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Abstract 

Congenital myopathy involving the myocardium, 
skeletal muscle and tongue was diagnosed in 58 of 1208 
aborted bovine fetuses submitted for necropsy between 
February 1983 and June 1994. Microscopic character
istics of muscle lesions were consistent with segmental 
nutritional myopathy. Liver vitamin E and selenium (Se) 
concentrations in 40 of the 58 fetuses with myopathies 
were assayed, and 38 ( 95%1 ) had either a deficiency of 
vitamin E (n=27), Se (n=2) or both micronutrients (n=9). 
Over this time period, 570 bovine fetal livers, including 
those from the 40 of the 58 cases with congenital my
opathy, were assayed for vitamin E and Se concentra
tions. Vitamin E values varied from non-detectable to 
57 ~tg/g of dry weight (DW), and Se values from 0.05-
10.96 ~tg/g (DW), indicating placental transfer of both 
elements and fetal ability to sequester both nutrients 
in the liver. For 190 cases, deficiencies of liver vitamin 
E (n=119), Se (n=29), or both (n=42) were the only ab
normal findings. 

Resume 

La myopathie congenitale impliquant le myocarde, 
]es muscles squelettiques et la langue a ete 
diagnostiquee chez 58 fretus bovins avortes parmi 1208 
cas soumis a la necropsie entre fevrier 1983 etjuin 1994. 
Les caracteristiques microscopiques des lesions 
musculaires etaient compatibles avec la myopathie 
nutritionnelle segmentaire. Les concentrations de 
vi tam i ne E et de selenium dans le foie on t ete 
determinees chez 40 des 58 fretus avec myopathie et il 
en ressort que 38 (95%) avaient une deficience en 
vitamine E (n = 27) ou en selenium (n = 2) ou au niveau 
des deux micronutriments (n = 9). Durant cette periode, 
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on a examine les concentrations de vitamine E et de 
selenium dans 570 foies de fretus bovins incluant 40 des 
58 cas avec myopathie congenitale. Les concentrations 
de vitamine E variaient de non detectables jusqu'a 57 
~tg/g de matieres seches alors que les concentrations de 
selenium variaient entre 0.05 et 10.96 p.g/g de matieres 
seches indiquant un transfert placentaire des deux 
elements de meme qu'une aptitude des fretus a 
accumuler les deux elements dans le foie. Dans 190 cas, 
des deficiences dans la concentration de vitamine E dans 
le foie (n = 119), ou du selenium (n = 29) ou des deux (n 
= 42) etaient les seuls resultats anormaux. 

Introduction 

Vitamin E and selenium (Se) are essential nutri
ents which protect cellular membranes and organelles 
from endogenous peroxidation damage. :'i.7, i 4 .4o They have 
similar biochemical roles, although a deficiency of one 
of these elements cannot necessarily be resolved by 
supplementation with the other. However, sparing ef
fects with regard to vitamin E and Se have been dem
onstrated.16·:,:, 

In 1922, vitamin E was first described as a nutrient 
essential for reproduction in the rat. 8 Subsequently, there 
have been numerous reports on the beneficial effects of 
vitamin E and/or Se on the maintenance of the central 
nervous, musculoskeletal, reticuloendothelial, and repro
ductive systems, and successful completion of pregnancy 
in a variety of species_ 1.2.:,/J.1H,2n,24, 2(j_:n.:ii.:i1-;,4:i.41.41,:, 1.54,5o,"7.fi9 

The occurrence of congenital nutritional myopathy 
and cardiomyopathy in farm animals is not well described. 
Some reports associated selenium deficiency with fetal 
myocardial necrosis and abortion in cattle_:rn,4G,55 On the 
other hand, it is generally believed that vitamin E does 
not cross or poorly crosses the placenta_:n 
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The purpose of this report is to describe vitamin 
E/Se levels in aborted fetuses with or without histologic 
lesions of congenital myopathy and cardiomyopathy. 

