (mid-gestation) 
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Figure 1. Effect of cow blood Se at parturition on calf blood Se at birth. 

For calf Se, y = 1.130 x + 9.9736, r2 = 0.78 
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Figure 2. Effect of cow weight loss from parturition to breeding on calf average daily gain 
from 0 to 60 days. 
For calf average daily gain, y = - 0.00047x + 0.905, r2 = 0.006 
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Figure 3. Effect of colostral IgG on calf post-suckle serum IgG 
For calf post-suckle IgG, y = 0.071x + 27.941, r2 = 0.042 
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Chapter 5 

Effect of Selenium Supplementation on Local Immune Response 

in Weaned Beef Calves 

Abstract 

The effect of supplemental Se on local immune response was measured in 60 

Se-deficient (41 tg Se/l blood) weaned beef calves. Calves were fed a Se-deficient diet (< 

0.09 mg Se/kg dry matter) of corn silage and soybean meal. Blood Se concentrations, 

IgA response in tears to infectious bovine rhinotracheitis virus (IBRV) vaccine, serum IgG 

responses to lysozyme inoculation, lymphocyte subtypes, and weight gains were 

determined in a 56-day experiment. 

Calves fed ad libitum 120 mg of Se/kg of SMM had increased blood Se concentrations 

on days 21 and 42. Calves injected with 0.1 mg Se + 1.0 mg vitamin E/kg body weight on 

day O maintained blood Se concentrations on days 21 and 42. Blood Se concentrations 

decreased in control calves that were not supplemented with Se. Selenium treatment had a 

significant effect on anti-lysozyme titers over time. Calves fed 120 mg Se/kg of ad libitum 

SMM and control calves had higher anti-lysozyme titers than calves injected with 0.1 mg 

Se + 1.0 mg vitamin E/kg body weight on day 0. Se treatment did not affect anti-IBRV 

IgA production, lymphocyte subsets, or weight gain in calves. 
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Introduction 

Selenium (Se) supplementation has enhanced humoral immune responses of 

Se-deficient cattle.119-123 The evaluation of humoral immune responses in Se-deficient 

cattle, however, has been limited to systemic IgG or IgM production after inoculation 

with an antigen. 

Local immunity protects against antigens that invade through mucosal surfaces in the 

respiratory, gastrointestinal, mammary and reproductive systems. Both IgG and IgA are 

found in mucosal secretions; however, IgA is the predominant Ig in bovine nasal 

secretions.!60 The principal role of IgA in secretions is to prevent attachment of 

pathogens to mucosal epithelium.1!61 

The objective of the present experiment was to evaluate the influence of supplemental 

Se on IgA response in weaned beef calves. The effect of Se supplementation on blood Se, 

systemic humoral immune response to lysozyme inoculation, lymphocyte subsets and 

weight gains was determined. 

Materials and Methods 

Calves, facilities,and feed - Weaned beef heifers and steers (8 to 9 months old) were 

used in the present experiment. Each group (n=20) was housed in an outside lot and was 

fed from fence-line feed bunks. Calves were fed once daily a Se-deficient diet of corn 

silage (0.084 mg Se/kg dry matter) and soybean meal (0.051 mg Se/kg dry matter) for 2 

weeks before and during the 56-day experiment. A Se-free SMM was provided ad libitum 

during a 2-week adjustment period. Selenium was incorporated into SMM in accordance 

with treatment protocol and SMM consumption was measured in each group. Calves were 

weighed on platform scales on days 0, 28, and 56. 
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Experimental design - Sixty weaned beef calves were allotted by gender, weight, and 

breed to 1 of 3 Se-supplementation groups for 56 days; 1) Control - no Se 

supplementation; 2) Injection of 0.1 mg Se + 1.0 mg vitamin E/kg of body weight on day 

0; 3) Ad libitum consumption of an 120 ppm Se SMM. Calves in treatments 1 and 2 were 

offered ad libitum SMM without Se. Mineral mixtures were prepared as described 

(Appendix F). Blood was collected on days 0, 21, and 42 and was analyzed for Se with 

an atomic absorption spectrophotometer.?! 

Calves were vaccinated on day 21 with an intranasal IBRV vaccine (Nasalgen ® IP, 

Coopers Animal Health, Kansas City, Kansas). Tears, collected from the right 

conjunctival sac on days 21, 28, 35, 42, 49, and 56 were processed and then frozen at 

-20 °C until analysis (Appendix B). An ELISA technique was used to determine 

anti-IBRV IgA in tears (Appendix B). 

Calves were inoculated IM with 200 ug of lysozyme, in 0.5 ml of Freund's incomplete 

adjuvant and 0.5 ml of saline, on days 21 and 42. Serum was obtained on days 21, 35, 

42, 49, and 56 and was frozen at -20 °C until serologic analysis. An ELISA technique was 

used to quantify serum anti-lysozyme titers (Appendix A). 

Eight calves were randomly selected from each group on day 21. Blood was collected 

by jugular venipuncture into heparinized tubes. Lymphocyte subtyping was performed to 

determine percentage of B Cells, T cells, T-suppressor cells and T-helper cells (Appendix 

E). 

Statistical analysis - The general linear model procedure was used to analyze data.138 

The model for body weight, blood Se, anti-lysozyme titers, and anti-IBRV titers included 

treatment, breed, gender and all two-way interactions. The model for anti-lysozyme titers 

over time included treatment, breed, gender, time, all two-way interactions and calf nested 

within treatment * breed * gender. The model for lymphocyte subtypes included treatment. 

Significant differences among least-square means (P < 0.05) were separated by pairwise 
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comparisons (Pdiff),.138 

Results 

Selenium supplementation of 120 ppm Se SMM increased blood Se concentrations 

whereas Se injection maintained blood Se concentrations. Blood Se concentrations 

decreased in untreated control calves (Table 1). Crossbred calves had higher (P<0.05) 

blood Se concentrations than Angus or Polled Hereford calves on days 0, 21, and 42. 

Selenium supplementation affected anti-lysozyme titers over time (P<0.04). Calves 

injected with 0.1 mg Se + 1.0 mg vitamin E/kg body weight IM on day 0 had lower 

anti-lysozyme titers than control calves or calves fed 120 ppm Se SMM (Table 4). Heifers 

had lower (P<0.04) anti-lysozyme titers than steers over time (Figure 1). Breed affected 

anti-lysozyme titers over time (P<0.01) as Polled Hereford calves had lower 

anti-lysozyme titers than crossbred calves (Figure 2). Selenium supplementation did not 

affect body weight (Table 3), anti-IBRV IgA (Table 5), or lymphocyte subpopulations 

(Table 6). 

Control calves consumed an average of 48 g of SMM/calf day. Calves injected with 0.1 

mg Se + 1.0 mg vitamin E/kg body weight consumed 28 g of SMM/calf/day. Calves fed 

120 ppm Se SMM consumed 40 g of SMM/calf/day which resulted in a Se intake of 4.8 

mg Se/calf/day. 

Discussion 

Selenium supplementation with 120 ppm Se SMM increased blood selenium of calves 

in the present experiment and in weaned calves in the previous experiment (Chapter 3). 

The calves in the previous experiment that were fed 120 ppm Se SMM consumed an 

average of 4.1 mg Se/day and calves in the present experiment fed 120 ppm Se SMM 
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consumed an average of 4.8 mg Se/day. Blood Se concentrations increased at a more 

rapid rate (68 to 139 jig Se/l in 28 days) in calves fed 120 ppm Se SMM in the previous 

experiment than in similarly treated calves in the present experiment (43 to 85 pg Se/l in 

42 days). Calves in the first experiment that were fed 120 ppm Se SMM gained an 

average of 1.15 kg/day for the first 28 days. Calves in the present experiment that were 

fed 120 ppm Se SMM gained an average of 1.50 kg/day for the first 28 days. Increased 

growth rates should increase Se requirements; thus, the calves in the present experiment 

did not consume enough Se to provide for increased growth rates and rapid blood Se 

repletion. 

