
  

  

  The effect of selenium supplementation before calving on early-lactation 
udder health in pastured dairy heifers 
  A.   Ceballos-Marquez ,*†1  H. W.   Barkema ,‡§  H.   Stryhn ,†  J. J.   Wichtel ,†  J.   Neumann ,#  A.   Mella ,‖  J.   Kruze ,‖ 
 M. S.   Espindola ,¶ and  F.   Wittwer #
   * Departamento de Sistemas de Producción, Universidad de Caldas, Manizales, Colombia 
   † Department of Health Management, Atlantic Veterinary College, University of Prince Edward Island, Charlottetown, PEI, Canada C1A 4P3 
   ‡ Department of Production Animal Health, Faculty of Veterinary Medicine, University of Calgary, Calgary, AB Canada T2N 4N1 
   § Department of Reproduction, Obstetrics and Herd Health, Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium 
   # Department of Veterinary Clinical Sciences, Faculty of Veterinary Sciences, and 
   ‖ Microbiology Department, Faculty of Sciences, Universidad Austral de Chile, Valdivia, Chile 
   ¶ Cooperativa Agrícola y Lechera de La Unión Ltd., La Union, Chile 

  ABSTRACT 

  Selenium (Se) deficiency has been associated with 
lowered resistance to mastitis in dairy cattle. However, 
little published data exists on the effect of Se supplemen-
tation before calving on udder health of pastured dairy 
heifers. Further, the relative efficacy of injectable barium 
selenate and oral organic Se for improving udder health 
in cows has not previously been tested. The objectives 
of this study were to determine the effects of precalving 
Se supplementation and type of supplementation on the 
blood activity of glutathione peroxidase and measures 
of udder health immediately after calving and during 
the first month of lactation in pastured dairy heifers. 
One hundred forty pregnant Chilean Holstein-Friesian 
heifers were fed a basal diet containing, on average, 0.15 
mg of Se/kg of dry matter. One month before predicted 
calving, heifers were allocated to 1 of 3 groups. Group 
1 (n = 49) received no supplementary Se, group 2 (n 
= 46) received a single subcutaneous injection of Se (1 
mg/kg of live weight, as barium selenate), and group 
3 (n = 45) was fed Se yeast (3 mg/heifer/d until calv-
ing). Heifers supplemented with barium selenate had 
a higher glutathione peroxidase activity from 14 d in 
milk onwards. Selenium supplementation, irrespective 
of source, tended to reduce the prevalence of intramam-
mary infection (IMI) and decrease the prevalence of 
quarters with high somatic cell count (SCC) at calving. 
Overall, Se supplementation did not result in a reduc-
tion of the incidence of new IMI or clinical mastitis or 
in decreased SCC during the balance of the first month 
of lactation. However, in pasture-based heifers injected 
with barium selenate before calving, and fed diets with 
1.3 and 2.5 mg of Se/d precalving and during lactation, 

respectively, no cases of clinical mastitis were observed 
in the first month of lactation. 
  Key words:    dairy heifer ,  selenium ,  udder health ,  in-
tramammary infection 

  INTRODUCTION 

  Heifers should be at low risk for IMI at first calving, 
as they produce less milk, have not experienced mul-
tiple daily milkings, have less exposure to contagious 
pathogens, and are less likely to be in contact with 
the environment (Fox, 2009). However, a wide varia-
tion in the immediate postpartum prevalence of IMI 
has been reported in quarters of first-calving heifers, 
ranging from 12 to over 57%, with CNS being the most 
prevalent pathogens associated with IMI (Compton et 
al., 2007; Fox, 2009; Piepers et al., 2010). The incidence 
of clinical mastitis (CM) may reach 35% during the 
peripartum period (Fox, 2009). The peak incidence 
may be higher than that found in multiparous cows, 
with >30% of cases in first-lactation heifers occurring 
during the first 14 DIM (Barkema et al., 1998; Olde 
Riekerink et al., 2008; Sampimon et al., 2009). Yet, the 
prevalence and incidence of IMI and CM in peripartum 
heifers varies greatly between management systems 
(Fox, 2009), suggesting that management interventions 
at the farm level may be useful in reducing the risk of 
these infections. 

  Many important risk factors are associated with 
subclinical mastitis and CM in heifers. Links between 
nutrition and mastitis control, in particular with re-
spect to the micronutrients Se and vitamin E, have 
been studied extensively (Smith et al., 1997; Heinrichs 
et al., 2009). Providing insufficient Se in dairy cow ra-
tions results in a reduced concentration of Se in blood 
and milk (Maus et al., 1980), downregulation of the 
expression of glutathione peroxidase (GPx) and other 
antioxidants with roles in the defense of the mammary 
gland (Sordillo et al., 2007), decreased bactericidal 
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capacity of neutrophils, and inhibited lymphocyte pro-
liferation (Grasso et al., 1990) that, acting together, are 
believed to impair the immune response of the udder 
to pathogens.