Materials and Methods 

A total of 1208 aborted bovine fetuses were sub
mitted to the Diagnostic Center for Population and Ani
mal Health (DCPAH) at the Michigan State University 
from February 1983 through June 1994 by cattle pro
ducers or veterinarians in Michigan, southern Wiscon
sin, northern Indiana, northern Ohio and Minnesota. 
The fetuses originated from 350 different farms which 
had experienced multiple abortions totaling approxi
mately 8000 fetuses. 

Pathologic Examination 
Complete postmortem examination was performed 

on the fetuses, which were mostly in the third trimester 
of gestation. Tissues from major organs, including brain, 
tongue and skeletal muscle, and placenta when avail
able, were fixed in 10% neutral-buffered formalin, em
bedded in paraffin, and stained with hematoxylin and 
eosin for light microscopic examination. 

Microbiologic Examination 
Samples from liver, lung, stomach contents and 

placenta (when available) from all fetuses were ob
tained aseptically and cultured aerobically, as well as 
for Campylobacter, Leptospira, Mycoplasnw, 
Ureaplasma, Listeria, Haemophilus and Chlamydia 
species. Anaerobic culture was done on selected cases 
when aerobic culture did not yield significant bacte
rial growth, but sections from lung and placenta showed 
gram-positive or gram-negative organisms histologi
cally. For virologic examination, fluorescent antibody 
testing (FAT) and virus isolation on fetal lung, liver, 
spleen and placenta were used to identify infectious 
bovine rhinotracheitis virus (IBRV), bovine viral diar
rhea virus (BVDV), parainfluenza-3 (Pl-3) and bovine 
respiratory syncytial virus (BRSV). When either single 
or paired serum samples from the dams were avail
able, titers were obtained for IBRV, BVDV, Brucella 
and Leptospira spp. 

Nutritional Examination 
Samples from 570 fetal livers were randomly se

lected and assayed for vitamin E using a high perfor
mance liquid chromatographic (HPLC) procedure,6 and 
for Se using a fluorescent spectrophotometry technique_n:{ 

The effect of autolysis on fetal liver vitamin E and 
Se concentrations was determined by incubating organ 
samples (150 g) at room temperature in sealed plastic 
bags, and assaying the samples at 12-hour intervals. 
There was no significant change in fetal liver vitamin E 
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and Se concentrations over a 4-day (96-hr) postmortem 
period. 

Livers with less than 4 µg/g dry weight (DW) vita
min E and less than 1.2 µg/g (DW) Se were considered 
deficient, based on the DCPAH's established reference 
ranges. Deficiency values were determined for fetal liver 
as values less than 50% of the means of all assays con
ducted on each specimen through 1985 in the clinical 
nutrition section. Normal vitamin E and Se concentra
tions for bovine fetal liver have been established to be 
4-8 ~tg/g and 1.2-2.0 µg/g, respectively, on a dry weight 
basis. 

Results 

From the 1208 aborted bovine fetuses examined, 
infectious agents were identified as the cause of abor
tion in 296 (24.5%) of cases associated with placentitis, 
bronchopneumonia, meningitis and myocarditis. In 
addition, there were 10 cases of renal oxalosis, 33 cases 
of congenital malformations, 58 cases of fetal 
myodegeneration and cardiomyopathy, and 190 cases 
of deficiencies of liver vitamin E (n=119), Se (n=29), or 
both nutrients (n=42) with no other abnormal findings. 
The cause of abortion was not determined on 811 bo
vine fetuses. 