Injection of 0.1 mg Se/kg body weight did not elevate blood Se concentrations in 

calves at 21 days; however, Se injection increased blood Se in gestating cows at 28 days. 

Growth may increase Se requirements thus a Se injection would have a shorter biologic 

half-life in growing cattle as compared to cows fed maintenance diets. 

Selenium supplementation did not affect immune response to IBRV inoculation. The 

use of IBRV to evaluate immune response differs from the use of lysozyme because 

calves had probably been exposed to field strains of IBRV whereas lysozyme was a novel 

antigen to the calves. Gerber et. al. vaccinated cattle with intranasal IBRV and observed 

that anti-IBRV IgA in nasal secretions was not present at 7 days, was maximized on days 

14 and 21, and was decreased 28 days after vaccination. A similar IgA response was 

noted after IBRV challenge.!62 In the present experiment, nine and five calves had 

anti-IBRV IgA in their tears on day 21 (vaccination day) and 28 (postvaccination day 7), 

respectively. Anti-IBRV IgA on day 21 and 28 resulted from exposure to a field strain of 

IBRV. Control group calves had higher anti-IBRV IgA than Se supplemented calves on 

day 28 (post-vaccination day 7); however, four of the five calves with detectable 

anti-IBRV IgA were in the control group. The difference between groups on day 28 was 

due to the number of calves with declining titers to field IBRV rather than mean response 
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to IBRV vaccination. Group mean anti-IBRV IgA increased on days 35 and 42 

(postvaccination days 14 and 21) and decreased on day 49 (postvaccination days 28). The 

short-lived anti-IBRV response in tears in the present experiment was similar to the 

response observed by Gerber et. a].162 

The decreased response to lysozyme inoculation in the calves injected with 0.1 mg 

Se/kg body weight as compared to control calves or calves fed 120 ppm Se SMM was 

unexpected. The decreased response did not follow a dose response pattern because 

blood Se concentrations of injected calves was intermediate to blood Se concentrations of 

control calves and 120 ppm Se calves. In addition, blood Se concentrations of the injected 

calves on the day of inoculation (day 21) were similar to pre-injection blood Se 

concentrations. The author believes that Se in the injection did not suppress immune 

function. The Se injection also contained vitamin E which was administered at the rate of 

1.0 mg/kg body weight. The average injected dose of vitamin E for these calves was 55 

IU vitamin E which is negligible for long term vitamin E supplementation as compared to 

the requirement of 15-60 IU vitamin E/kg feed for young calves.!63 An inhibitory 

response secondary to vitamin E is unlikely. The injectable Se product could have 

contained an unknown compound that altered immune responsiveness; however, the Se 

injection did not decrease immune response in two previous experiments performed by 

the author. Control calves and calves fed 120 ppm Se SMM consumed 67% and 42% 

more SMM, respectively, than injected calves. If the calves were copper or zinc deficient, 

which has been associated with decreased immune response, the injected calves would 

have consumed fewer supplemental trace elements. The difference in absolute intake of 

copper and zinc, however, was minimal relative to the requirements of these elements. 

Breed and gender had a significant effect on anti-lysozyme titers over time. These 

effects had not been observed in the two previous trials. The author does not have an 

explanation for the breed and sex effects. The combination of breed, sex and selenium 
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effects in this experiment, which had not been observed in previous trials, suggest that an 

additional factor may have influenced the anti-lysozyme response of calves. The use of 

intranasal IBRV vaccination at the time of lysozyme inoculation could have modified the 

immune response to lysozyme. Future work should evaluate the effect of selenium 

supplementation on immune responsiveness to more than one antigen or the combination 

of a "killed" antigen and a modified-live virus vaccine. 

Selenium supplementation did not alter lymphocyte subpopulations in calves. The 

percentage of T lymphocytes differ from percentages reported in previous studies. Fossum 

et. al. determined 54 % of lymphocytes were peanut agglutinin positive (T cells) in calves 

that were forty days old.!58 Outteridge and Dufty determined that 83% of lymphocytes in 

adult cattle formed E rosettes with sheep red blood cells (T cells), however, calves under 

nine months of age had fewer T cells than adults.!59 The discrepancy between the results 

of the present experiment and previous works could be related to the difference in 

determination of lymphocyte subpopulations. The use of monoclonal antibodies in the 

present experiment should allow a more sensitive estimate of lymphocyte subpopulations 

as compared to the use of lectins or sheep red blood cell rosette assays. 
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Table 1. Composition of ad libitum SMM fed to calves 

  

  
Ingredient kg/100 kg batch 

Trace mineral salt* 60 

Ground limestone IFN 6-01-069 27.5 

Dicalcium phosphate IFN 6-01-080 12.5 

Sodium selenite IFN 6-26-013 Varied with treatment 

  

* Trace mineral salt contained: NaCl, < 98%; Fe, > 0.232%; Mn, > 0.225%; Zn, > 0.200%; Mg, > 

0.100%; S, > 0.040%; Cu, > 0.023%; Co, > 0.007%; I, > 0.007%. 
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Table 2. Effect of Se supplementation and breed on blood Se concentrations in calves 

  

Supplemental Se 

None (Control) 

Injection * 

120 ppm Se in SMM 

Breed 

Angus 

Polled Hereford 

Crossbred 

__Whole Blood Se (ug/l) 

Day 0 Day 21 Day 42 

39+2.6 2942542 1941.84 

41426 394256 3641.86 

43 + 2.6 6442.5° 854+1.9¢ 

37+2849 424274 454204 

394294 394284 444214 

48+22© 50422° 514+1.6¢ 

  

Values are least square means + SEM. 

* Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight on d 0. 
+ Ad libitum salt mineral mixture. 

a,b,c Values within a column with different superscripts differ (p < 0.01). 

d,e Values within a column with different superscripts differ (p < 0.03). 
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Table 3. Body weight of calves given Se supplementation 

  

__ Body weight (kg) 

Supplemental Se Day 0 Day 28 Day 56 
None (Control) 249+7.6 287480 319492 
Injection * 246+7.7 285481 3124+9.4 
120 ppm Se SMM + 257+7.8 299482 32849.5 
  

Values are least square means + SEM. 

* Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight on d 0. 
+ Ad libitum salt mineral mixture. 
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Table 4. Serum anti-lysozyme IgG titers of calves inoculated with lysozyme on days 21 

  

  

and 42 

Titer (ELISA units)# 

Supplemental Se Day 35 Day 42 Day 49 Day 56 Day 35-568 

None (Control) 2.3+03 30403 474+04 5.1+0.4 3.8 +0.3 4 

Injection * 14404 22404 38404 42404 2.7+035b 

120ppmSeSMMt 2.5+04 34404 502404 54404 414034 

  

Values are least square means + SEM. 
# Expressed as ELISA units = positive titer at the following serum dilutions; 0 = < 1:25; 1 = 1:25; 2= 

1:50, 3 = 1:100, 4 = 1:200, 5 = 1:400, 6=1:800, 7=1:1600. 

* Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight on d 0. 
+ Ad libitum salt mineral mixture. 
§ Repeated measures over time. 
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Table 5. Effect of Se supplementation on postvaccinal tear anti-IBRV IgA of calves 
vaccinated with intranasal IBRV vaccine on day 21 

  

Supplemental Se 
None (Control) 

Injection* 

120 ppm Se SMMt 

_Day 21 

348 + 51 

228 + 52 

292 +52 

Relative Optical Densitv# 

Day 28 
321+ 334 

1244345 

189 + 345 

Day 35. 

791495 

681 + 97 

838 + 97 

_Day 42. 
662 + 98 

747 + 100 

808 + 100 

_Day 49 

443 + 60 

466 + 61 

439 + 61 

  

Values are least square means + SEM. 