In a North American study, supplementation of heif-
ers with Se resulted in a lower prevalence of IMI at 
calving, lower incidence of CM, shorter duration of IMI, 
and lower SCC (Smith et al., 1985). The estimated 
equivalent Se intake for those heifers was beyond the 
current recommendation for dairy cows, which is 3 mg/
kg of total ration DM (NRC, 2001). However, studies 
in pasture-based dairy cows in New Zealand have found 
no relationship between Se supplementation and ud-
der health, as measured by SCC (Whelan et al., 1992; 
Wichtel et al., 1994; Grace et al., 1997). In support 
of these findings, a recent trial conducted in southern 
Chile, where a long-acting Se supplement was adminis-
tered at drying off to moderately Se-deficient pastured 
dairy cows resulted in a sustained increase in blood 
GPx activity. However, no change was found in the 
incidence of new IMI or SCC during the subsequent 
lactation (Ceballos et al., 2010), suggesting that the 
Se requirement for optimal immune function in dairy 
cows under pastoral systems may be lower than the 
current NRC (2001) recommendation for cows raised 
in intensive systems. These findings suggest that the 
response to Se supplementation in measures of udder 
health may differ depending on the system under which 
the experimental animals are managed.

Uniform, reliable delivery of mineral supplements to 
cattle is a challenge under pastoral conditions; free-
choice feeding of mineral supplements often results in 
intake that is inconsistent within and between animals 
in the herd. A single injection of a slow-release form 
of Se (e.g., barium selenate) provides not only a long 
duration of effect but also an appropriate daily delivery 
of Se, suitable for correcting deficiency in ruminants 
under most pastoral systems (Mallinson et al., 1985). 
This form is particularly useful in pastured cattle be-
cause it needs to be administered only once per lacta-
tion, ideally before calving, and does not depend on 
a system for feeding a Se-fortified concentrate ration. 
Selenium can be also supplemented to cattle diets in-
corporating organic forms to concentrates. Cattle fed 
Se yeast usually have a higher blood Se concentration 
and higher GPx activity in blood (Malbe et al., 1995) 
and milk (Ceballos et al., 2009) than do those supple-
mented with inorganic sources. However, most studies 
that found a beneficial role of Se on measures of udder 
health used sodium selenate or selenite as Se source. It 
is unknown whether the typically higher GPx activity 
(i.e., improved Se status) when cows are injected with 
barium selenate or fed Se yeast reflects an improved 
udder health compared with supplementation using 

traditional inorganic sources (e.g., sodium selenite). We 
hypothesized that Se supplementation before calving 
may be associated with a lower risk of new IMI and 
SCC around calving in heifers grazing low-Se pastures.

The objectives of this study were to determine the 
effects of precalving Se supplementation and type of 
supplementation (injectable barium selenate vs. oral Se 
yeast) on the blood activity of GPx and measures of 
udder health immediately after calving and during the 
first month of lactation in pastured dairy heifers.

MATERIALS AND METHODS

All procedures for this trial complied with current 
regulations for the humane care and treatment of ani-
mals, and the Commission for Animal Care and Use of 
the Universidad Austral de Chile.

Animals and Treatments

The trial was carried out on 4 commercial dairy 
farms in southern Chile (39°46′ S, 73°13′ W) where 
prior tests had revealed marginal Se concentration in 
pastures (~0.1 mg/kg of DM), and herd-level analyses 
of blood GPx activity had indicated a mean ≤100 U/g 
of hemoglobin (Hb), consistent with suboptimal Se 
intake using a published reference range for blood GPx 
in Chilean cattle (Ceballos et al., 1999).

One hundred forty pregnant Chilean Holstein-Frie-
sian heifers that were predicted to calve approximately 
45 d after the day of treatment were selected for the 
study. Heifers on each farm (farm 1, n = 26; farm 2, n 
= 33; farm 3, n = 35; farm 4, n = 46) were randomly 
allocated to 1 of 3 treatments by a systematic random 
process. Briefly, the first heifer being run through a 
chute was assigned to the control group, the second to 
treatment group 1, and the third heifer to treatment 
group 2, repeating the sequence with the subsequent 
animals. Group 1 (n = 49) received no supplementary 
Se; Se consumption corresponded to the basal intake for 
the herd. Heifers in group 2 (n = 46) received a single 
subcutaneous injection of a 1 mg of Se/kg of live weight 
as barium selenate (Deposel, Young Animal Health 
Ltd., Wellington, New Zealand). Heifers in group 3 (n 
= 45) were fed 3 mg of Se/heifer per day as Se yeast 
(Sel-Plex, Alltech, Nicholasville, KY) carried in 250 g 
of wheat hulls, from the first day of treatment until 
calving. All heifers were maintained on pasture under 
similar farm management conditions and were fed the 
same ration for close up and lactation (Table 1).

Heifers calved within an 11-wk period in the South-
ern Hemisphere winter and spring (i.e., mid July to mid 
October of 2007). Calves were removed from their dams 
within 1 d after birth. Heifers were milked twice daily 
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starting 1 d after calving. Milk yield was recorded at 
the end of the 28-d study period. Mastitis management 
included regular monitoring of milking machine func-
tion, postmilking teat disinfection, antibiotic treatment 
of clinical cases, and antibiotic treatment of all cows at 
drying-off. Before and after calving, the animals com-
prising the 3 experimental groups (within herd) were 
separated from each other and grazed perennial ryegrass 
(Lolium perenne) and white clover (Trifolium repens). 
The same pastures were used to make silages and hays 
on each farm. Heifers were moved daily onto fresh pas-
ture, and were fed with a close-up diet consisting of 
supplemental silage or hay, commercial concentrates, 
and mineral mixes for the last 3 wk of gestation. After 
calving, animals were still on pasture and supplemented 
with silage, concentrates, and mineral mixes (Table 1). 
The daily amount of concentrate offered per heifer was, 
on average, 1 kg/4 kg of milk yield. Mineral mixes were 
offered at a rate of 200 to 400 g/head per day. Supple-
ments, concentrates, and mineral mixes contained Se as 
sodium selenite. Water was offered ad libitum. Animals 
did not receive any other treatment that could affect 
their Se status.