Necropsy 
Most of the 1208 aborted fetuses had variable de

grees of postmortem autolysis. Serosanguineous fluids 
were present in the thoracic and abdominal cavities. 
Some of the 1208 aborted fetuses had interstitial edema 
in the cranial lobes of the lungs. The hearts of seven 
fetuses contained prominent pale yellow areas through
out the epicardium (Figure 1). These were later deter
mined to have marked vitamin E and Se deficiency 

Nutritional Examination 
Vitamin E and Se concentrations were determined 

in 570 randomly selected fetal livers. Vitamin E con
centrations ranged from undetectable (zero) to 57.0 µg/ 
g (DW), while Se concentrations ranged from 0.05 to 
10.96 ~tg/g (DW; Figures 2, 3). Of the 570 fetal livers 
assayed, 300 (52.6%) contained inadequate levels of vi
tamin E (less than 4 µg/g DW) and 129 (22.6%) con
tained inadequate Se concentration (less than 1.2 µg/g 
DW). Among 40 fetuses with myopathy and cardiomy
opathy assayed for vitamin E and Se, 38 (95%) had liv
ers with low to undetectable vitamin E concentration 
(n=27), low Se concentration (n=2), or both nutrients 
(n=9, Table 1). For 190 of the 570 cases, liver vitamin E 
deficiency (n=119), Se deficiency (n=29) or deficiency of 
both nutrients (n=42) was the only abnormal finding. 
For the remainder of these cases (n=201) the causes of 
abortion were primarily inflammatory conditions. 
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Figure 1. Heart from an 8-month-old aborted bovine 
fetus. Note prominent pale areas throughout the myo
cardium. 

Histologic Examination 
Degeneration and necrosis were identified in ei

ther cardiocytes or skeletal muscle from the 58 aborted 
fetuses. The lesions were similar to those of nutritional 
myopathy, with a segmental distribution ranging from 
mild to severe myofiber swelling, vacuolation, hyalin
ization, disintegration and hypercontraction bands in 
skeletal muscle (Figure 4). Myocardium contained ar
eas of degeneration, necrosis and mineralization (Fig
ure 5 ). Most fetuses were in the third trimester (Table 
1) of pregnancy, which is considered the period of most 
rapid growth. The results of infectious causes of abor
tion have recently been published.11

H 

Discussion 

Nutritional myopathy due to vitamin E and/or Se 
deficiency occurs most commonly in young, rapidly grow
ing calves and lambs, and is a well recognized en
tity.:u 7.:rl.,i4 Congenital nutritional myopathy associated 
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Figure 2. Liver vitamin E values (µg/g) of 570 aborted 
bovine fetuses from 1983-1994. 
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Figure 3. Liver selenium values (~tg/g) of 570 aborted 
bovine fetuses from 1983-1994. 

with vitamin E and/or Se deficiency has been reported 
in sheep and goats, but not in naturally occurring cases 
in cattle. rn.t:i.i7.:w.:i7 Purkinje cardiocyte degeneration has 
been described in calves experimentally fed a low-mag
nesium milk diet, or a diet deficient in vitamin E and 
magnesium. 2:i .4r; Preferential degeneration and necro
sis of purkinje cardiocytes has also been produced in 
calves fed diets deficient in both vitamin E and Se.21 ·22 

In one study, Se deficiency has been associated with 
cardiac failure and myocardial necrosis in aborted bo
vine fetuses.:39 In the study reported here, congenital 
degeneration, necrosis and mineralization of cardiac and 
skeletal muscle were identified in 58 aborted bovine fe
tuses, of which liver vitamin E and Se values were mea
sured in 40 cases (Table 1). 

Deficiency of vitamin E and/or Se have been incrimi
nated as possible causes of infertility, abortion and re-
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Table 1. Bovine aborted fetuses with congenital myopathy and cardiomyopathy with their liver vitamin E and 
Selenium (Se) values. 