# Relative optical density is calf optimal density relative to mean positive control. 
* Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight on day 0. 
{ Ad libitum salt mineral mixture. 

a, b Values with different superscripts differ (P < 0.05). 
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Table 6. Effect of Se supplementation on lymphocyte subpopulations 

  

BAS9A 

Supplemental Se B Cells 

None (Control) 19+ 3.0 

Injection* 21+2.6 

120 ppm Se SMM+ 19+2.6 

Surface Marker 

__Cell Type _ 

BAQ82A BAQIIIA CACTS83B 

T Cells T_suppressor Thelper 

2142.2 9+1.4 19+2.4 

18 + 1.9 1141.2 14+2.0 

244+1.9 10+ 1.2 18+ 2.0 

  

Values are least square means of percentage of cells for each marker + SEM. 

* Injection is 0.1 mg Se + 1.0 mg vitamin E/kg body weight on day 0. 
+ Ad libitum salt mineral mixture. 
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Figure 1. Effect of gender on anti-lysozyme titers 
Values are mean + SEM. ELISA Units = positive titers at the following serum 
dilutions: 1= < 1:25, 2 = 1:25, 3 = 1:50, 4 = 1:100, 5 = 1:200, 6 = 1:400. 
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Figure 2. Effect of breed on anti-lysozyme titers 
Values are mean + SEM. ELISA Units = positive titers at the following serum 
dilutions: 1= < 1:25, 2 = 1:25, 3 = 1:50, 4 = 1:100, 5 = 1:200, 6 = 1:400. 
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Summary 

The author believes that prolonged oral intake of Se is superior to parenteral Se in 

repletion and maintenance of Se concentrations in cattle. Gestating cows and growing 

calves that are Se-deficient require 5-6 mg Se/day to replete Se status. The current FDA 

restriction of 3 mg Se/head/day may be inadequate for Se repletion in gestating and 

growing cattle. 

Supplemental Se was shown to enhance humoral immune responses of Se-deficient 

cattle. The responses to lysozyme in Chapter 5 were unexpected, but enforced the belief 

that there are no "silver bullets" in immunoenhancement. 

The author would like to continue to work on Se and immune function in the bovine. 

Applied studies should be directed to large scale observations of correlations between Se 

status and respiratory disease in weaned feedlot calves . The interaction of modified-live 

virus vaccines with other antigens and Se status should be continued. In addition, the role 

of Se on immunoglobulin production in colostrum and absorption by neonatal calves 

should be further defined. Basic studies should be directed to the role of Se on GSH-PX 

and PHGPxX status of bovine leukocytes. The use of monoclonal antibodies should allow 

further definition of the role of Se on lymphocyte subset function. 

In conclusion, the author believes that Se-deficient cattle are immunodeficient relative to 

Se-adequate cattle. Immunodeficiency, however, only becomes clinically and 

economically important when the challenge exceeds resistance. 
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Appendix A 

Determination of anti- lysozyme antibodies in serum and colostrum 

A. Preparation of samples 
1. Serum - Blood was collected from the jugular vein into sterile glass tubes. Tubes were 

left at room temperature for 12 to 24 h. The tubes were centrifuged at 55OG for 10 min. 

The serum was decanted, placed in polypropylene tubes, and frozen at -20 °C until 

analysis. 

2. Colostrum - Whole colostrum was centrifuged at 300G for 10 min at 4 °C. The fat layer 

was removed and the whey fraction was sampled. 

B. Preparation of solutions 

1. Stock lysozyme - Add 10 mg of Lysozyme to 10 ml sterile saline. Decant into 1001 

aliquots and store at -70 °C until used. 

2. Carbonate coating buffer - Add 1.59 g sodium carbonate to 2.93 g sodium bicarbonate 

in 1 liter distilled water. 

3. Substrate - Dissolve 15 mg O-phenyldiamine in 1.0 ml of methanol, add 100 pl 

hydrogen peroxide and qs to 100 ml with distilled water. Prepare substrate immediately 

prior to use. 

C. Coating of Plates 

1. Add 100 pl of stock lysozyme solution to 19.9 ml of coating buffer. 

2. Add 50 pl of coating buffer with Lysozyme to a 84 wells of a 96 well ELISA plate 

(Nunc-immuno plate, A/S Nunc, Roskilde, Denmark). Add 50 11 coating buffer to 8 

wells. 

3. Incubate plate overnight at 4 °C. 

D. ELISA Procedure 
1. Wash plate in phosphate buffered saline (PBS) + Tween . 

2. Block - 

Chapter 3 - Add 100 1] PBS + 1% Bovine serum albumin (BSA) per well 

Chapter 4 & 5 - Add 100 p11] PBS + 1% Cold water fish skin gelatin (gelatin) per well. 

Incubate plate for 1 h at 37 °C. 

3. Wash plate in PBS-Tween. 
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4. Chapter 3- Serum samples were double diluted from 1:50 to 1:3200 in acid-tween + 

1% BSA. 

Chapter 4&5 - Serum or whey samples were double diluted from 1:25 to 1:1600 in 

PBS + 1% gelatin. 

Negative and positive control serums (or wheys) were included on each plate as well 

as an antigen-negative well. 

Incubate plate for 30 m at 37 °C. 

5. Wash plate in acid-Tween (Chapter 3) or PBS-Tween (Chapters 4 &5). 

6. Chapter 3 - Add 50 wl per well of Horse radish peroxidase (HRPO) - conjugated 

anti-bovine IgG (peroxidase-conjugated rabbit anti-bovine IgG, heavy and light chain 

specific, Cooper Biomedical Inc., Malvern, Pa.) diluted 1:400 in acid-tween + 1% 

BSA. 

Chapter 4 & 5 - Add 50 wl per well of or HRPO-conjugated anti-bovine IgG 

(Peroxidase-conjugated AffiniPure Goat Anti-Bovine IgG, Fc fragment, Accurate 

Chemical and Scientific Corp., Westbury, New York) diluted 1:3000 in PBS + 1% 

gelatin. 

Incubate plates for 30 min at 37 °C. 

7. Wash plate in acid-Tween (Chapter 3) or PBS-Tween (Chapters 4 &5). 

8. Add 100 pl of substrate per well. Incubate plates for 30 min at 25 °C in the dark. 

9. Add 20 pl of 8N H2SQOzq per well to stop color reaction. 

10. Read optical densities (at 450 nm) of wells on a Titertek Plate Reader. 

E. Expression of results of anti-lysozyme IgG 

Each plate contained a negative control serum (or whey) from a _ bovine that had not 

been inoculated with lysozyme. The control sample was double diluted as test samples. 

The optical densities for the negative control and day 0 samples for all test cattle were 

averaged together. The mean and standard deviation (SD) optical densities were 

determined. A positive titer was considered to be an optical density that was > mean + 2 

SD of the negative controls. 

A score (ELISA UNIT) was given to a positive titer at these dilutions: 

i.e. Serum (Chapter 3) 1=<1:50, 2=1:50, 3=1:100, 4=1:200, 5=1:400, 6=1:800, 

7=1:1600, 8=1:3200. 
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Appendix B 

Determination of anti-IBRV IgA in tears 

A. Preparation of tears 

1. Place cotton ball between eyelid and eye for 30 s. 

2. Place cotton ball into a polypropylene tube and store at 0 °C. 

3. Centrifuge tube at 450G for 10 min at 4 °C. Remove cotton ball from top of tube, tears 

are at the bottom of tube. 

4. Add diphiothreotol (Sputolysin ® Reagent, Behring Dignostics, LaJolla California) at 

1pl per 100! of tears. Incubate for 5 min at 4 °C. 

5. Centrifuge at 450G for 10 min at 4 °C. 

6. Remove supernatant and add 1 ul of 100 mmol disodium EDTA per 100 pl of 

supernatant. Store at -20 °C until analysis. 

B. Preparation of solutions 

. IBRV Antigen - IBRV antigen and tissue culture supernatant without IBRV antigen 

were kindly provided by Dr Richard Jacobson, Diagnostic Laboratory, New York State 

College of Veterinary Medicine, Ithaca, New York. 

2. Carbonate coating buffer - Add 1.59 g sodium carbonate to 2.93 g sodium bicarbonate 

in 1 liter distilled water. 

