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Abstract
Selenium is an important element in nutrition, showing great potential in the udder health of dairy cattle and in the control of
subclinical mastitis. However, there are few studies on selenium and subclinical mastitis in cows, and the correlation is not clear.
A trial was designed to investigate the association between serum selenium levels and the immune and antioxidant capacity of
dairy cattle with subclinical mastitis. Fifty cattle in early lactation with similar background information were selected randomly
from an intensive dairy farm. Blood samples were collected for the detection of serum selenium levels by ICP-optic emission
spectrometer. The cattle were divided into a low-selenium group (< 0.05 mg/L) and three normal selenium groups with different
serum selenium levels (0.05–0.08 mg/L). The somatic cell count, immune indexes, and other indexes in the milk of each group
were detected. The somatic cell count was found to be negatively correlated with serum selenium level. GSH-Px had a low
positive correlation and IL-6 had a low negative correlation with serum selenium level. With a serum glutathione peroxidase <
148 U/L and IL-6 > 451 pg/mL, the risk of subclinical mastitis in dairy cattle increased.
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Introduction

Selenium is an important element in nutrition. Twenty-five
selenoproteins have been found in animals, and at least 12
have an extensive immune function, showing great potential
in the udder health of dairy cattle and in the control of sub-
clinical mastitis. The susceptibility of mammary glands to
bacteria is potentially associated with selenium levels in cows.
Studies have shown that after 8 weeks of supplementation
with selenium at a dietary level of 0.2 mg/kg, the incidence
of mammary gland infection in dairy cows is significantly
reduced (up to 60%) [1]. In general, selenium deficiency re-
sults in immunosuppression, while supplementation with low

doses of selenium could lead to enhanced and/or restored im-
munologic functions [2]. In a study by Hemingway, 14 of 36
cows who received antibiotics during dry milking developed
mastitis, while only five of 36 cows who received 4 mg of
selenium during dry milking developed mastitis [3].
Moreover, selenium supplementation induced an unspecified
antibacterial activity in milk lactoserum [4], but the mecha-
nism of this antibacterial activity is not clear; however, a
higher activity of glutathione peroxidase (GSH-Px) will affect
the growth rate of pathogenic microorganisms in whey.

Selenium is a highly effective antioxidant and is incorpo-
rated into selenate as GSH-Px [5]. GSH-Px is an important
selenoprotein in mammals and acts as a component of the
antioxidative defense mechanism in cells. It can remove
lipid-damaging peroxides and protect immune cells from ox-
idative stress–induced damage [6]. Some studies have shown
a negative correlation between GSH-Px activity in whole
blood and somatic cell count (SCC) in canned milk [7, 8].
After supplementing with selenium, the increase of GSH-Px
activity in blood was associated with a decrease in the preva-
lence of subclinical mastitis in dairy cattle [9].

Reducing the oxidative damage and improving the immune
ability of cow mammary glands are important measures for
reducing the incidence of recessive mastitis and improving the
quality of milk. Trace element selenium plays an important
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role in enhancing antioxidant capacity and immunity.
However, there are few studies on selenium and subclinical
mastitis in cows, and the correlation is not clear. Therefore,
this experiment investigated the serum selenium content, so-
matic cell number, antioxidant capacity, and immune capacity
of cows in a dairy farm. The correlation between selenium
level and various indexes of dairy cowswas analyzed to assess
the association between serum selenium level and subclinical
mastitis.

Methods and Materials

Animals

Fifty cattle in lactation with similar age, lactation period,
gestational order, and physiological conditions were se-
lected randomly, total mixed ration (TMR) free feeding.
The experimental use of these animals was approved by
the Animal Care Committee of Heilongjiang Bayi
Agricultural University, and all experiments were per-
formed in accordance with specific guidelines provided
by Heilongjiang Bayi Agricultural University.

Sample Collection and SCC

Blood was collected from the jugular vein and the serum was
separated, stored at 4 °C for immediate use or stored at − 80 °C
for later use. The milk samples were collected during milking,
then stored at 4 °C for SCC. SCC were obtained with a
Fossomatic FC counter (Foss). 1 × 106/mL > SCC > 5 × 105/
mL were regarded as subclinical mastitis.