Case No. Vit E µg/g DW Se ~tg/g DW Age ,;. ~ Skeletal lesions Cardiac lesions 

1 0.0 0.3 7 1/2 + 
2 0.0 0.56 7 + 
3 0.0 0.63 8 + + 
4 0.0 1.0 8 + 
5 0.0 1.0 7+ 
6 0.0 1.16 7 + 
7 0.0 1.20 7 + + 
8 0.0 1.55 + 
9 0.0 1.60 8 + + 
10 0.0 1.85 7 1/2 + + 
11 0.0 2.20 9 + + 
12 0.0 2.24 + 
13 0.0 2.35 7 + + 
14 0.0 2.39 8 + 
15 0.0 1.30 7 + 
16 0.0 1.60 8 + + 
17 0.0 2.02 8 + 
18 0.0 2.17 9 + + 
19 0.0 2.96 8 1/2 + + 
20 0.21 3.11 7 + + 
21 0.57 0.86 6 + 
22 1.29 0.58 7 + 
23 1.36 1.59 7 1/2 + + 
24 1.40 1.80 8 + 
25 1.47 1.66 7 + 
26 1.83 2.41 6 + 
27 1.90 2.08 8 1/2 + 
28 1.94 2.80 9 + + 
29 2.18 2.40 9 + + 
30 2.20 1.70 9 + 
31 2.56 1.38 8 + 
32 2.70 1.70 9 + 
33 2.87 1.25 7 + 
34 2.91 1.30 9 + 
35 3.11 1.80 7 + + 
36 3.46 1.10 8 + 
37 4.45 0.53 7 + 
38 4.80 0.97 7 + 
39 6.65 1.92 9 + 
40 11.00 3.30 7 + 

* DW = dry weight 
** = gestational age, in months 
Normal fetal liver vitamin E concentration 4-8 µg/g, dry weight 
Normal fetal liver selenium concentration 1.2-2.0 µg/g, dry weight 
Vitamin E deficient 36, Se deficient 9, vitamin E and Se deficient 9 
All cases were Holstein except case 31 (Jersey) 

tained placenta in several species.1 ,2.11 ,12,15,19,24.42,4a.4fi,48,55,s7.58 

In our study, liver vitamin E and Se concentrations of 
570 aborted fetuses varied from non-detectable to 57 
µg/g (DW) and 0.05-10.96 µg/g (DW), respectively (Fig
ures 2 and 3). No other explainable cause of abortion 
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was determined for 190 cases with either low liver vita
min E (n=119) concentration, low Se (n=29) concentra
tion, or deficiency of both nutrients (n=42). For these 
190 cases, no abortigenic microorganisms were identi
fied, and there were no inflammatory reactions in the 
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Figure 4. Histologic section of skeletal muscle from 
an aborted fetus with vitamin E and selenium deficiency. 
Vacuolation, disintegration, swelling and hypercontrac
tion bands of myofibers. H&E stain. 

Figure 5. Histologic section of myocardium from an 
aborted fetus with vitamin E and selenium deficiency. 
Degeneration and mineralization of myocardial fibers. 
H&E stain. 

tissues examined. However, 40 of these fetuses had evi
dence of mild to severe myopathy involving cardiac and 
skeletal muscle (Table 1). The liver vitamin E and Se 
were not determined in 18 fetuses with degeneration of 
cardiac and skeletal muscle. 

There is little information in the literature regard
ing trans placental transfer of vitamin E, nor for normal 
values of this vitamin in fetal tissues. Since the report 
by Horwitz in 1959, it has been generally accepted that 
vitamin E does not cross or poorly crosses the placental 
barrier.:13 In humans, the infant is born with tocopherol 
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deficiency, but low fetal levels are rapidly reversed by 
breast feeding_:3:3 Results of this study indicated that 
vitamin E may cross the placental barrier in the bovine 
(Figure 2). However, a total of 300 (52.6%) fetuses were 
considered vitamin E deficient ( < 4 µg/g DW; Figure 2). 
There are no comparative data regarding vitamin Elev
els in fetal and maternal tissues in farm animals. Lim
ited work in our laboratory has shown that a correlation 
exists between dam and fetal liver vitamin E concen
tration. It is believed that the low or non-detectable vi
tamin E values in these fetuses may reflect a maternal 
deficiency. 