Daily DMI was, on average, 9.0 and 15.5 kg/d for the 
close-up and lactation diets, respectively. The effective 
amount of basal Se delivered to the heifers via the basal 
diet, on a per day basis, was estimated as the average 
of the Se concentration of the components weighted 
by the average DMI of each component (Table 1). The 
basal Se intake was approximately 50% of the recom-
mended amount for close-up and fresh heifer rations 
(NRC, 2001). The effective amount of Se delivered to 
the heifers via the depot injection of barium selenate 
was estimated to be, on average, 0.8 mg of Se/d (95% 
CI: 0.28, 1.27 mg of Se/d) in heifers (Mallinson et al., 
1985). Mallinson et al. (1985) arrived at this estimate 
by measuring the residual barium selenate at the site of 
injection 17 wk after treatment; however, this is likely 

to be an underestimate of the daily payout in the weeks 
immediately after injection.

Sampling and Data Collection
Milkers on each farm were trained to collect milk 

samples aseptically from quarters that had physical 
signs of CM (any visual abnormality of milk or udder, 
with or without systemic signs of disease). The first 
streams of milk were squirted onto a dark cup to detect 
any abnormality such as discoloration, flakes, clots, or 
wateriness. This physical examination of the udder and 
milk characteristics was conducted at calving and at 
every milking to detect individual quarters affected by 
CM.

After removing 2 streams of milk and disinfection 
with a cotton swab soaked in 70% isopropyl alcohol, 
milk samples (15 mL) for bacteriological analysis were 
aseptically collected from every quarter by an experi-
enced veterinarian or technicians on the day of calving, 
and thereafter at 1, 7, 14, 21 and 28 DIM. Immediately 
after collection, samples were refrigerated at 5°C for 
transportation to the laboratory. Quarter foremilk and 
milk samples (~30 mL) were also collected in vials with 
potassium dichromate for SCC determination. Samples 
were kept refrigerated and analyzed within 24 h.

A batch of 1,053 (31%) milk samples that included 
samples from all farms, heifers, and quarters was lost 
after a fire destroyed the laboratory of microbiology of 
the Faculty of Sciences of the Universidad Austral de 
Chile (Appendix).

Coccygeal venous blood samples were collected from 
control and treated heifers at the beginning of treat-
ment, and 14 and 28 DIM into heparinized vials to 
determine blood GPx activity.

Laboratory Analyses
Bacteriological examination was performed accord-

ing to the standards of the National Mastitis Council 
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Table 1. Average composition of the close up and lactation diets (% of ration DM), mean and range of 
selenium concentration of the components, total daily Se intake (mg/heifer per d), and suggested Se intake for 
each physiological status 

Item Close up Lactation
Se, mg/kg of DM  

(range)

Ingredient, % of DM    
 Grass 52.3 22.4 0.10 (0.02, 0.16)
 Grass silage or hay1 14.5 33.0 0.09 (0.02, 0.14)
 Concentrate2 32.2 43.3 0.10 (0.05, 0.10)
 Mineral mix2 1.0 1.3 12.0 (11.0, 15.0)
Selenium intake, mg/heifer per d    
 Actual 1.3 2.5  
 Intensive dairy systems (NRC, 2001) 2.7 4.7  
 Pastoral dairy systems (Grace, 1992) 0.5 0.7  

1Before calving, grass silage was fed to heifers in 3 herds and grass hay in 1 herd.
2Selenium as sodium selenite.



(Oliver et al., 2004). An esculin blood (sheep) agar 
plate was divided and 0.05 mL of milk was streaked 
onto one half; the plate was left at room temperature 
for 30 min and then aerobically incubated at 37°C and 
examined after 24 and 48 h. For each half of the plate, 
the number of colonies was expressed as cfu/0.05 mL. A 
single well-isolated colony was subcultured for bacterial 
species identification according to colony morphologic 
features, hemolytic characteristics, and Gram stain 
reaction. Species presumptively identified as staphylo-
cocci were tested by the catalase test, tube coagulase 
method, and deoxyribonuclease (DNase) degradation 
test in DNase agar plates. Staphylococcus aureus was 
identified by positive catalase, coagulase reaction, and 
DNase tests. The CNS were identified by a negative 
coagulase reaction and a negative DNase test. Catalase 
reaction and the Christie, Atkins, Munch-Petersen test 
were set up for the classification of isolates presump-
tively identified as streptococci. When necessary, the 
SVA Strep was used to classify streptococci according 
to their biochemical properties (SVA Strep, SVA, Upp-
sala, Sweden). Gram-negative isolates were classified as 
Escherichia coli when negative to the oxidase test and 
positive to the production of β-d-glucuronidase and 
indole (PI Test, SVA). Strains that were negative were 
further tested by the API20E identification system 
(bioMérieux SA, Marcy l’Etoile, France), which permits 
rapid species identification of Enterobacteriaceae and 
other gram-negative organisms (Oliver et al., 2004).