3. Substrate - Dissolve 15 mg O-phenyldiamine in 1.0 ml of methanol, add 100 pl 

hydrogen peroxide and qs to 100 m1 with distilled water. Substrate is prepared 

—
 

immediately prior to use. 

C. Coating of Plates 

Dilute IBRV antigen 1:175 with coating buffer. 

2. Add 50 il of coating buffer plus IBRV antigen or coating buffer plus culture 

supernatant without IBRV antigen to a 96 well ELISA plate (Nunc-immuno plate, A/S 

Nunc, Roskilde, Denmark) and shake plate for 5 min on an orbital shaker. 

3. Incubate plate overnight at 4 °C. 

—
 

. 

D. ELISA Procedure 

1. Wash plate with phosphate buffered saline (PBS) - Tween. 

2. Block wells with 100 1) PBS + 1% cold water fish skin gelatin (gelatin). Incubate 

plate for 1 h at 37 °C. 
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3. Wash plate with PBS -Tween. 

4. Add 50 ul of tears, double diluted from from 1:4 to 1:32 in PBS + 1% gelatin. 

Antigen-negative wells and and positive control tears were included on each plate. 

Incubate plates for 30 min at 37 °C. 

5. Wash plate with PBS-Tween. 

6. Add 50 pl per well of mouse anti-bovine IgA antisera (DAS 7 Culture Supernatant, 

Anti-bovine IgA, Ultimate Conceptions, Millers Falls, MA), diluted 1:1000 in PBS + 

1% gelatin. Incubate plates for 30 min at 37 °C. 

7. Wash plate in PBS-Tween. 

8. Add 50 pl per well of HRPO-conjugated anti-murine IgG (Peroxidase conjugated 

AffiniPure Rabbit Anti-Mouse IgG, H+L, Accurate Chemical and Scientific 

Corporation, Westbury, New York ) diluted 1:500 in PBS + 1% gelatin, per well. 

Incubate plates for 30 min at 37 °C. 

7. Wash plate in PBS-Tween. 

8. Add 100 11 of substrate per well and incubate plates for 30 min at 25 °C in the dark. 

9. Add 20 pl of 8N H2SOgq per well to stop the color reaction. 

10. Read optical densities (at 450 nm) of wells on a Titertek Plate Reader. 

E. Expression of results of anti-IBRV IgA 

A positive control tear sample was determined from pilot assays and was included on 

all plates. Negative controls were tear samples placed in wells that contained cell 

culture supernatant without IBRV. Optical density (OD) results between plates were 

normalized to the means positive control with the equation: 

relative OD = test sample OD * mean pos control OD 

plate pos control OD 

This equation is adapted from Ali and Ramanarayanan 164 and Gershwin and Olsen. !65 
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Appendix C. 

Determination of IgG in colostrum and serum 

A. Preparation of Agarose 
1. Add 0.8 g Agarose II + 50 ml Trizma barbital buffer + 50 ml distilled water and boil 

mixture. 

2. Place boiling agarose in a 56 °C water bath and allow agarose to cool to 56 °C. 

3. Add 600 pul of Anti-Bovine IgG (Anti-bovine IgG serum, Lyo. ICN 

Immunobiologicals, Lisle, IL) to 20 ml of agarose. 

4. Pour 20 ml agarose onto a 10 X 9 cm glass plate that is positioned on a leveling table. 

5. Allow the agarose to cool to room temperature and cut holes into the agarose with a 

2.5 mm punch. Remove agarose with suction applied to the punch. 

B. Preparation of IgG Standards 

1. Dilute bovine IgG molecule (Chrompure Bovine IgG, whole molecule, Accurate 

Chemical and Scientific Corp., Westbury, NY) to 1.375, 0.6875, 0.34375, 0.171875, 

and 0.0858375 mg/ml in Hanks Balanced Salt Solution (HBSS). 

C. Preparation of Samples 

1. Colostrum - Centrifuge colostrum at 300 G for 10 min a 4 °C. Remove the fat layer and 

sample the whey fraction. Dilute whey 1:300 in HBSS. 

2. Pre and post-suckle serum - Dilute serum 1:100 in phosphate buffered saline. 

D. Loading the plate 

1. Add 3 yl of standards or diluted colostrum/serum to each well. Two sets of standards 

were placed on each plate. 

2. Incubate plates for 24 h at room temperature in an air-tight chamber. 

Measure immunodiffusion rings. Plot the diameter of the standards against the 

corresponding log of concentration. Establish a standard curve and determine the 

regression equation for the curve. Determine IgG concentrations of samples by 

inserting the diameter of the sample into the regression equation derived from the 

standard curve. 
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Appendix D 

Determination of IgM in colostrum and serum 

A.Loading the plate 
1. Add 3 ul of IgM standards (0.75, 1.5, 3.0 and 6.0 mg/ml) or whole colostrum/serum 

to each well on plates.(Bovine IgM SRID kit, VMRD, Pullman Washington) 

2. Incubate plates at room temperature for 48 hours. 

B. Determination of IgM 
Measure immunodiffusion rings. Plot the diameter of the standards against the 

corresponding log of concentration. Establish a standard curve and determine the 

regression equation for the curve. Determine IgM concentrations of samples by 

inserting the diameter of the sample into the regression equation derived from the 

standard curve. 

102



Appendix E 

Determination of lymphocyte subtypes with monoclonal antibodies 

A. Preparation of Solutions 

1. Lysis Buffer - Mix 8.04 g NH4C] with 840.1 mg NaHCO3 and 2.93 g EDTA-free acid 

in 1 liter of distilled water. Adjust pH of solution to 7.4 with 10% NaOH. 

B. Assay 

1. Collect venous blood into glass tubes (10 ml) that contain Na heparin. 

2. Add 1.5 ml heparinized blood to a 15 ml centrifuge tube, qs to 15 ml with Lysis 

buffer, incubate at room temperature for 10 min. Centrifuge at 300 g for 10 min. 

3. Wash pellet twice in Hanks buffered salt solution (HBSS). 

4. Resuspend pellet to 0.5 ml with HBSS. Add 50 ul of cells to a round bottom microtiter 

plate (Disposable Sterile Multiple Well Plates, Corning Glass Works, Corning, New 

York). 

5. Dilute primary antibody 2 to 30 ug/ml in HBSS with 1% gamma globulin-free horse 

serum and 0.1 % Na Azide. Add 50 tl of MoAb to each well. Negative control is 

diluent without antibody. Incubate cells for 30 min at 4 °C. 

6. Wash plates twice with HBSS. 

7. Dilute secondary antibody (Fluorescein Conjugated AffiniPure Goat-AntiMouse IgG 

and IgM, H+L, Accurate Chemical and Scientific Corporation, Westbury, NY) 1:20 in 

HBSS. Add 50 pl secondary antibody solution to each well and incubate for 30 min at 

4 Cin the dark. 

8. Wash plate twice in HBSS. 

9. Analyze cells on flow cytometer for % of cells tagged with fluorescein. If analysis is 

not immediately available, fix the cells with 50 11 of 1% phosphate buffered formalin 

and then immediately wash the cells twice in HBSS. Cells can be stored for 2 weeks at 

4 °C in the dark. 

  

4 Monoclonal Antibodies for lymphocyte markers 

anti-BAQ111A - T suppressor 

anti-CACT83B - T helper 

anti-BAS9A- B cells 

anti-BAQ82A - Pan T cell 

VMRD Inc, Pullman, Washington 
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Appendix F 

Preparation of selenized salt-mineral mixture 

A. Preparation of selenized premix 
Add appropriate amounts of sodium selenite (AESAR, Seabrook, NH) with 1.13 kg of 

ground limestone (James River Limestone, Buchanan, VA) and mix for 10 min ina 

twin shell mixer. (Liquid-Solids Blender, Patterson-Kelley Co. Inc., East Stroudsburg, 

Pa). 

B. Preparation of selenized salt-mineral mixture 
The Se premix and other ingredients were mixed for 10 min in a horizontal mixer. 