In contrast, more data are available on Se levels 
in fetal tissues and on placental transfer of this element. 
Se readily crosses the placenta, at least in beef cattle. 
When the Se content in the dam is low, the fetus appar
ently can sequester the element and can attain blood 
and liver values greater than those of the dam. 24 In this 
study, 441 (77.4%) fetuses had liver Se concentrations 
higher than 1.2 µg/g (DW), which most likely reflects 
adequate supplementation of the dams and possibly the 
ability of the fetus to sequester Se. However, 129 (22.6%) 
fetal livers had Se concentration of less than 1.2 ~tg/g 
(DW), which most likely indicates deficiency in the dams 
(Figure 3). The high values of hepatic vitamin E and Se 
in some of the fetuses (Figures 2, 3) may suggest recent 
supplementation of the dam, probably associated with 
an injection in late gestation. This is a routine practice 
on some dairy farms in our region during the last tri
mester of pregnancy. 

·Conclusions 

Our data in this study indicated that vitamin E 
deficiency is more common than Se deficiency in the 
bovine fetus. Whether fetal vitamin E deficiency is due 
to inadequate supplementation of the dam's gestational 
diet or to other maternal and environmental factors is 
not clear. Myopathy, cardiomyopathy and abortion with 
low vitamin E and Se in these aborted calves suggests 
that deficiencies of these nutrients may be involved in 
the pathogenesis of the abortion. Further studies may 
help to elucidate the role of these elements in fetal myo
pathies and abortion. 

References 

1. Al-KunaniAAS, Knight R, Haswell SJ, Thompson JW, Lindow SW: 
The selenium status of women with a history of recurrent miscar
riage. Brit J of Obstet and Gynecol 108:1094-1097, 2001. 
2. Barrington JW, Lindsay P, James D, Smith S, Roberts A: Selenium 
deficiency and miscarriage: a possible link. Br J Obstet Gynaecol 
103: 130-132, 1996. 
3. Bauersachs S, Kirchgessner M, Paulicks BR: Effects of different 
levels of dietary selenium and vitamin Eon the humoral immunity of 
rats. J Trace Elem Electrolytes Health Dis 7:147-152, 1993. 