Milk SCC was determined using a Combifoss 5300 cell 
counter (Foss Electric, Hillerød, Denmark). Data were 
expressed as natural logarithm of SCC in thousands per 
milliliter (LnSCC) to approximate the normal distri-
bution; LnSCC was backtransformed for presentation 
purposes.

Selenium in pasture and concentrate was evaluated by 
the hydride generation atomic absorption spectrometry 
method (Clinton, 1977) and expressed in milligrams 
per kilogram of DM.

The Se status of heifers was evaluated through the 
activity of GPx by a kinetic method (Ransel, Randox 
Laboratories, Crumlin, UK). This selenoenzyme is a 
biomarker of Se status and its activity was measured 
using the method of Paglia and Valentine (1967) with 
slight modifications (Ceballos et al., 1999). Briefly, 
hemoglobin in fresh blood was measured by the cya-
nomethemoglobin method before GPx analysis. The 
enzyme activity is proportional to the decrease in 
absorption at 340 nm after the oxidation of NADPH 
into NADP. Results are expressed in units per gram of 
hemoglobin, considering an activity <100 U/g Hb to 
be indicative of suboptimal Se status (Ceballos et al., 
1999).

Definition of IMI

A quarter was considered to have an IMI at calving 
when ≥1 cfu/0.05 mL (equivalent to ≥20 cfu/mL) of a 
pathogen was obtained from foremilk samples collected 
at calving and 1 d after. An IMI in the 28-d period after 
calving was established when a pathogen was cultured, 
as described above, in 2 out of 3 consecutive samples 
(i.e., among 7, 14, and 21 DIM or among 14, 21, and 28 
DIM after calving). A quarter with an IMI at calving 
was considered cured for a pathogen if the sample was 
free of the pathogen in question on at least 2 consecu-
tive tests during the 28-d study period (Ceballos et al., 
2010, with slight modifications). An IMI established 
after calving was considered as a new IMI if the quarter 
did not have an IMI at calving (for the pathogen in 
question) or if an IMI at calving was cured before the 
(new) IMI was established. Samples containing more 
than 2 bacterial species were considered contaminated 
and were not informative of IMI status.

Statistical Analysis

Glutathione Peroxidase. The repeated measure-
ments of GPx (beginning of treatment, 14, and 28 DIM) 
of each heifer were analyzed using linear mixed models 
(Dohoo et al., 2009). An unstructured correlation struc-
ture for the dependence within a series of observations 
for blood GPx activity within a cow was evaluated. The 
model furthermore included fixed categorical effects of 
herd, treatment group, time (days), and the interac-
tion of treatment and time. Because of the significant 
interaction of treatment and time, effects of treatment 
were evaluated at each time point using F-tests, and 
effects of time were evaluated similarly within each 
treatment group. Furthermore, model-based pairwise 
comparisons between all treatment by time combina-
tions were carried out with a Bonferroni adjustment for 
multiple testing.

Incidence Risk of New IMI and Clinical Mas-
titis. The prevalence of IMI at calving was calculated 
as the number of IMI divided by the number of quar-
ters sampled at that specific time. A logistic regression 
model combined with generalized estimating equations 
(GEE) to account for within-heifer clustering (ex-
changeable correlation structure) was used to evaluate 
any differences between unsupplemented control heifers 
and Se-supplemented heifers while including fixed effects 
of herds. The coefficients of the regression model were 
expressed as population-averaged odds ratios (OR), 
which gives the effect of Se supplementation on having 
an IMI at calving across all heifers (Dohoo et al., 2009). 
Assuming that missing values were missing completely 
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at random, they should not introduce any biases in the 
GEE estimates values (Dohoo et al., 2009).

The incidence risk of having a new IMI was calcu-
lated as the probability that an individual quarter had 
a new IMI in the 28-d period after calving, considering 
only quarters free of IMI with the pathogen of interest 
at calving. The quarter was the unit of interest, and 
clustering within heifer was accounted for by GEE es-
timation in a similar logistic regression model as above 
and including fixed effects of herds.

Incidence of CM at calving and incidence of CM in 
the first month of lactation were analyzed by logistic 
regression models similar to the ones described above, 
and herd fixed effects were also included. Comparison 
of incidence of CM in the first month of lactation be-
tween unsupplemented and Se-supplemented heifers 
was based on likelihood-ratio following random effects 
logistic regression analyses, because one of the treated 
groups had no incident cases during that period. All 
analyses were carried out using the ‘xtgee’ and ‘xtlogit’ 
commands of Stata version 11.0 (Stata Corp., College 
Station, TX).

SCC. The proportion of quarter samples with SCC 
below different cut-offs (i.e., <150,000; <250,000; 
<750,000; and <1,000,000 cells/mL) was calculated for 
each experimental group and time point (Barkema et 
al., 1999; Piepers et al., 2010). Geometric mean SCC of 
593,000 cells/mL has been found in noninfected quar-
ters at calving (Barkema et al., 1999), whereas later 
in lactation a cut-off point of approximately 200,000 
to 250,000 cells/mL has been established as optimal 
to reduce diagnostic error in distinguishing between 
noninfected and infected quarters (Schukken et al., 
2003). Therefore, the odds of having a quarter with 
SCC >500,000 and >250,000 cells/mL at calving and 
after calving, respectively, was analyzed by a logistic 
regression model with fixed effects of supplementation, 
time and herd. Clustering within quarters and heifers 
was accounted for by the alternating logistic regression 
algorithm (Kleinbaum and Klein, 2002; Dohoo et al., 
2009). Analyses were carried out using the GENMOD 
procedure of SAS version 9.2 (SAS Institute Inc., Cary, 
NC).

