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ABSTRACT. Stillbirth and dystocia are major factors that negatively affect beef production. We sought to clarify serum selenium and lipo-
soluble vitamin levels in Japanese Black cows that gave birth to stillborn calves (stillbirth cows). Blood samples were collected from 103 
stillbirth cows and 95 cows that gave birth to healthy calves (control cows). Serum levels of selenium (45.8 ± 16.0 ng/ml) and vitamin A 
(73.0 ± 24.8 IU/dl) in stillbirth cows were lower (P<0.05) than those in control cows (52.2 ± 8.9 ng/ml and 93.3 ± 14.8 IU/dl, respectively). 
Our findings suggest that appropriate serum selenium and vitamin A levels are important for calving cows.
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Recently, the incidence of bovine stillbirth has been in-
creasing around world [5]. There are several risk factors asso-
ciated with bovine stillbirth and dystocia including primipar-
ity, long or short period of gestation, and season [21]. Herd 
owners should focus on the significant determinants that can 
be under their control, such as age at first calving and sire, in 
order to reduce the prevalence of perinatal mortality and im-
prove perinatal welfare [13]. Smyth et al. [17] reported that 
abnormal thyroid glands of 365 calves, which were stillborn 
or had perinatal weak calf syndrome, contained significantly 
low levels of iodine. These cases were associated with a low 
concentration of selenium in the kidneys. The stillbirth rate 
of Holstein cows injected with a multimineral supplement 
(25 mg of selenium, copper, manganese and zinc) at 230 and 
260 days of gestation (4.3%) was lower than that of control 
cows (6.1%) [12]. Pathological changes in the placenta have 
been reported in cows with hypovitaminosis A [1]. However, 
the blood levels of selenium and liposoluble vitamins remain 
unknown in cows that give birth to stillborn calves (hereafter 
stillbirth cows). The objective of our study was to elucidate 
whether the blood levels of selenium and liposoluble vita-
mins at calving are different between cows that gave birth to 
live calves and stillbirth cows.

We examined Japanese Black stillbirth cows (n=103) in 
85 farms located in Miyazaki prefecture, Japan, between 
October 2009 and September 2012. All stillbirth cases were 
recorded by one of 27 veterinarians, with any parturition-

related problems encountered by farm staff leading to the 
involvement of a veterinarian, and the same diagnostic 
criteria were applied to all of the cases. All animals were 
permanently housed in uninsulated open cubicles. Rice, Ital-
ian ryegrass or oat straw was individually fed to cows twice 
daily. Mixed feed was given to meet the requirements of 
the Japanese Feeding Standard for Beef Cattle. All animals 
were subject to artificial insemination (AI). A stillbirth was 
defined as fetus that had fully matured in the uterus for more 
than 240 days of pregnancy but was born dead.

Blood samples were collected from the 103 stillbirth cows 
by venipuncture and 105 stillborn fetuses (including two 
cases of twins) by cardiac puncture. Gestation length (mean 
± SD) was 283.1 ± 13.1 days. Interval between time of calf’s 
death and blood sampling was 1.9 ± 2.8 hr. Age and parity 
of the cows were 5.2 ± 3.6 and 3.6 ± 3.1, respectively. The 
number of stillbirths was 32 in spring (March to May), 25 in 
summer (June to August), 19 in autumn (September to No-
vember) and 27 in winter (December to February). None of 
the cows showed abnormal clinical signs before parturition. 
Although placental separation in 17 cows and fetal abnormal 
position or posture in 6 cows were observed at parturition, 
no definitive causes could be assigned to stillbirth. No abnor-
mal clinical signs were found in the stillborn fetuses, such as 
malformation and low-birthweight that meets the definition 
of weak calf syndrome. Hemolysis of fetal serum was re-
corded as no hemolysis, hemolysis (red) or severe hemolysis 
(dark red) as described previously [4, 19]. Because hemoly-
sis and severe hemolysis were observed in 29.5 and 27.6% of 
fetal serum samples, respectively, the fetal samples were not 
used to analyze blood biochemistry but were used for anti-
body tests. As a control group, blood samples were collected 
from 95 cows (control cows) that gave birth to healthy calves 
at four farms in the same area (gestation length was 288.7 
± 2.8 days) at the expected date of calving between May 
2011 and July 2011. All blood samples were centrifuged, and 
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separated serum was stored at −20°C until analyzed.
Level of antibodies against viruses (Akabane, Aino, Chu-