79 



4. Blood DC, Radostits OM: Diseases caused by nutritional deficien
cies, in Veterinary Medicine, ed 7. Philadelphia, Lea and Febiger, 1990, 
pp 1187-1201. 
5. Dam H: Interrelationships between vitamin E and polyunsaturated 
fatty acids in animals . Vitam Horm 20:527-540, 1962. 
6. Desai ID: Vitamin E analysis methods for animal tissue, in Method 
of Enzymology, New York, Academic Press, 1984, 105:138-147. 
7. Drevon CA: Absorption, transport and metabolism of vitamin E. 
Free Radie Res Commun 14:229-246, 1991. 
8. Evans HM, Bishop KS: On the existence of a hitherto unrecognized 
dietary factor essential for reproduction. Science 56:650-651, 1922. 
9. Frye TM, Williams SN, Graham TW: Vitamin deficiencies in cattle. 
Vet Clin North Am Food Anim Pract 7:217-275, 1991. 
10. Giadinis N, Koptopoulos G, Roubles N, Siarkou V, Papasteriades 
A: Selenium and vitamin E effect on antibody production of sheep 
vaccinated against enzootic Chlamydia psittaci. Comp Immunol 
Microbial Infect Dis 23:129-137, 2000. 
11. Godwin KO, Kuchel BE, Buckley RA: The effect of selenium on 
fertility in ewes grazing improved pastures. Aust J Exp Agri Anim 
Husbandry 10:672-678, 1970. 
12. Grunert E: Etiology and pathogenesis ofretained bovine placenta, 
in Morrow DA (ed): Current Therapy in Theriogenology, ed 6. Phila
delphia, WB Saunders, 1986, pp 237-242. 
13. Hamori D: Constitutional disorder and hereditary disease, in Do
mestic Animals. New York, Elsevier Scientific Publication, 1983, pp 
366-368. 
14. Hidiroglou N, Cave N, Atwall AS: Comparative vitamin E require
ments and metabolism in livestock. Ann Rech Vet 23:337-359, 1992. 
15. Hindson DA: Retention offetal membrane in cattle. Vet Rec 9:49-
50, 1975. 
16. Hoekstra WG: Biochemical function of selenium and its relation 
to vitamin E. Fed Proc 34:2082-2089, 1975. 
17. Hulland TJ: Muscles and tendons, in Jubb KVF, Kennedy PC, 
Palmer N, (eds): Pathology of Domestic Animals, ed 4. NewYork,Aca
demic Press, 1993, pp 183-246. 
18. Jortner BS, Meldrum, JB, Domormuth CH: Encephalomalacia 
associated with hypovitaminosis E in turkey poulets. Avian Disease 
29:488-495, 1985. 
19. Julien WE, Conrad HR, Jones JE, et al: Selenium and vitamin E 
and incidence of retained placenta in parturient dairy cows. J Dairy 
Sci 59:1954-1959, 1976. 
20. Kayden HJ: The neurologic syndrome of vitamin E deficiency: a 
significant cause of ataxia. Neurology 43:2167-2169, 1993. 
21. Kennedy S, Rice DA: Histopathologic and ultrastructural myo
cardial alteration in calves deficient in vitamin E and selenium and 
fed polyunsaturated fatty acids. Vet Pathol 29:129-138, 1992. 
22. Kennedy S, Rice DA: Selective morphologic alteration of the car
diac conduction system in calves deficient in vitamin E and selenium. 
Am J Path 130:315-325, 1988. 
23. King JM, Maplesden DC: Nutritional muscular dystrophy in 
calves. Can Vet J 1:421-426, 1960. 
24. Kocak I, Aksoy E, Ustun C: Recurrent spontaneous abortion and 
selenium deficiency. Int J Gynecol Obstet 65:79-80, 1999. 
25. Koller LD, Whitbeck GA, South PO: Transplacental transfer and 
colostral concentration of selenium in beef cattle. Am J '\kt Res 45:2507-
2510, 1986. 
26. Lannek N, Lindnerg P: Vitamin E and selenium deficiencies of 
domestic animals. Adv Vet Sci Comp Med 19:127-164, 1975. 
27. Lessard M, Yang WC, Elliott GS: Suppressive effect of serum 
from pigs and dogs fed a diet deficient in vitamin E and selenium on 
lymphocyte proliferation. Vet Res 24:291-303, 1993. 
28. Lessard M, Yang WC, Elliott GS: Cellular immune response in 
pigs fed a vitamin E and selenium deficient diet. J Anim Sci 69:1575-
1582, 1991. 
29. Liu SK, Dolensek ED, Adams CR: Myelopathy and vitamin E de
ficiency in six mongolian wild horses. J Am Vet Med Assoc 11:1266-
1268, 1983. 