The repeated measurements of SCC on each heifer 
were also analyzed using linear mixed models (Dohoo 
et al., 2009). A preliminary analysis of SCC revealed a 
large variation between data collected around the day 
of calving and in the 28-d study period. Consequently, 
2 separate analyses were carried out for the analysis 
of SCC. One analysis was performed for those samples 
collected at calving and the day after, and the other 
one included the information on SCC at 7, 14, 21, 
and 28 DIM. The correlation structure consisted of 2 
parts: unstructured correlations between quarters, and 

additional unstructured and first-order autoregressive 
correlations across the first 2 time points and the time 
points after calving, respectively. Fixed effects of herd, 
treatment group, time, and their interactions were in-
cluded. All models were evaluated by examining the 
standardized residuals, and Box-Cox transformations 
of the outcome were explored whenever the model as-
sumptions were not fully met. The final analysis was 
carried out on natural log scale for SCC at calving, 
and on a power-transformed scale for SCC in the 28-d 
study period; all estimates were converted to LnSCC 
and backtransformed to SCC for presentation purposes. 
The linear mixed model analysis for GPx and LnSCC 
were carried out using the MIXED procedure of SAS 
version 9.2 (SAS Institute Inc.).

RESULTS
The mean interval from the beginning of the study 

to calving was 30 (95% CI: 25, 36), and 33 (95% CI: 
29, 36) d in the unsupplemented control heifers and 
Se-supplemented heifers, respectively. In unsupple-
mented control heifers, average milk yield at 28 DIM 
(end of the study period) was 23.4 ± 0.9 kg, whereas 
Se-supplemented heifers produced 1.2 ± 0.9 kg more 
milk. Analysis by contrasts in a linear model (including 
also herd effects) revealed that the difference between 
control and supplemented heifers was not significant (P 
= 0.20), nor was there a significant difference between 
the 2 Se sources (P = 0.78).

Mean blood GPx activity was similar among groups 
at the beginning of treatment (P = 0.14). Selenium 
treatment, time after treatment, and their interaction 
had a significant effect on blood GPx activity (P = 
0.02). Mean blood GPx activity was significantly 
higher in heifers treated with barium selenate than in 
unsupplemented controls and heifers fed Se yeast at 
14 DIM (Figure 1) and significantly higher than con-
trols at 28 DIM. No differences in Se status between 
unsupplemented heifers and heifers fed Se yeast were 
observed (Figure 1). Blood GPx activity also increased 
significantly over time in all groups until the end of the 
study, and was 116 U/g of Hb (95% CI: 65, 167 U/g of 
Hb) higher in the heifers treated with barium selenate 
compared with the mean activity in unsupplemented 
controls, and 74 U/g of Hb (95% CI: 23, 125) higher 
than the mean activity in the heifers fed Se-yeast at 28 
DIM (Figure 1).

IMI and Clinical Mastitis

The effect of Se supplementation on IMI was evalu-
ated on 1,846 (55% of the original data set) remaining 
samples, as 1,053 were lost and 461 did not match the 
criteria to establish an IMI.
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A total of 780 quarter foremilk samples collected at 
calving were cultured. Bacterial growth occurred in 209 
samples (27%), 81 samples were contaminated (10%), 
and a pathogen could not be classified in 8 samples 
(1%). Coagulase-negative staphylococci were the most 
frequently isolated group of bacteria (70%), followed 
by Escherichia coli (9%) and Streptococcus uberis (6%). 
Prevalence of IMI across heifers at calving tended to 
be lower in Se-supplemented heifers compared with un-
supplemented controls (OR: 0.5; 95% CI: 0.2, 1.2). No 
differences were observed among herds (P = 0.82).

The proportion of infected quarters at calving that 
cured was 69 and 74% for unsupplemented and Se-

supplemented heifers, respectively. However, the odds 
of cure were not significantly different among treatment 
groups (OR: 1.5; 95% CI: 0.2, 13.2). Quarters infected 
with Strep. uberis and other pathogens at calving did 
not cure over the study period (Table 2), whereas CNS 
IMI at calving lasted 16 d on average, ranging from 14 
d to 28 d.

A total of 1,066 quarter milk samples collected dur-
ing the 28-d study period after calving were cultured, 
and bacterial growth was found in 172 samples (16%). 
Seventy-four samples (7%) were contaminated, and a 
pathogen could not be classified in 21 samples (2%). 
The most common isolated pathogens were CNS (63%); 
Staph. aureus, Streptococcus dysgalactiae, and Strep. 
uberis were isolated in 16% of the samples. Twenty-six 
IMI were found in the 28-d study period, and 19 of 
them were considered new IMI. Even though new IMI 
were numerically higher in Se-supplemented heifers, 
supplementation did not significantly increase the over-
all odds of having a new IMI in the 28-d study period 
(OR: 2.2; 95% CI: 0.7, 7.4). No new IMI were found 
in one of the herds after calving; also, in the remain-
ing herds, the odds of having a new IMI after calving 
differed among herds (P = 0.02). Because of the low 
number of new infections, the pathogen-specific effect 
of supplementation could be assessed only for CNS and 
did not show any statistical significance (OR: 2.5; 95% 
CI: 0.6, 11.4).