zan, Peaton, D’Aguilar, Shamonda, BVDV, Parainfluenza 3 
virus and Bovine-Herpesvirus-1) was determined using se-
rum neutralization assays according to previously described 
procedure [20]. Selenium, vitamin A (retinol) and E (tocoph-
erol) levels in sera were measured using high performance 
liquid chromatography (JASCO 800 Series HPLC, Japan 
Spectroscopic Co., Tokyo, Japan) and fluorescence detec-
tion (RF-550, Shimadzu, Kyoto, Japan) [10, 11]. Briefly, 
blood samples were mixed with nitric acid and perchloric 
acid and boiled, and then, selenium, retinol and tocopherol 
were extracted with cyclohexane. The Welch t-test was used 
to compare levels of selenium and liposoluble vitamins 
between stillbirth cows and control cows. Differences were 
considered significant, if P values were less than 0.05.

No antibodies against any of the viral pathogens were 
detected in the 105 fetuses. In the dams, the antibody titers 
against Aino, Akabane, Shamonda, BVDV and Parainfluenza 
3 were 2–4,096, and those against Chuzan and Bovine-Her-
pesvirus-1 were between 2–2,048. The antibody titer against 
Peaton was 2–512, and that against D’Aguilar was 2–128.

The mean serum concentration of selenium in stillbirth 
cows was 45.8 ± 16.0 ng/ml, which was lower (P<0.05) than 
that of control cows (52.2 ± 8.9 ng/ml; Fig. 1). Out of the 
103 stillbirth cows, 23 animals (22.3%) had a mean serum 
selenium concentration of 34.4 ng/ml, which was more than 
two standard deviations lower than that of the control group 
and was considered deficient [6]. There was no significant 
difference in the percentage of selenium-deficient cows in 
different seasons. None of the control cows had a selenium 
deficiency, and no seasonal difference was found in the se-
rum selenium concentration of the control cows.

The average concentration of vitamin A (retinol) in the 
sera of stillbirth cows was 73.0 ± 24.8 IU/dl, which was 
lower (P<0.05) than that in control cows (93.3 ± 14.8 IU/dl; 
Fig. 2). A deficient level of serum vitamin A (80 IU/dl) was 
detected in 18.9% of the control cows (18/95). In contrast, 
a greater percentage (48.5%, 50/103) of the stillbirth cows 
had a deficient level of vitamin A (P<0.01). No significant 
seasonal difference was found in the percentage of vitamin 
A-deficient cows.

While none of the control cows had deficient levels in 
serum concentrations of both selenium and vitamin A, 6 of 
the 103 stillbirth cows (5.8%) had deficient levels of serum 
selenium and vitamin A.

The average concentration of vitamin E (tocopherol) in the 
sera of stillbirth cows (2.9 ± 1.2 µg/ml) was higher (P<0.05) 
than that in the control group (2.3 ± 1.0 µg/ml; Fig. 3).

Antibodies against viruses were not detected in sera from 
fetuses. In cows, however, there were some cases where vi-
rus antibody titers were high. When a cow is infected with a 
virus, such as an arbovirus, antibody titer can remain high for 
several years, thereby preventing infection of the fetus [11]. 
Therefore, we assumed that viral infections as the cause of 
stillbirth were unlikely in our study, despite the fact that still-
birth may be caused by viral and/or bacterial infection [18].