80 

30. Liu SK, Dolensek ED, Tappe JP: Cardiomyopathy associated with 
vitamin E deficiency in glada baboons. J Am Vet Med Assoc 185:1347-
1350, 1984. 
31. Loew E: Vitamin E deficiency linked to vision problem in dogs. 
DVM 19:18, 1987. 
32. Maas J, Bulgin MS, Anderson BC: Nutritional myodegeneration 
associated with Vitamin E deficiency and normal selenium status in 
lambs. J Am Vet Med Assoc 184:201-204, 1984. 
33. Machlin LJ: 1984, Handbook of Vitamins . New York, Marcel Dekker 
Inc, 1984, pp 99-145. 
34. Mahan DC: Assessment of the influence of dietary vitamin E on 
sows and offspring in three parities: reproductive performance, tis
sue tocopherol, and effects on progeny. J Anim Sci 69:2904-2917, 1991. 
35. Mayhew IG, Brown CM, Stowe HDO: Equine degenerative 
myeloencephalopathy: a vitamin E deficiency that may be familial. J 
Vet Internal Med 1:45-50, 1987. 
36. Nelson JS, Fitch CD, Fisher VW: Progressive neuropathologic 
lesions in vitamin E deficient monkey. J Neuropathol Exp Neural 
40:166-186, 1981. 
37. Nisbet DI, Renwick CC: Congenital myopathy in Lambs. J Comp 
Pathol 71:177-182, 1961. 
38. Nordstoga K: Muscular and myocardial degeneration in rapidly 
growing male mink kids. Acta Vet Scand 24:321-324, 1983. 
39. Orr JP, Blakley BR: Investigation of the selenium status of aborted 
calves with cardiac failure and myocardial necrosis. J Vet Diagn In
vest 9:172-179, 1997. 
40. Reddy CC, Massaro EJ: Biochemistry of selenium: A briefreview. 
Fund Appl Toxicol 3:431-436, 1983. 
41. Reddy PG, Morril JL, Minocha HC: Vitamin Eis immunostimu
latory in calves. J Dairy Sci 79:993-999, 1987. 
42. Schmits JA, Sonn RJ: A study of ewe abortions in Oregon. Proc 
Am Assoc Vet Lab Diagnost 26:181-192, 1983. 
43. Simsek M, Naziroglu M, Simsek H, Cay M,Aksakal M, Kumru S: 
Blood plasma levels of lipoperoxides, glutathione peroxidase, beta 
carotene, vitamin A and E in women with habitual abortion. Cell 
Biochem Funct 16:227-231, 1998. 
44. Smith GM, Fry JM, Allen JG: Plasma indicators of muscle dam
age in a model of nutritional myopathy in weaner sheep. Aust Vet J 
71:12-17, 1994. 
45. Sykes JF, Moore LA: Lesions of the purkinje network of the bo
vine heart as a result of potassium deficiency. Arch Pathol 33:467-
471, 1942. 
46. Taylor RF, Puls R, MacDonald KR: Bovine abortions associated 
with selenium deficiency in Western Canada. Proc Am Assoc '\kt Lab 
Diagnost 22:77-84, 1979. 
47. Thomas PK, Cooper JM, King RH: Myopathy in vitamin E defi
cient rats: Muscle fiber necrosis associated with disturbances of mito
chondrial function. J Ant 183:451-461, 1993. 
48. Trinder N, Hall RJ, Renton CP: The relationship between the in
take of selenium and vitamin E on the incidence of retained placenta 
in dairy cows. Vet Rec 93:641-643, 1973. 
49. Van Vleet FJ: Experimentally induced vitamin E and selenium 
deficiency in the growing dog. J Am Vet Med Assoc 166:769-774, 1975. 
50. Van Vleet JF, Ferrans VJ: Etiologic factors and pathologic alter
ations in selenium-vitamin E deficiency and excess in animals and 
humans. Biol Trace Elem Res 33:1-21, 1992. 
51. Van Vleet FJ, Ferrans VJ: Myocardial disease of the animal.Am J 
Path 124:95-178, 1986. 
52. Van Vleet FJ, Hall BV, Simon J: Vitamin E deficiency: A sequen
tial light and electron microscopic study of skeletal muscle degenera
tion in rabbits. Am J Path 52:1067-1079, 1968. 
53. Whitter PA, Ullrey DE: Improved fluorometric method for deter
mining selenium. J Assoc Off Anal Chem 61:927-930, 1978. 
54. Wuryastuti H, Stowe HD, Bull RW, Miller ER: Effects of vitamin 
E and selenium on immune responses of peripheral blood, colostrum, 
and milk leukocytes of sows. J Anim Sci 71:2464-2472, 1993. 

THE BOVINE PRACTITIONER-VOL. 39, NO. 2 



55. Yamini B, Mullaney TP: Vitamin E and selenium deficiency as a 
possible cause of abortion in food animals. Proc Am Assoc Vet Lah 
D;agnost 28:131-144, 1985. 
56. Yamini B, Schillhorn Van Veen TW: Schistosomiasis and nutri
tional myopathy in south American tapir. J Wildlife Disease 24:703-
707, 1988. 
57. Yamini B, Stein S: Abortion, stillbirth, neonatal death and nutri
tional myodegeneration in a rabbit breeding colony. Am J Vet Med 
Assoc 194:561-562, 1989. 