(Marion Mixer, Rapids Machinery Co., Marion, IA). 
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Appendix G 

Calender - Chapter 3 

Date Day Procedure(s) 
10/28/86 0 Start experiment, body weight, blood Se 

11/11/86 14 Inject group 2 with Se 

11/25/86 28 Inoculate with Lysozyme, blood Se, body weight, 

serum for anti-lysozyme titers 

12/5/86 38 Serum for anti-lysozyme titers 

12/9/86 42 Serum for anti-lysozyme titers 

12/16/86 49 Serum for anti-lysozyme titers 

12/23/86 56 Inoculate with lysozyme, serum for lysozyme titer, 

body weight 

12/30/86 63 Serum for anti-lysozyme titer 

1/2/87 66 Serum for anti-lysozyme titer 

1/6/87 70 Serum for anti-lysozyme titer, blood Se, body weight 
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Appendix H 

Calendar - Chapter 4 

Date Day Procedure(s) 
11/5/87 0 Start experiment, body weight, blood Se, inject groups 2 and 4 

with Se 

12/4/87 28 Inoculate with lysozyme, blood Se, serum for 

anti-lysozyme titer 

12/17/87 42 Serum for anti-lysozyme titer 

12/31/87 56 Serum for anti-lysozyme titers, boost lysozyme, blood Se 

1/12/88 70 Serum for anti-lysozyme titers 

1/26/88 84 Serum for anti-lysozyme titers, blood Se 

2/10-4/14/88 Prepartum weights of cows, approximately 2 weeks prepartum 

2/11-5/6/88 Cows calved: Cow - colostrum, blood Se, body weight 

Calf - blood Se, body weight, pre and post-suckle serum 

5/5/88 Cows - body weight for cows that calved prior to 3/20/88 

Calves - blood Se and body weight 

5/31/88 Cows - body weight for cows that calved after to 3/20/88 

Calves - blood Se and body weight 
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Appendix I 

Calendar - Chapter 5 

Date Day Procedure(s) 
11/18/88 0 Start experiment, body weight, blood Se, inject group 2 with Se 

12/4/87 21 Inoculate with lysozyme, intranasal IBRV blood Se, 

serum for anti-lysozyme titer, tears for anti-IBRV titers 

12/9/88 28 Tears for IBRV titers, body weight 

12/23/88 35 Serum for anti-lysozyme titer, tears for IBRV titers 

12/30/88 42 Serum for anti-lysozyme titers, tears for IBRV titers, whole 

blood Se, boost lysozyme 

1/6/89 49 Serum for anti-lysozyme titers, tears for IBRV titers 

1/13/89 56 Serum for anti-lysozyme titers, body weight 
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Appendix J 

General Linear Model Tables - Chapter 3 

Calf whole blood selenium 

  

  

  

  

  

Table 1. Day 0 

Source DF Type II SS F value PR>F 

treatment (trt) 5 1285.66 0.85 0.5207 
breed (b) 3 955.78 1.06 0.3778 
sex (Ss) 1 431.82 1.43 0.2382 
trt*s 3 1952.92 2.33 0.0881 
b*s 5 2107.76 1.30 0.2843 
error 42 12666.20 

Table 2. Day 28 

Source DF Type II SS F value PR>F 

treatment (trt) 5 25819.37 4.75 0.0016 
breed (b) 3 8324.58 2.55 0.0683 
sex (s) 1 127.14 0.12 0.7341 
trt*s 3 2624.20 0.48 0.7871 
b*s 3 2554.64 0.78 0.5100 
error 42 45665.90 

Table 3. Day 70 

Source DF Type I SS F value PR>F 

treatment (trt) 5 37818.39 14.12 0.0001 
breed (b) 3 971.63 0.60 0.6157 
sex (s) 1 1179.54 2.20 0.1453 

trt*s 3 9930.67 3.71 0.0072 
b*s 5 477.22 0.30 0.8274 
error 42 25502.47 
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Table 4. Day 38 

Calf anti-lysozyme titers 

  

  

  

  

  

Source DF Type II SS F value PR>F 

treatment (trt) 5 2.233 1.11 ~ 0.3703 
breed (b) 3 0.435 0.36 0.7815 
sex (s) 1 0.002 0.01 0.9376 

trt*s 5 1.211 0.60 0.6986 
b*s 3 2.494 2.07 0.1200 
error 40 16.091 

Table 5. Day 42 

Source DF Type D1 SS F value PR>F 

treatment (trt) 5 9.78 1.12 0.3630 
breed (b) 3 3.66 0.70 0.5574 
sex (s) 1 0.33 0.19 0.6679 

trt*s 5 4.54 0.52 0.7588 
b*s 3 8.97 1.72 0.1781 
error 42 73.12 

Table 6. Day 49 

Source DF Type I SS F value PR>F 

treatment (trt) 5 18.48 1.68 0.1603 
breed (b) 3 4.93 0.75 0.5298 
sex (s) 1 1.23 0.56 0.4592 

trt*s 5 3.24 0.30 0.2750 
b*s 3 8.81 1.34 0.9129 
error 42 90.02 
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Table 7. Day 56 

  

  

  

  

  

Source DF Type II SS F value PR>F 

treatment (trt) 5 23.35 2.06 0.0903 
breed (b) 3 9.34 1.38 0.2640 
sex (Ss) 1 0.78 0.35 0.5556 

trt*s 5 4.48 0.40 0.8484 
b*s 3 12.77 1.88 0.1484 
error 42 90.53 

Table 8. Day 63 

Source DF Type HI SS F value PR>F 

treatment (trt) 3 43.91 2.89 0.0256 
breed (b) 2 15.56 1.71 0.1812 
sex (s) 1 0.86 0.28 0.5977 

trt*s 3 9.93 0.65 0.6609 
b*s 2 9.64 1.06 0.3779 
error 40 121.60 

Table 9. Day 66 

Source DF Type III SS F value PR>F 

treatment (tt) 5 51.82 3.28 0.0145 
breed (b) 3 7.95 0.84 0.4814 
sex (s) 1 3.81 1.20 0.2794 

trt*s 5 7.51 0.47 0.7926 
b*s 3 8.77 0.92 0.4382 
error 42 123.39 
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Table 10. Day 70 

  

  

  

Source DF Type HI SS F value PR>F 

treatment (tt) 5 37.63 2.36 0.0568 
breed (b) 3 10.80 1.13 0.3485 
sex (s) 1 1.46 0.46 0.5017 
trt*s 5 7.86 0.49 0.3494 
b*s 3 10.77 1.13 0.7793 
error 41 130.71 

Table 11. Calf anti-lysozyme titers over time 

Source DF Type D1 SS F value PR>F 

treatment (trt) 5 186.52 61.98 0.0187 
sex (Ss) 1 11.78 19.57 0.3331 
trt*s 5 32.01 10.64 0.7601 
calf(trt*b*s) 48 591.42 20.47 0.0001 
Time 6 348.88 96.61 0.0001 
trt*time 30 37.90 2.10 0.0010 
error 313 188.39 
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Table 12. Day 0 

Calf body weight 

  

  

  

  

  

Source DF Type HI SS F value PR>F 

treatment (trt) 3 1155.67 0.34 0.8846 
breed (b) 3 34795.39 17.15 0.0001 
sex (Ss) 1 2287.77 3.38 0.0729 

trt*s 5 7231.74 2.14 0.0794 
b*s 3 10895.64 5.37 0.0032 
error 42 28398.50 

Table 13. Day 28 

Source DF Type HI SS F value PR>F 

treatment (trt) 5 1922.46 0.48 0.7879 
breed (b) 3 41277.67 17.24 0.0001 
sex (S) 1 2778.72 3.48 0.0691 
trt*s 5 11109.43 2.78 0.0293 
b*s 3 12805.81 5.35 0.0033 
error 42 33522.64 

Table 14. Day 56 

Source DF Type OI SS F value PR>F 

treatment (trt) 5 918.72 0.22 0.9521 
breed (b) 3 43038.26 17.16 0.0001 
sex (Ss) 1 2581.58 3.09 0.0862 
trt*s 5 11198.90 2.68 0.0345 
b*s 3 12965.95 5.17 0.0039 
error 42 35121.20 
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Table 15. Day 70 