Eleven cases of CM were detected at calving, of 
which 4 occurred in the unsupplemented control heifers 
and 7 in the Se-supplemented groups (OR: 1.1; 95% 
CI: 0.2, 6.4). During the first month of lactation, 13 
new cases were detected, 6 of which occurred in the 
unsupplemented heifers, no new cases were found in the 
barium selenate group in the 28-d study period, and 7 
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Figure 1. Least squares means with SE of blood glutathione per-
oxidase (GPx, U/g of Hb) activity in unsupplemented pastured heifers 
(n = 49) or heifers supplemented with barium selenate (n = 46) and 
Se yeast (n = 45) 1 mo before calving. a–dMeans with different letters 
differ significantly (adjusted P < 0.05).

Table 2. Quarter-level prevalence of IMI and incidence of clinical mastitis at calving, number of cured quarters, 
and new infections and clinical mastitis cases in the first month of lactation in pasture-based primiparous 
heifers supplemented with selenium before calving and unsupplemented control heifers1 

Pathogen

Unsupplemented Barium selenate Se yeast

C Cured L C Cured L C Cured L

Staphylococcus aureus 0 0 0  0 0 1  0 0 1
Streptococcus dysgalactiae 0 0 1 0 0 0 1 0 0
Streptococcus uberis 1 0 0 1 0 0 0 0 0
Escherichia coli 4 4 0 0 0 0 0 0 0
CNS 17 14 2 8 6 4 12 11 8
Other pathogens 4 0 0 0 0 1 1 0 1
Total 26 18 3 9 6 6 14 11 10
Clinical mastitis cases 4 — 6 4 — 0 3 — 7
Total quarters at risk2 126 — 102  83 — 83  118 — 113

1Only quarters with complete set of samples were included; C = number of quarters with an IMI at calving; 
Cured = number of cured quarters that had an IMI at calving; L = number of quarters with new IMI in the 
first 28 DIM.
2Number of quarters with new IMI in the first 28 DIM.



occurred in the Se yeast group (Table 2). Incidence of 
CM tended to be lower in the barium selenate-treated 
group compared with the unsupplemented heifers and 
the Se yeast-treated heifers after a Bonferroni adjust-
ment (P = 0.06).

SCC

A total of 998 quarter foremilk samples collected at 
calving and 1 d after and 2,108 quarter milk samples 
collected between 7 and 28 DIM were analyzed for 
SCC. The proportion of quarters with SCC below the 
different cut-offs at and after calving in the treatment 
groups is presented in Table 3. Geometric mean SCC 
decreased from 682,000 cells/mL at calving to 368,000 
cells/mL 1 d after calving (P < 0.001), and then gradu-
ally decreased until the end of the 28-d follow-up period 
(P < 0.001; Figure 2). Selenium supplementation, re-
gardless of Se source, tended to reduce SCC 1 d after 
calving (P = 0.08; Figure 2). However, there was no 

effect of supplementation on LnSCC during the 28-d 
period after calving (P = 0.48; Figure 2).

A significant reduction in the odds of having a quar-
ter with SCC >500,000 cells/mL at calving was found 
in Se-supplemented heifers compared with unsupple-
mented controls (Table 4). However, Se supplementa-
tion did not affect the odds of having a quarter with 
SCC >250,000 cells/mL during the 28-d after calving. 
The odds of a quarter having a SCC below the selected 
cut-off points differed among herds at calving, and after 
calving (Table 4).

DISCUSSION

Blood GPx activity increased over time in Se-supple-
mented heifers and was higher in heifers supplemented 
with barium selenate. Selenium supplementation also 
tended to decrease the prevalence of IMI and average 
SCC at calving; however, no differences were found in 
the incidence risk of new IMI or SCC among groups in 
the 28-d follow-up period after calving.

A higher blood GPx activity was found in barium 
selenate-treated heifers from 30 to 45 d, concurring 
with previous studies (Mallinson et al., 1985; Grace et 
al., 2001). However, Se incorporation into GPx struc-
ture during erythropoiesis is a slow process (Grace et 
al., 2001). Thus, a lag in the rate of change in blood 
GPx activity occurs following changes in dietary Se 
intake (Thompson et al., 1981; Grace et al., 2001). Our 
first blood GPx analyses, averaging 135 U/g of Hb, 
reflected the dietary Se intake before the beginning of 
the study, and this level was considered adequate based 
on Chilean reference ranges (Ceballos et al., 1999). Fur-
ther analyses at 14 and 28 DIM reflected an increase in 
basal intake due to supplementation of close-up diets 
with concentrates and mineral mixes. No differences in 
blood GPx activity were found between heifers fed Se 
yeast and unsupplemented control heifers. Other stud-
ies have found that Se sources may be metabolized in 
a different way, noting that Se yeast is nonspecifically 
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Table 3. Percentage of quarters with SCC below different cut-off points according to DIM in pasture-based 
primiparous heifers supplemented with selenium before calving and in unsupplemented controls1 

DIM

SCC, ×1,000 cells/mL

<150 <250 <500 <1,000

C BS Se Y C BS Se Y C BS Se Y C BS Se Y

0 20 30 26  30 32 36  40 51 50  53 57 58
1 27 41 34 38 50 44 49 65 59 61 73 68
7 70 69 73 80 80 78 90 86 86 94 89 89
14 77 74 76 86 89 89 91 92 95 93 94 96
21 77 82 81 84 91 92 90 94 96 94 96 98
28 77 77 84 88 87 94 93 94 99 96 96 99

1C = control group; BS = barium selenate group; Se Y = selenium yeast group.

