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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 

75 



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. 
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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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