  

Source DF Type I SS F value PR>F 

treatment (trt) 5 692.91 0.16 0.9743 
breed (b) 3 43445.11 17.16 0.0001 
sex (s) 1 2122.69 2.52 0.1203 
trt*s 5 10672.42 2.53 0.0434 
b*s 3 12477.07 4.93 0.0051 
error 42 35447.61 
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Appendix K 

General Linear Model Tables - Chapter 4 

Calf whole blood selenium 

Table 1. Birth 

  

  

  

Source DF Type D1 SS F value PR>F 

treatment (trt) 3 115259.65 71.75 0.0001 
breed (b) 2 4.23 0.0 0.9961 
sex (s) 1 1724.19 3.22 0.0778 
trt*b 6 1232.91 0.38 0.8866 
trt*s 3 1116.78 0.70 0.5586 
b*s 2 1654.58 1.55 0.2217 
Contrasts 
1&2 vs. 3&4 1 113396 211.77 0.0001 
1&3 vs. 2&4 1 678 1.27 0.2648 
error 60 32127.68 

Table 2. Day 60 

Source DF Type TI SS F value PR>F 

treatment (trt) 3 25816.09 18.09 0.0001 
breed (b) 2 1235.95 1.30 0.2803 
sex (Ss) 1 0.31 0.00 0.9799 
trt*b 6 5019.62 1.76 0.1231 
trt*s 3 847.29 0.59 0.6215 
b*s 2 4.00 0.00 0.9958 
Contrasts 
1&2 vs. 3&4 1 25355.14 §3.31 0.0001 
1&3 vs. 2&4 1 166.71 0.35 0.5572 
error 60 28538.85 

 



Calf weights 

Table 3. Birth weight 

  

Source DF Type Ill SS F value PR>F 

treatment (trt) 3 95.97 1.29 0.2845 
breed (b) 2 215.37 4.36 0.0171 
sex (s) 1 272.19 11.02 0.0015 
trt*b 6 314.70 2.12 0.0636 
trt*s 3 45.67 0.62 0.6072 
b*s 2 43.24 0.88 0.4220 
Contrasts 
1&2 vs. 3&4 1 4.36 0.42 0.6756 
1&3 vs. 2&4 1 92.44 1.93 0.0578 
error 60 1482.27 

  

Table 4. Average daily gain 

  

Source DF Type HI SS F value PR>F 

treatment (trt) 3 0.2660 4.07 0.0108 
breed (b) 2 0.6882 15.80 0.0001 
sex (s) 1 0.0019 0.09 0.7704 
trt*b 6 0.0867 0.66 0.6796 
trt*s 3 0.0644 0.99 0.4060 
b*s 2 0.0239 0.55 0.5803 
Contrasts 
1&2 vs. 3&4 1 0.2530 11.62 0.0012 
1&3 vs. 2&4 1 0.0031 0.15 0.7047 
error 58 1.2634 
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Calf post-suckle immunoglobulins 

  

  

  

Table 5. IgG 

Source DF Type IT SS F value PR>F 

treatment (trt) 3 2210.86 2.80 0.0475 
breed (b) 2 398.61 0.76 0.4731 
sex (Ss) 1 7.13 0.03 0.8698 
trt*b 6 1537.77 0.97 0.4504 
trt*s 3 399.89 0.51 0.6791 
b*s 2 23.25 0.04 0.9568 
Contrasts 
1&2 vs. 3&4 1 1864.35 7.09 0.0099 
1&3 vs. 2&4 1 148.10 0.56 0.4560 
error 60 15781.04 

Table 6. IgM 

Source DF Type HI SS F value PR>F 

treatment (trt) 3 2.80 0.74 0.5319 
breed (b) 2 11.30 4.48 0.0153 
sex (Ss) 1 0.02 0.02 0.8953 
tt*b 6 6.07 0.80 0.5718 
trt*s 3 0.98 0.26 0.8548 
b*s 2 1.33 0.53 0.5916 
Contrasts 
1&2 vs. 3&4 1 0.60 0.47 0.4935 
1&3 vs. 2&4 1 1.89 1.50 0.2250 
error 60 75.59 
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Table 7. Anti-lysozyme titer 

  

Source DF Type 1 SS F value PR>F 

treatment (trt) 3 8.54 0.79 0.5025 
breed (b) 2 24.37 3.40 0.0401 
sex (Ss) 1 6.47 1.80 0.1843 
trt*b 6 14.48 0.67 0.6719 
trt*s 3 5.06 0.47 0.7037 
b*s 2 1.01 0.14 0.8694 
Contrasts 
1&2 vs. 3&4 1 7.45 2.08 0.1547 
1&3 vs. 2&4 1 0.28 0.08 0.7816 
error 60 215.27 
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Table 8. Neutrophils 

Calf leukocytes at birth 

  

  

  

Source DF Type OI SS F value PR>F 

treatment (trt) 3 29897987 0.58 0.6334 
breed (b) 2 222004177 6.41 0.0030 
sex (s) 1 9245734 0.53 0.4679 
trt*b 6 49411614 0.48 0.8239 
trt*s 3 14101368 0.27 0.8458 
b*s 2 9673832 0.28 0.7573 
Contrasts 
1&2 vs. 3&4 1 23759136 1.37 0.2462 
1&3 vs. 2&4 1 3457857 0.20 0.6566 
error 59 1021844800 

Table 9. Lymphocytes 

Source DF Type HI SS F value PR>F 

treatment (trt) 3 6937899 0.68 0.5677 
breed (b) 2 14077842 2.07 0.1352 
sex (s) 1 4233922 1.25 0.2690 
trt*b 6 9836665 0.48 0.8190 
trt*s 3 10724448 1.05 0.3767 
b*s 2 3493460 0.51 0.6009 
Contrasts 
1&2 vs. 3&4 1 5651736 1.66 0.2023 
1&3 vs. 2&4 1 155862 0.05 0.8312 
error 59 200593676 
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Table 10. Monocytes 

  

Source DF Type III SS F value PR>F 

treatment (trt) 3 96575 0.23 0.8783 
breed (b) 2 116001 0.41 0.6681 
sex (s) 1 333579 2.34 0.1318 
trt*b 6 494115 0.58 0.7273 
trt*s 3 310351 0.72 0.5415 
b*s 2 126542 0.43 0.6509 
Contrasts 
1&2 vs. 3&4 1 27915 0.20 0.6600 
1&3 vs. 2&4 1 637 0.00 0.9470 
error 59 8425586 
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Table 11. B cells 

Calf lymphocyte subtypes 

  

  

  

  

  

Source DF Type DISS F value PR>F 

treatment (trt) 3 27.25 0.8896 
error 12 526.50 

Table 12. T cells 

Source DF Type HI SS F value PR>F 

treatment (trt) 3 30.69 0.7788 
error 12 335.25 

Table 13. T-suppressor cells 

Source DF Type TI SS F value PR>F 

treatment (trt) 3 58.50 0.7176 
error 12 $12.50 
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Table 14. Day 0 

Cow Selenium 

  

  

  

  

  

Source DF Type II SS F value PR>F 

treatment (trt) 3 444.47 1.93 0.1337 
breed (b) 2 1574.64 10.24 0.0001 
trt*b 6 378.54 0.82 0.5582 
Contrasts 
1&2 vs. 3&4 1 391.45 5.09 0.0273 
1&3 vs. 2&4 1 37.74 0.49 0.4860 
error 67 $153.28 

Table 15. Day 28 

Source DF Type II SS F value PR>F 

treatment (trt) 3 23089.35 41.83 0.0001 
breed (b) 2 1814.11 4.93 0.0100 
trt*b 6 1317.80 1.19 0.3203 
Contrasts 
1&2 vs. 3&4 1 10703 58.17 0.0001 
1&3 vs. 2&4 1 10797 58.68 0.0001 
error 68 12512.09 