Figure 2. Model-based estimated SCC (LnSCC) in milk in pas-
tured heifers, which were either unsupplemented (�, n = 49) or supple-
mented with barium selenate (�, n = 46) or selenium yeast (�, n = 
45) 1 mo before calving. For clarity, 95% CI bars are shown only for 
the barium selenate group.



incorporated into selenoproteins (Awadeh et al., 1998); 
however, selenomethionine from Se yeast can be incor-
porated into other proteins (e.g., casein) replacing me-
thionine. Consequently, supplementing Se as Se yeast 
does not necessarily result in a concurrent increase in 
blood GPx activity.

Prevalence of IMI tended to be lower at calving in Se-
supplemented heifers compared with unsupplemented 
controls. Selenium supplementation was highly protec-
tive at calving in first-lactation heifers in an intensively 
managed North American herd, reducing the preva-
lence of staphylococcal IMI by 42% (i.e., 91% of these 
were CNS, and the rest were Staph. hyicus or Staph. 
intermedius), whereas no differences in the prevalence 
of streptococci IMI and E. coli IMI were found (Smith 
et al., 1985). Notwithstanding, heifers in the trial of 
Smith et al. (1985) were fed a supranutritional Se intake 
compared with the current NRC (2001) recommenda-
tion. Achieving a Se intake close to NRC (2001) recom-
mendation in dairy cattle from Southern Chile would 
be unlikely because of low Se concentrations in pastures 
and crops; therefore, heifers in our study received a 
lower equivalent Se intake than that reported in other 
studies (Smith et al., 1985; Malbe et al., 1995).

The slight effect of Se supplementation on IMI at 
calving and on CM after calving, and in particular 
the absence of incident CM cases in heifers injected 

with barium selenate, can be linked by several factors. 
Mineral supplementation, particularly with Se, en-
hances leukocyte function and the mammary immune 
response to bacteria (Hogan et al., 1990; Piepers et 
al., 2009), now thought to be mediated through the 
expression of selenoproteins with antioxidant properties 
(Sordillo et al., 2007). Glutathione peroxidase reduces 
lipid hydroperoxides generated during the respiratory 
burst, protecting leukocytes from killing themselves 
(Sordillo et al., 2007). In addition, Se supplementa-
tion enhances the production of chemoattractants and 
influx of PMNL into the udder (Erskine et al., 1989), 
favors the production of inflammation mediators (Cao 
et al., 1992), and enhances the bactericidal capacity 
of the neutrophils (Gyang et al., 1984; Erskine et al., 
1989), all of which explain a tendency toward lower 
prevalence of infection at calving and rapid elimination 
of IMI in Se-supplemented animals. No incident CM 
cases in the first month after calving in heifers injected 
with barium selenate might be the result of differences 
in the incorporation of Se into selenoproteins with an-
tioxidant properties, which requires further study. As 
mentioned, there are metabolic differences among Se 
sources (Awadeh et al., 1998).

The lack of effect of Se supplementation on the inci-
dence of IMI can be partially explained by the power 
of the study; there was sufficient power to detect a 40% 
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Table 4. Multivariable regression model of the effect of selenium (Se) supplementation, sampling time, and 
herd on the prevalence of quarters with SCC >500,000 cells/mL at calving, and SCC >250,000 cells/mL 
in the first 28 DIM in pasture-based primiparous heifers supplemented with selenium before calving and 
unsupplemented controls 

Group Odds ratio 95% CI P-value

 SCC >500,000 cells/mL at calving
 Treatment   0.04
  Unsupplemented 1   
  Se-supplemented 0.6 0.3, 1.0  
 Herd   0.02
  1 1.5 0.7, 3.0  
  2 0.5 0.2, 0.9  
  3 0.7 0.4, 1.3  
  4 1   
 Sampling (DIM)   <0.01
  0 1   
  1 0.6 0.5, 0.8  
SCC >250,000 cells/mL at 7–28 DIM    
 Treatment   0.20
  Unsupplemented 1   
  Se-supplemented 0.7 0.5, 1.2  
 Herd   <0.01
  1 0.5 0.2, 1.1  
  2 1.6 1.0, 2.8  
  3 2.5 1.3, 4.6  
  4 1   
 Sampling (DIM)   <0.01
  7 1   
  14 0.5 0.3, 0.8  
  21 0.5 0.3, 0.7  
  28 0.4 0.3, 0.7  



change in the risk of new IMI between groups, which is 
a relatively large effect. Second, Se status was consid-
ered adequate when the study started. However, blood 
GPx activity at the beginning of the study was within 
the range at which we previously found a beneficial 
effect of Se supplementation on udder health (Kruze 
et al., 2007). A third reason could be that the basal 
Se intake, as indicated by an increase in blood GPx 
even in the unsupplemented controls, was not constant 
over the study period due to feeding concentrates and 
mineral mixes before calving.