Serum Selenium Concentration Analysis

Cattle serum (0.4 mL) was placed in a tetrafluoroethylene
digestive tube with 8.0 mL HNO3 (superior purity) and
2.0 mL 30% H2O2 (analysis purity). The samples were left
in the fume hood for 1 h at room temperature. Then, a cover
was added to the digester tube, tightened, and the tubes placed
in a rotating body for digestion in a microwave digestion

machine. After digestion, the sample was cooled to room tem-
perature and then placed on an acid expeller at 140 °C in the
fume hood for about 2 h. The digester tubewas cooled to room
temperature. Ultrapure water was added to 10 mL, and the
sample was stored at 4 °C for trace element detection. Trace
elements were determined by ICP-optic emission spectrome-
ter (Optima800, PerkinElmer).

Detection of Immune and Antioxidant Indexes

The levels of norepinephrine GSH-Px, total antioxidant capacity
(T-AOC), Interleukin-1 (IL-1), Interleukin-2 (IL-2), Interleukin-
6 (IL-6), ImmunoglobulinsG (IgG), ImmunoglobulinsM (IgM),
Interferon γ (IFN-γ), and Tumor necrosis factor α (TNF-α) in
serum were detected by ELISA kits (USCN, Wuhan, China)
according to the manufacturer’s protocol.

Statistical Analysis

All experimental data were processed by SPSS 19.0 software
for one-way analysis of variance and expressed as the mean ±

Table 1 Serum selenium level in dairy cattle

Groups n Se (mg/L) Mean (mg/L) SD

Low-Se 19 0.00–0.05 0.045a 0.0040

Normal Se-1 20 0.05–0.06 0.055b 0.0029

Normal Se-2 7 0.06–0.07 0.064c 0.0028

Normal Se-3 4 0.07–0.08 0.077d 0.0047

Vertical labeling with lowercase letters indicates a significant difference
(P < 0.05)

Fig. 1 Total distribution of low to high serum selenium level in dairy
cattle, n = 50

Table 2 The correlation between serum selenium and SCC in lactating
dairy cows and its influence on the incidence of subclinical mastitis

Groups n SCC (104/mL) % Relevance

Low-Se 9/19 57.67 ± 41.6 47.36 R = − 0.28, P = 0.045
Normal Se-1 8/20 52.56 ± 24.92 40.00

Normal Se-2 2/7 36.96 ± 17.61 28.57

Normal Se-3 1/4 43.58 ± 39.4 25.00

Total 21/50 51.39 ± 32.60 42.00

1390 Wang et al.



standard deviation. In the table, lowercase letters were used
for longitudinal marking and those with different letters were
significantly different (P < 0.05); those without letters showed
no significant difference (P > 0.05). Correlation was analyzed
by Pearson’s coefficient. A value of P ≥ 0.05 indicates no
significant difference and no correlation; P < 0.05 indicates a
significant difference and a correlation. A binary logistic re-
gression equation was used to establish the model, and
Hosmer–Lemeshow was used to test the degree of fitting. A
value of P > 0.05 indicated that the model and observed value
fitted well. The critical value was determined by ROC curve
and the Youden index.

Results

Serum Selenium Level of Dairy Cattle

Table 1 and Fig. 1 show the distribution of serum selenium
levels from low to high in all experimental cattle. Groups were
divided according to serum selenium level: cattle with serum
selenium level below 0.05 mg/L were assigned to the low-
selenium group (0–0.05 mg/L, n = 19, 0.045 ± 0.004 mg/L);
cattle with serum selenium level higher than 0.05 mg/L were
assigned to the normal selenium group 1 (Normal Se-1, 0.05–
0.06 mg/L, n = 20, 0.055 ± 0.0029 mg/L), normal selenium

Fig. 3 Effect of different levels of
serum selenium on IgG and IgM
levels in cattle and its changing
trend. a The effect of different
gradient selenium groups on IgM.
b Changes in serum selenium
content and IgM in 50 cows