Table 16. Day 56 

Source DF Type I SS F value PR>F 

treatment (trt) 3 44323.58 72.96 0.0001 
breed (b) 2 372.17 0.92 0.4038 
trt*b 6 1875.87 1.54 0.1773 
Contrasts 
1&2 vs. 3&4 1 32401.11 160.01 0.0001 
1&3 vs. 2&4 1 10934.11 54.00 0.0001 
error 68 13759.67 
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Table 17. Parturition 

  

Source DF Type D1 SS F value PR>F 

treatment (trt) 3 86277.70 169.32 0.0001 
breed (b) 2 68.18 0.20 0.8187 
trt*b 6 1633.84 1.60 0.1599 
Contrasts 
1&2 vs. 3&4 1 84300.18 496.31 0.0001 
1&3 vs. 2&4 1 2443.79 14.39 0.0003 
error 67 11380.24 
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Table 18. Anti-lysozyme titer 

Colostral immunoglobulins 

  

  

  

  

  

Source DF Type III SS F value PR>F 

treatment (trt) 3 0.52 0.05 0.9857 
breed (b) 2 29.40 4.08 0.0212 

tri*b 6 10.27 0.48 0.8240 
Contrasts 
1&2 vs. 3&4 1 0.23 0.06 0.8660 
1&3 vs. 2&4 1 0.10 0.03 0.8001 
error 68 244.82 

Table 19. Colostral IgG 

Source DF Type 1 SS F value PR>F 

treatment (trt) 3 20922.65 3.74 0.0150 
breed (b) 2 4006.75 1.08 0.3469 
trt*b 6 9978.67 0.89 0.5053 
Contrasts 
1&2 vs. 3&4 1 19426.85 10.43 0.0019 
1&3 vs. 2&4 1 46.66 0.03 0.8747 
error 68 126682.15 

Table 20. Colostral IgM 

Source DF Type lI SS F value PR>F 

treatment (trt) 3 2.50 0.26 0.8527 
breed (b) 2 37.66 5.92 0.0043 
trt*b 6 10.62 0.56 0.7630 
Contrasts 
1&2 vs. 3&4 1 0.18 0.06 0.8104 
1&3 vs. 2&4 1 1.55 0.49 0.4870 
error 68 126682.15 
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Table 21. Day 14 

Cow serum anti-lysozyme titers 

  

  

  

  

  

Source DF Type D1 SS F value PR>F 

treatment (trt) 3 3.17 0.56 0.6409 
breed (b) 2 0.35 0.09 0.9114 
trt*b 6 20.32 1.81 0.1110 
Contrasts 
1&2 vs. 3&4 1 1.49 0.80 0.3756 
1&3 vs. 2&4 1 0.84 0.45 0.5058 
error 68 127.58 

Table 22. Day 28 

Source DF Type III SS F value PR>F 

treatment (trt) 3 2.68 0.37 0.7714 
breed (b) 2 7.13 1.49 0.2317 
trt*b 6 40.41 2.82 0.0163 
Contrasts 
1&2 vs. 3&4 1 0.69 0.29 0.5937 
1&3 vs. 2&4 1 0.11 0.05 0.8317 
error 68 162.21 

Table 23. Day 42 

Source DF Type D1 SS F value PR>F 

treatment (trt) 3 2.50 0.24 0.8674 
breed (b) 2 9.00 1.30 0.2793 
trt*b 6 23.90 1.15 0.3434 
Contrast 
1&2 vs. 3&4 1 0.14 0.04 0.8398 
1&3 vs. 2&4 1 2.36 0.68 0.4123 
error 68 235.50 
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Table 24. Day 56 

  

Source DF Type TI SS F value PR>F 

treatment (trt) 3 2.72 0.28 0.8367 
breed (b) 2 17.29 2.71 0.0739 

trt*b 6 27.91 1.46 0.2063 
Contrast 
1&2 vs. 3&4 1 0.82 0.26 0.6129 
1&3 vs. 2&4 1 0.85 0.27 0.6066 
error 68 217.10 
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Table 25. Day 0 

Cow body weights 

  

  

  

  

  

Source DF Type D1 SS F value PR>F 

treatment (trt) 3 5918.56 0.50 0.6857 
breed (b) 2 27279.77 3.44 0.0379 
trt*b 6 10217.89 0.43 0.8572 
Contrast 
1&2 vs. 3&4 1 2057.20 0.52 0.4741 
1&3 vs. 2&4 1 2233.14 0.56 0.4559 
error 68 270001.47 

Table 26. Approximately 2 weeks prepartum 

Source DF Type II SS F value PR>F 

treatment (trt) 3 10933.92 0.84 0.4765 
breed (b) 2 15131.77 1.74 0.1826 
trt*b 6 15087.08 0.58 0.7450 
Contrast 
1&2 vs. 3&4 1 1556.26 0.36 0.5512 
1&3 vs. 2&4 1 6267.11 1.45 0.2336 
error 68 286179.66 

Table 27. Postpartum 

Source DF Type II SS F value PR>F 

treatment (trt) 3 14130.20 1.23 0.3058 
breed (b) 2 30394.81 3.97 0.0235 
trt*b 6 19103.26 0.83 0.5500 
Contrast 
1&2 vs. 3&4 1 1727.58 0.45 0.5042 
1&3 vs. 2&4 1 6027.56 1.57 0.2140 
error 68 260505.33 
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Table 28. Breeding 

  

Source DF Type II SS F value PR>F 

treatment (trt) 3 32109.43 3.29 0.0262 
breed (b) 2 11339.93 1.74 0.1834 
trt*b 6 2951.97 0.15 0.9882 
Contrast 
1&2 vs. 3&4 1 27241.40 8.36 0.0052 
1&3 vs. 2&4 1 4838.68 1.49 0.2273 
error 65 211696.19 
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Table 29. Neutrophils 

Cow leukocytyes at parturition 

  

  

  

  

  

Source DF Type III SS F value PR>F 

treatment (trt) 3 24081843 1.46 0.2323 
breed (b) 2 66842871 6.10 0.0037 
trt*b 6 69628023 2.12 0.0628 
Contrast 
1&2 vs. 3&4 1 15837809 2.89 0.0939 
1&3 vs. 2&4 1 74628 0.01 0.9075 

error 66 361753937 

Table 30. Lymphocytes 

Source DF Type II SS F value PR>F 

treatment (trt) 3 3825297 0.54 0.6556 
breed (b) 2 593956 0.13 0.8817 
trt*b 6 26999445 1.91 0.0920 
Contrast 
1&2 vs. 3&4 1 1508648 0.64 0.4263 
1&3 vs. 2&4 1 206509 0.09 0.7680 
error 68 155408622 

Table 31. Monocytes 

Source DF Type III SS F value PR>F 

treatment (trt) 3 767795 1.28 0.2869 
breed (b) 2 477779 1.20 0.3079 
trt*b 6 1093900 0.92 0.4897 
Contrast 
1&2 vs. 3&4 1 591339 2.97 0.0896 
1&3 vs. 2&4 1 3086 0.02 0.9013 
error 68 13147670 
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Table 32. Eosinophils 

  

Source DF Type II SS F value PR>F 

treatment (trt) 3 317208 1.58 0.2019 
breed (b) 2 778927 5.83 0.0047 
trt*b 6 431458 1.08 0.3858 
Contrast 
1&2 vs. 3&4 1 109505 1.64 0.2050 
1&3 vs. 2&4 1 147007 2.20 0.1428 
error 68 4409914 
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Cow lymphocyte subtypes at breeding 

Table 33. B cells 

  

  

  

  

  

Source DF Type II SS F value PR>F 

treatment (trt) 3 254.19 0.42 0.7402 
error 12 2405.75 

Table 34. T cells 

Source DF Type DI SS F value PR>F 

treatment (trt) 3 137.25 0.88 0.4779 
error 12 622.50 

Table 35. T-suppressor cells 

Source DF Type DI SS F value PR>F 

treatment (trt) 3 201.19 1.13 0.3743 
error 12 709.25 
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Appendix L 