Pathogen-specific differences in the immune response 
of the udder of Se-supplemented heifers may be another 
factor that explains the lack of a beneficial effect of Se 
on the risk of new IMI in the first month of lactation. 
A massive and rapid influx of PMNL to the udder was 
found in Se-supplemented cows after E. coli IMI (Er-
skine et al., 1989), whereas the PMNL influx was slower 
in Staph. aureus IMI (Erskine et al., 1990). However, 
PMNL were more efficient in killing Staph. aureus in 
Se-supplemented cows compared with unsupplemented 
controls (Erskine et al., 1990). In addition, the inflam-
matory response to CNS IMI was less pronounced than 
the response to IMI caused by major pathogens (Barke-
ma et al., 1999). In our study, however, the prevalence 
and incidence of Staph. aureus and CNS IMI were lower 
than reported in previous studies.

The association between nutrients other than Se and 
the udder immune response may also explain our re-
sults. Even though plasma tocopherol values decrease 
by 50% at the beginning of lactation, values start to 
increase after 20 DIM (Weiss et al., 1990), and cows 
raised in pastoral systems will typically experience 
more than sufficient intake of vitamin E when fresh 
forage is fed (Weiss, 1998). The higher vitamin E in-
take appears to have a sparing effect on Se requirement 
(Wichtel, 1998); however, this relationship has not been 
precisely quantified (NRC, 2001). A low incidence of 
Se-responsive disorders, such as subclinical or clinical 
mastitis, under pastoral conditions may be the result 
of high concentrations of vitamin E in pasture (Wich-
tel, 1998). This profile is explained by changes in DMI 
in the periparturient period. Peer-reviewed literature 
concerning the dynamics of IMI in unsupplemented 
and Se-unsupplemented cows under pastoral conditions 
comparable to those of our study is scarce. However, 
similar results were found in a trial conducted in south-
ern Chile that enrolled primiparous and multiparous 
cows, where Se supplementation with barium selenate 
before calving did not affect the risk and rate of new 
IMI during the subsequent lactation (Ceballos et al., 
2010).

Somatic cell count is elevated shortly after calving 
even in the absence of IMI, declining rapidly in the first 

6 milkings (Barkema et al., 1999; Piepers et al., 2010) 
and reaching normal levels between 2 and 4 wk of lacta-
tion (Dohoo, 1993). A relatively steep decline in mean 
SCC was found from calving to 7 DIM, followed by a 
gradual reduction from 7 DIM onward, which concurs 
with previous studies (Barkema et al., 1999; Sampi-
mon et al., 2009). The postcalving decrease in SCC is 
the net result of a combination of the reduction in the 
number of false-positive elevated SCC and a decline in 
the prevalence of IMI (Dohoo, 1993). In our study, Se 
supplementation caused a reduction in the prevalence 
of IMI at calving, which might explain the lower SCC 
found in Se-supplemented heifers; however, these re-
sults did support the conclusion from early studies that 
found a negative relationship between Se status and 
SCC in milk (Smith et al., 1985; Malbe et al., 1995).

Differences in SCC after the first week of lactation 
have an effect on lactational SCC, milk production, 
and culling rate (De Vliegher et al., 2004, 2005a,b). 
Although SCC decreased shortly after calving in Se-
supplemented heifers, geometric mean SCC was not 
affected by Se source, and no differences were found 
between unsupplemented controls and Se-supplemented 
heifers in the 28-d follow-up period after calving. Al-
though the sample size was large enough to detect dif-
ferences in blood GPx activity and a difference of 40,000 
cells/mL, the data did not reflect SCC differences of 
this magnitude between unsupplemented controls and 
Se-supplemented heifers. In addition, results of North 
American and European studies appear to have been 
influenced by a limited number of herds in which the 
reduction of disease incidence has been reported at very 
high levels of supplementation, primarily CM caused 
by environmental pathogenic bacteria. Moreover, early 
studies in intensive systems had started with a higher 
pretreatment prevalence of IMI than that observed in 
our study, thus the pathogen challenge in this study 
might have been lower (by either type or degree) than 
comparable studies of intensively raised heifers and 
cows.

CONCLUSIONS

Selenium supplementation 1 mo before calving 
increased blood GPx activity, slightly reduced the 
prevalence of IMI at calving, and lowered SCC at the 
time of calving, regardless of Se source (e.g., injectable 
barium selenate or Se yeast). Selenium supplementa-
tion did not affect the odds of new IMI or new CM 
nor did it influence SCC during the balance of the first 
month of lactation in pastured first-lactation heifers. 
Nevertheless, heifers treated with barium selenate had 
no incident cases of CM in the first month of lactation. 
For pastoral systems in southern Chile, feeding diets 
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with <0.2 mg of Se/kg of DM (~60% of the current 
NRC recommendation) appears to be effective before 
calving, especially for improving udder health in first-
lactation heifers shortly after calving.
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Table A1. Breakdown by treatment group and days of the quarter 
samples lost in the fire of the laboratory of microbiology of the Faculty 
of Sciences of the Universidad Austral de Chile (Valdivia, Chile) 

Quarter/days

Treatment group

Unsupplemented Barium selenate Se yeast

Right front
 0–1 26 40 20
 7–28 106 115 74
Right rear
 0–1 24 40 20
 7–28 105 111 73
Left front
 0–1 24 40 20
 7–28 105 111 79
Left rear
 0–1 26 40 20
 7–28 105 115 75
Total 521 612 381
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