Deficiencies of selenium in cattle have been confirmed 

under natural grazing conditions in many countries in the 
world. Kamata et al. [9] reported that blood selenium con-
centrations during late pregnancy, at parturition and lactation 
in Holstein cows were 63.7 to 67.4, 52.6 to 56.1, and 106 ng/
ml, respectively. In the present study, the serum selenium 
concentration in the control group of Japanese Black cows 
at parturition was similar to the reported data. However, 
selenium concentration in stillbirth cows was lower than that 
for control cows, and the average concentration of selenium 
in the sera of some of the stillbirth cows was considered defi-
cient. Selenium is essential for thyroid hormone homeostasis 
[3] and for maintenance of pregnancy. In pregnant women 
with hypothyroidism, the fetus may die suddenly without 
clinical signs [16]. The death of the fetuses might have been 
associated with fetal myocardial degeneration and necrosis. 
These abnormalities might occur in cattle. In the present 
study, we examined only the blood samples taken soon 
after calving, because it was virtually impossible to predict 
stillbirth before calving. Further research on the profile of 
selenium concentrations during pregnancy to clarify its rela-
tionship with calving outcome is warranted.

Incidentally, the average concentration of selenium in the 
hay samples taken from nine out of the 85 farms that had 
stillbirth was very low (0.04 ± 0.02 ppm, data not shown). 
The supply of selenium-rich mineral salt may be recom-
mended to decrease incidence of stillbirth in the cows that 
were given low selenium hay. In addition, the activities of 
the selenoenzyme glutathione peroxidase in the blood of 
Japanese Black cows should be examined as well as sele-
nium concentrations in future studies.

Plasma vitamin A concentration of less than 80 IU/dl has 
been considered to be low in Japanese Black cows [15]. In 
the present study, serum vitamin A concentration in stillbirth 
cows was less than 80 IU/dl and lower than that in control 
cows. Angelov [1] reported that placentas and fetuses can be 
morphologically altered by hypovitaminosis A in the cow. 
Placentas can develop hyperplasia and metaplasia due to 

Fig. 1. Selenium in normally calving cows (control) and cows with 
stillbirth (stillbirth). a,b: Significant difference between the two 
groups (P<0.05). In the box plot, the horizontal line represents 
the median, and the whiskers indicate the lowest and highest data 
points that are within 1.5 the interquartile range.
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hypovitaminosis A. In the lung, tongue, intestines and vesi-
cal bladder of the fetus and in the endometrium of the cows 
that miscarried, hyperplasia and metaplasia of the epithelium 
were evident. It has also been reported that a higher incidence 
of retained placenta was correlated with lower levels of caro-
tene intake in Jersey, Guernsey and Holstein cows and that 
vitamin A deficiency may result in an increase in stillborn 
or weak calves [7]. Fetuses in the present study, therefore, 
might have died because of the histopathological changes 
in the body and/or the placenta by vitamin A deficiency, 
although no abnormality was found macroscopically, and 
no microscopic verification was carried out. Quantification 
of plasma concentration of estrone sulfate during pregnancy 
should be valuable to monitor placental function and fetal 
growth [8].

In the present study, the vitamin E concentration in the 
stillbirth cows was higher than that in the control cows and 
previously reported normal level [14]. We have no explana-
tion for this observation so far. However, it has been reported 
that cows that had high serum vitamin E level also had 
higher cholesterol level compared with cows that had low 
serum vitamin E level [2]. Although we had no opportunity 
to determine cholesterol level in our study, body conditions 
in the stillbirth cows were apparently not different from 
that in the normal cows (data not shown). It is inferred that 
stillbirth may still take place even though no matter how the 
nutritional status of the animal is.

In conclusion, serum levels of selenium and vitamin A in 
cows that had stillborn calves were significantly lower than 
those in cows that had normal calving. Adequate levels of 
selenium and vitamin A in the serum may be important for 
successful calving.
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