Fig. 2 Effect of different levels of serum selenium on SCC levels in cattle and its changing trend. a The effect of different gradient selenium groups on
SCC. b Changes in serum selenium content and SCC in 50 cows
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group 2 (Normal Se-2, 0.06–0.07 mg/L, n = 7, 0.064 ±
0.0028 mg/L), and normal selenium group 3 (Normal Se-3,
0.07–0.08 mg/L, n = 4, 0.077 ± 0.0047 mg/L). All indexes in
the trial were analyzed according to the above groups, and the
correlations between each index and serum selenium level
were revealed through data analysis to understand the impact
of selenium on the risk of subclinical mastitis in dairy cattle.

Serum Selenium Level and Subclinical Mastitis

As shown in Table 2 and Fig. 2, the prevalence of subclinical
mastitis in this batch of experimental cattle was 42%. There
was no significant difference in SCC between the normal se-
lenium and the low-selenium group (P > 0.05). According to
Pearson analysis, the selenium level in cattle serum has a low
negative correlation with SCC (R = − 0.28, P = 0.045). With
an increase in the level of serum selenium, the incidence of
subclinical mastitis in dairy cattle decreased.

Serum Selenium Level and IgG, IgM, TNF-α, IFN-γ, IL-
2, and IL-6

The level of IgG in the serum of lactating cattle in the low-
selenium group was lower than that in normal selenium
groups 2 and 3 (Fig. 3 a and b), but there was no significant
difference (P > 0.05). Pearson analysis indicated that the se-
rum selenium level of lactating cattle was not correlated
with IgG (R = 0.266, P = 0.062). The IgM level in the serum

of lactating cattle in the low-selenium group was lower than
that in the normal selenium group (Fig. 3 c and d), but there
was no significant difference (P > 0.05). Pearson analysis
showed that the serum selenium level was not correlated
with IgM (R = 0.216, P = 0.132). Figure 4 a and b demon-
strate that the level of TNF-α in the serum of lactating cattle
in the low-selenium group was lower than that in normal
selenium groups 2 and 3, but there was no significant dif-
ference (P > 0.05). The serum selenium level was not corre-
lated with TNF-α (R = 0.13, P = 0.367). The level of IFN-γ
in the serum of lactating cattle in the low-selenium group
was lower than that in normal selenium groups 2 and 3
(Fig. 4 c and d), but there was no significant difference
(P > 0.05). The serum selenium level was not correlated
with IFN-γ (R = 0.112, P = 0.437). IL-2 levels in the serum
of lactating cattle in the low-selenium group were lower
than that in the normal selenium group (Fig. 5 a and b),
but there was no significant difference (P > 0.05), and
Pearson analysis indicated that the serum selenium level
was not correlated with IL-2 (R = 0.133, P = 0.356). IL-6
levels in the serum of lactating cattle in the low-selenium
group were higher than that in normal selenium groups 1
and 3, and lower than that in normal selenium group 2 (Fig.
5 c and d), but there was no significant difference
(P > 0.05). Pearson analysis indicated that the serum seleni-
um level had a low negative correlation with IL-6 (R = −
0.28, P = 0.049); the IL-6 level in the serum of cattle de-
creased with the increase in selenium levels.

Fig. 4 Effect of different levels of
serum selenium on TNF-α and
IFN-γ levels in cattle and its
changing trend. a The effect of
different gradient selenium
groups on TNF-α. b Changes in
serum selenium content and TNF-
α in 50 cows. c The effect of dif-
ferent gradient selenium groups
on IFN-γ. d Changes in serum
selenium content and IFN-γ in 50
cows
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Serum Selenium Level and GSH-Px and T-AOC

As shown in Fig. 6 a and b, the level of GSH-Px in the serum
of lactating cattle in the low-selenium group was significantly
lower than that in the normal selenium group 2 (P < 0.05).
Pearson analysis indicated that the serum selenium level had
a significantly positive correlation with GSH-Px (R = 0.395,
P = 0.010); the level of GSH-Px tends to increase with the
increase of serum selenium. There was no significant differ-
ence in the level of T-AOC in the serum of lactating cattle
between the low-selenium group and the normal selenium
group (Fig. 6 c and d); Pearson analysis showed that the serum
selenium level was not correlated with T-AOC (R = − 0.023,
P = 0.870).