58. Yamini B, Mullaney TP, Patterson JS, Fitzgerald SD, Steficek BA, 
Kennedy F: Causes of bovine abortion in the North-Central United 
States: Survey of 1618 cases (1983-2001). Bou Pract 38:59-64, 2004. 
59. Zachara BA, Dobrzynski W, Trafikowska U, Szymanski W. Blood 
selenium glutathione peroxidases in miscarriage. Brit J Obstet Gynecol 
108:244-247, 2001. 

Articles in The Bovine Practitioner with the "Peer Reviewed" banner have been reviewed by at least two to 
four Editorial Review board members. Reviewers for 2005 included: 

Dr. David E. Anderson Dr. Donald E. Hansen Dr. Sandra E. Morgan Dr. Lynn E. Steadman 
Newark, OH Corvallis, OR Stillwater, OK Chadron, NE 

Dr. Neil G. Anderson Dr. Claire M. Hibbs Dr. Gene Niles Dr. D.L. Step 
Fergus, Ontario, Canada Lynden, WA Konawa, OK Stillwater, OK 

Dr. Thomas L. Bailey Dr. Breck D. Hunsaker Dr. Mel E. Pence, Jr. Dr. Keith E. Sterner 
Blacksburg, VA Preston, ID Tifton, GA Ionia, MI 

Dr. Kerry S. Barling Dr. John H. Kirk Dr. Arun P. Phatak Dr. Gerald L. Stokka 
College Station, TX Abilene, TX Waterford, CA Cooperstown, ND 

Dr. Howard R. Bingham Dr. Bob L. Larson Dr. D. Owen Rae Dr. Robert N. Streeter 
Portage, MI Columbia, MO Gainesville, FL Stillwater, OK 

Dr. Dawn J. Capucille Dr. Terry Lehenbauer Dr. Jerry R. Roberson Dr. John U. Thomson 
Paris, KY Stillwater, OK Knoxville, TN Ames, IA 

Dr. Andre Desrochers Dr. Fred D. Lehman Dr. Jeremiah T. Saliki Dr. Lynn Upham 
St. Hyacinthe, Quebec, Canada New York, NY Stillwater, OK Tulare, CA 

Dr. Bill DuBois Dr. Howard D. Levine Dr. George Saperstein Dr. Hana Van Campen 
Greeley, CO S. Woodstock, CT Pomfret Center, CT Fort Collins, CO 

Dr. James H. Fountaine Dr. David G. McClary Dr. Phillip M. Sears Dr. Francis L. Welcome 
Kenyon, MN New Palestine, IN E. Lansing, MI Ithaca, NY 

Dr. Dee Griffin Dr. C. Pat McCoy Dr. Thomas A. Shelton Dr. Steve Wikse 
Clay Center, NE Starkville, MS Blackfoot, ID College Station, TX 

Dr. Daniel L. Grooms Dr. Gerald D. Mechor Dr. Mark F. Spire Dr. Lou Anne Wolfe 
E. Lansing, MI Keller, TX Manhattan, KS Sapulpa, OK 

Appreciation is extended to each board member for volunteering their time and expertise to review articles 
for The Bovine Practitioner. 

JUNE, 2005 81 



Mycoplasma mastitis is on the increase all across 
the U.S. - and the results can be devastating. 

Culling a cow because she has mycoplasma mastitis is expensive. According to some experts, 
a replacement can cost as much as $2500. But until now, culling was your clients' only option 
because there are no known treatments for mycoplasma mastitis. All you can do is help your 
clients try to stop the spread of the disease within their herds. 

Introducing MYCOMUNE" bacterin, the only USDA-approved vaccine to help in the prevention 
of mycoplasma mastitis. For about $10.00, the value of a cow's single-day milk production, 
you can help protect your clients' herds from this costly disease. That's less than one half of 
one percent of the cost of culling a cow! 

Take your clients' mycoplasma mastitis prevention program to the next level by vaccinating 
with MYCOMUNE bacterin. Think of it as a first step in a "culling reduction" program. For 
more information, call AgriLabs' technical services at 1-800-542-8916. 
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