General Linear Model Tables - Chapter 5 

Calf blood selenium 

  

  

  

  

  

Table 1. Day 0 

Source DF Type ISS F value PR>F 

treatment (trt) 2 131.42 0.64 0.5298 
breed (b) 2 1059.57 5.68 0.0062 
sex (s) 1 23.45 0.23 0.6339 
trt*b 4 180.86 0.44 0.7767 
trt*s 2 142.19 0.70 0.5033 
b*s 2 0.98 0.00 0.9952 
error 46 4693.09 

Table 2. Day 21 

Source DF Type III SS F value PR>F 

treatment (trt) 2 9630.90 50.16 0.0001 
breed (b) 2 1120.33 5.84 0.0055 
sex (s) 1 97.38 1.01 0.3191 
trt*b 4 149.69 0.39 0.8148 
trt*s 2 160.71 0.84 0.4395 
b*s 2 149.14 0.78 0.4658 
error 46 19475.33 

Table 3. Day 42 

Source DF Type TI SS F value PR>F 

treatment (trt) 2 36018.15 350.53 0.0001 
breed (b) 2 440.03 4.28 0.0197 
sex (s) 1 12.22 0.24 0.6281 
trt*b 4 564.01 2.74 0.0395 
trt*s 2 13.25 0.13 0.8793 
b*s 2 60.52 0.59 0.5590 
error 46 2363.32 
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Calf body weights 

  

  

  

  

  

Table 4. Day 0 

Source DF Type D1 SS F value PR>F 

treatment (trt) 2 800.76 0.44 0.6451 
breed (b) 2 282.41 0.16 0.8559 
sex (Ss) 1 5.87 0.01 0.9362 

trt*b 4 1110.69 0.31 0.8719 
trt*s 2 783.4 0.43 0.6512 
b*s 2 8699.89 4.81 0.0127 
error 46 41612.02 

Table 5. Day 28 

Source DF Type D1 SS F value PR>F 

treatment (trt) 2 1759.21 0.88 0.4205 
breed (b) 2 618.32 0.31 0.7348 
sex (S) 1 42.87 0.04 0.8366 
trt*b 4 932.93 0.23 0.9178 
trt*s 2 884.38 0.44 0.6443 
b*s 2 11339.71 5.69 0.0062 
error 46 45837.95 

Table 6. Day 56 

Source DF Type II SS F value PR>F 

treatment (trt) 2 1808.68 0.68 0.5117 
breed (b) 2 657.75 0.25 0.7820 
sex (s) ] 26.98 0.02 0.8874 

trt*b 4 677.22 0.13 0.9718 
trt*s 2 1561.00 0.59 0.5602 
b*s 2 8277.65 3.11 0.0540 
error 46 61187.00 
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Table 7. Day 35 

Serum anti-lysozyme titers 

  

  

  

  

  

Source DF Type III SS F value PR>F 

treatment (trt) 2 10.63 2.79 0.0718 
breed (b) 2 9.65 2.53 0.0905 
sex (S) 1 10.14 §.32 0.0256 
trt*b 4 11.46 1.50 0.2168 
trt*s 2 7.27 1.91 0.1600 
b*s 2 0.87 0.23 0.7960 
error 46 87.63 

Table 8. Day 42 

Source DF Type 1 SS F value PR>F 

treatment (trt) 2 12.14 3.16 0.0517 
breed (b) 2 19.52 5.08 0.0101 
sex (Ss) 1 7.82 4.07 0.0494 

trt*b 4 13.62 1.77 0.1504 
trt*s 2 3.95 1.03 0.3654 
b*s 2 0.77 0.20 0.8182 
error 46 88.33 

Table 9. Day 49 

Source DF Type II SS F value PR>F 

treatment (trt) 2 12.56 3.18 0.0510 
breed (b) 2 14.56 3.68 0.0329 
sex (Ss) 1 7.27 3.68 0.0614 
trt*b 4 4.95 0.63 0.6459 
trt*s 2 2.93 0.74 0.4823 
b*s 2 0.78 0.20 0.8222 
error 46 90.98 
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Table 10. Day 56 

  

  

  

Source DF Type DI SS F value PR>F 

treatment (trt) 2 11.56 2.83 0.0691 
breed (b) 2 12.44 3.05 0.0572 
sex (s) 1 4.84 2.37 0.1306 

trt*b 4 7.45 0.91 0.4641 
trt*s 2 10.22 2.50 0.0928 
b*s 2 0.59 0.15 0.8651 
error 46 93.89 

Table 11. Anti-lysozyme titers: Repeated measures over time 

Source DF Type D1 SS F value PR>F 

treatment (trt) 2 44.41 3.49 0.0691 
breed (b) 2 55.91 4.40 0.0572 
sex (s) 1 30.07 4.73 0.1306 
trt*b 4 32.75 1.29 0.4641 
trt*s 2 21.80 1.71 0.0928 
b*s 2 1.02 0.09 0.8651 
calf (trt*b*s) 46 292.38 13.27 0.0001 
time 3 265.92 185.08 0.0001 
trt*time 6 0.63 0.22 0.9699 
b*time 6 2.43 0.85 0.5348 
s*time 6 0.83 0.58 0.6294 
error 162 905.66 
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Table 12. Day 21 

Tear anti-IBRV IgA titers 

  

  

  

  

  

Source DF Type I SS F value PR>F 

treatment (trt) 2 117712 1.45 0.2441 
breed (b) 2 211887 2.62 0.0838 
sex (s) 1 115548 2.86 0.0978 
trt*b 4 127223 0.79 0.5402 
trt*s 2 170496 2.11 0.1332 
b*s 2 38229 0.47 0.6260 
error 46 1861595 

Table 13. Day 28 

Source DF Type HI SS F value PR>F 

treatment (trt) 2 326728 9.31 0.0004 
breed (b) 2 118309 3.37 0.0430 
sex (s) 1 40407 2.30 0.1359 

trt*b 4 69521 0.99 0.4221 
trt*s 2 97462 2.78 0.0726 
b*s 2 138399 3.94 0.0262 
error 46 807005 

Table 14. Day 35 

Source DF Type D1 SS F value PR>F 

treatment (trt) 2 197820 0.70 0.5010 
breed (b) 2 39751 0.14 0.8689 
sex (s) 1 55767 0.40 0.5325 
trt*b 4 700360 1.24 0.3065 
trt*s 2 868251 3.08 0.0556 
b*s 2 1153175 4.09 0.0232 
error 46 6485352 
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Table 15. Day 42 

  

  

  

Source DF Type II SS F value PR>F 

treatment (trt) 2 167925 0.56 0.5746 
breed (b) 2 752081 2.51 0.0922 
sex (S) 1 764782 5.11 0.0286 
trt*b 4 515576 0.86 0.4945 
trt*s 2 1054465 3.52 0.0378 
b*s 2 685339 2.29 0.1128 
error 46 6887484 

Table 16. Day 49 

Source DF Type II SS F value PR>F 

treatment (trt) 2 6602 0.06 0.9424 
breed (b) 2 245305 2.21 0.1216 
sex (s) 1 193452 3.48 0.0685 
trt*b 4 173217 0.78 0.5445 
trt*s 2 46652 0.42 0.6598 
b*s 2 395474 3.56 0.0366 
error 46 2556786 
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Table 17. B cells 

Lymphocyte subpopulations 

  

  

  

  

  

  

  

Source DF Type HI SS F value PR>F 

treatment (trt) 2 33.25 0.31 0.7366 
error 19 1016.75 

Table 18. T cells 

Source DF Type HI SS F value PR>F 

treatment (trt) 2 138.16 2.31 0.1263 
error 19 567.71 

Table 19. T-suppressor cells 

Source DF Type 01 SS F value PR>F 

treatment (trt) 2 8.28 37 0.6950 
error 19 212.08 

Table 20. T-helper cells 

Source DF Type DISS F value PR>F 

treatment (trt) 2 125.38 0.31 0.1782 
error 19 629.70 
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