Binary Logistic Model Predicts Subclinical Mastitis in
Dairy Cattle

We established a binary logistic model and predicted the risk
of subclinical mastitis in dairy cattle with SPSS biometric
software; the model contains GSH-Px, T-AOC, IgG, IL-2,

IL-6, and TNF-α. As shown in Table 3, the significance of
the fitting degree of Hosmer’s binary logistic model was 0.086
(P > 0.05), which confirms that the null hypothesis model
fitted the observed values. IL-6 and GSH-Px were found to
reflect the risk of subclinical mastitis in dairy cattle the best.
As shown in Table 4, the optimal threshold was determined by
the ROC curve analysis and Youden index as GSH-Px <
148 U/L and IL-6 > 451 pg/mL. The risk of subclinical mas-
titis in dairy cattle will increase with GSH-Px < 148 U/L and
IL-6 > 451 pg/mL.

Discussion

There is a potential relationship between selenium level and
susceptibility of dairy cattle to subclinical mastitis. Studies
have shown that cattle udder infections decrease significant-
ly (up to 60%) after 8 weeks of supplementation with se-
lenium at a dietary level of 0.2 mg/kg. If the amount of
selenium or VE supplementation is higher than the require-
ment of animals, the immunity of animals will improve [2].

Fig. 5 Effect of different levels of serum selenium on IL-2 and IL-6 levels
in cattle and its changing trend. a The effect of different gradient selenium
groups on IL-2. b Changes in serum selenium content and IL-2 in 50

cows. c The effect of different gradient selenium groups on IL-6. d
Changes in serum selenium content and IL-6 in 50 cows
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This is especially important for cattle that are already in-
fected with pathogens. In the study by Hemingway (1999),
14 of 36 dairy cattle who received antibiotics in their ud-
ders during the dry period were infected with subclinical
mastitis, while only five of 36 who received 4 mg of sele-
nium during the dry period were infected with subclinical
mastitis. In this trial, with the increase of selenium level in
dairy cattle, the incidence of subclinical mastitis decreased,
but there was no significant difference in SCC between the
normal selenium group and the low-selenium group
(P > 0.05). Pearson analysis showed that the selenium level
in cattle serum has a low negative correlation with SCC.
This trial is consistent with the studies that increasing sele-
nium level plays an important role in reducing the risk of
subclinical mastitis [10, 11].

Selenium affects the immune function of cattle mainly
through specific and non-specific immunity. Specific immunity
includes humoral immunity and cellular immunity, both of
which depend on T and B lymphocytes. Selenium can promote
the proliferation and differentiation of lymphocytes, and accel-
erate the secretion of cytokines [12]. IL-2 is an important
growth factor in the development of T lymphocytes, it is pro-
duced by activated T lymphocytes and then acts on the IL-2
receptor attached to the surface of the T lymphocytes, and it
further stimulates the secretion and proliferation of T lympho-
cytes. Studies have shown that selenium supplementation or

Fig. 6 Effect of different serum selenium levels on GSH-PX and T-AOC
levels in cattle and its changing trend. a The effect of different gradient
selenium groups on GSH-Px. b Changes in serum selenium content and

GSH-Px in 50 cows. c The effect of different gradient selenium groups on
T-AOC. d Changes in serum selenium content and T-AOC in 50 cows

Table 3 Hosmer–
Lemeshow test fitting
degree of bivariate
logistic model

Model χ2 DOF P values

1 13.847 8 0.086

Table 4 Boundary value, sensitivity, specificity, and area under the
ROC curve

Boundary Sensitivity
(%)

Specificity
(%)

AUC

GSH-Px
(U/L)

148 52.40 93.10 0.547,
P = 0.003

IL-6 (pg/mL) 451 61.90 79.30 0.695, P = 0.02
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selenium deficiency can alter the expression of the IL-2 receptor
in mice. Selenium supplementation can lead to the premature
expression of the IL-2 receptor and selenium deficiency can
lead to the delayed expression of the IL-2 receptor [13].
Studies have found that selenium supplementation of l μg/day
and 10 μg/day can significantly increase the level of IL-2 in the
serum of mice with low immune function, and selenium sup-
plementation of 1 μg/day can also significantly increase the
level of IFN in the serum of mice. A study by Johns et al. also
reported that selenium can enhance the secretion of IFN-γ and
other cytokines, thereby improving cellular immune function;
IFN-γ promotes not only immunomodulation but also antimi-
crobial and anticancer activity [14]. In humoral immunity, se-
lenium can stimulate the synthesis of immunoglobulin [15],
improve the bactericidal activity of serum [16], and significant-
ly improve the level and activity of IL-6 secretion by lympho-
cytes. IL-6 can affect the secretion of IgM and IgG bymature B
cells; therefore, selenium may further affect humoral immunity
[17]. TNF-α is a cytokine secreted by macrophages and mono-
cytes that regulates the immune function. In this trial, the levels
of IL-2, IgG, IgM, TNF-α, and IFN-γ in the serum of lactating
cows in the low-selenium group were lower than those in the
normal group, and IL-6 was slightly higher than that in the
normal selenium group. Pearson analysis showed that the se-
rum selenium level of lactating cattle was not correlated with
IL-2, IgG, IgM, TNF-α, and IFN-γ. The serum selenium level
had a low negative correlation with IL-6; this may be because
the increasing levels of serum selenium enhance the defense
capabilities of the mammary glands’ innate immune system in
cattle and reduce the entry of pathogenic microorganisms,
which cause inflammatory reactions, so the level of IL-6 in
serum was reduced. When the level of selenium in cattle serum
is decreased, the immune capacity is decreased.

Selenium owes most of its antioxidant properties to GSH-
Px [18], an important component of the antioxidant defense
mechanism, which removes potentially damaging peroxides
and protects immune cells from damage by oxidative stress.
Previous studies have shown that the antioxidant function of
GSH-Px is the main reason why selenium improves the innate
immune response of cattle [19]. Selenium-dependent glutathi-
one peroxidase could protect phagocytes from oxidative dam-
age during respiratory bursts. Moreover, the decreased inci-
dence of dairy cattle subclinical mastitis is related to increased
GSH-Px activity in the blood after selenium supplementation.
In addition, T-AOC reflects ROS metabolism and the com-
pensatory capacity generated by external stimuli and is an
important comprehensive indicator in the antioxidant defense
system [7, 20]. The antioxidant defense system of animals is
divided into a primary and secondary antioxidant defense sys-
tem by grade [20]. The primary antioxidant system includes
SOD, GSH-Px, CAT, and T-AOC enzymes and trace ele-
ments including Se, Cu, Mn, and Zn [21]. Selenium is an
essential component of GSH-Px [22], whereas copper, zinc,

and manganese are essential components of SOD [23].
Therefore, non-antioxidants are the overall basis of the anti-
oxidant system in animals and the basic conditions for en-
zymes to function normally. From this perspective, the con-
centration of antioxidants in body fluids determines the level
of total antioxidants in vivo. In the present study, the Pearson
correlation coefficient analysis showed that the serum seleni-
um level of cattle had a significantly positive correlation with
GSH-Px, but not with T-AOC. The results indicate that when
cattle are selenium deficient, the activity of GSH-Px with se-
lenium as the active center changes, the free radical scaveng-
ing function is weakened, and the antioxidant defense system
is reduced, causing a large amount of ROS and LPO to accu-
mulate, eventually leading to oxidative damage to immune
cells, reducing the capacity of the immune system.
Therefore, selenium deficiency could cause oxidative stress
in lactating dairy cattle and increase the risk.

Conclusion

Selenium has a negative correlation with SCC. The serum
selenium level has a significant positive correlation with
GSH-Px, while serum IL-6 levels have a low negative corre-
lation with the level of selenium. With a serum level of GSH-
Px < 148 U/L and IL-6 > 451 pg/mL, the risk of subclinical
mastitis in dairy cattle will increase.
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