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Introduction
Bovine mastitis is an infl ammation of the mammary gland caused by organisms as diverse as 
bacteria, yeast, mycoplasma and algae resulting in milk-safety problems and major economic 
losses [1]. Staphylococcus aureus is one of the major pathogens causing bovine mastitis in Can-
ada. It exemplifi es a persistent infection that is diffi cult to treat and where frequent relapses com-
monly lead to a chronic disease [2]. The bacterium is able to express proteins like adhesins and 
toxins that will permit the attachment to and the destruction of the host tissue. Microbial genes 
essential to virulence or to the pathogen’s survival in vivo are potential therapeutic targets that are 
not likely to exert a selective pressure leading to resistance as opposed to current treatments that 
target cell and metabolic functions that are essential to microbes in all circumstances [3].  

Previous studies permitted to show that many virulence genes could be detected in vivo in a tis-
sue cage model in mice and that iron-regulated genes were strongly expressed. This demonstrat-
ed that the mammalian host environment modulates gene expression in S. aureus and that iron-
regulated genes are good examples of potential drug targets or vaccine candidates [4].

Hypothesis 
S. aureus strains causing bovine mastitis express specifi c genes during infection but some genes, 
including iron-regulated genes, are believed to be strongly expressed during all the phases of in-
fection and to be common to several strains of S. aureus, including those causing chronic mastitis. 
These genes could be considered as important targets for vaccination or antibiotherapy. 

What are the genes specifi cally expressed in vivo during mastitis?

What are the genes expressed at all stages of the infection?

Overall, what are the genes conserved among strains causing mastitis and commonly 
expressed through time? Iron-regulated genes?

Methods
Step 1: Experimental infections
For the infections, four different S. aureus strains have been selected. Control strain SHY97-3906 
of a known in vitro transcriptome and strains #3, #557 and #1270 that were originally isolated 
from cows with chronic mastitis. Genomic characteristics regarding typical virulence genes of 
these four strains are presented in Table 1.

Eleven cows have been infected with the different strains of S. aureus. The experimental infections 
were conducted over a period of 14 or 18 days. Four quarters (four different bacterial strains) per 
cow have been inoculated. Milk has been collected over a period of 18 days for bacterial counts, 
SCC, serum collection and isolation of bacteria for transcriptomic analysis.

Typical infection profi les based on bacterial counts are presented in Figure 1. Clinical signs are 
shown in Figure 2. 

Step 2: Isolation of bacteria from milk
Milk has been collected at different time points during the experimental infections. Presented here 
is the method for isolation of S. aureus cells from milk: 10 minutes treatment of milk with casein 
protease > First centrifugation > Wash pellet with PBS > Second centrifugation > RNA protect 
(QIAgen) treatment of pellet > Third centrifugation > Store bacterial pellet at -20ºC. Appearance 
of milk and bacterial pellet with or without the protease treatment are presented in Figure 3.

Step 3: Transcriptomic analysis
Total RNA is extracted from bacteria isolated from milk. The RNA represents the genes that have 
been expressed during mastitis. RNA is then reverse-transcribed to obtain cDNAs.

The relative quantity of cDNAs obtained from bacteria isolated from cows compared to that found 
in a control condition (e.g., bacteria grown in vitro) can be obtained by microarrays or quantitative 
PCR experiments. Over expressed genes found in the bacteria isolated from the milk of experi-
mentally infected cows could be of interest for vaccine development.

•

•

•

Results

Conclusion
What has been done:

Performed RNA extraction with bacteria isolated from milk.

Amplifi ed reference genes by quantitative PCR to verify the quality of the RNA extracted.

What will be done:
Will perform RNA extractions from milk samples that show suffi cient bacterial counts.

Will amplify by QPCR a set of pre-selected genes (iron-regulated, virulence) to characterize the 
different strains used in this study and to identify genes strongly expressed during mastitis at the 
different stages of infection.
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Introduction
The periparturient period is characterized by a high incidence of infectious diseases, immu-
nodepression and metabolic disorders that cause economic losses. The cause of immunode-
pression is not known but it is likely that metabolite and hormonal changes play a role during 
this period. The metabolite changes during this period are generally associated with the nega-
tive energy balance and mobilization of fatty acids. Milking cows once a day during the week 
after calving would slow down the milk production increase and enable a more gradual transi-
tion that could have a positive impact on the animals’ health. 

Objective 
The aim of this study was to evaluate the effect on the immune function and blood 
metabolite concentration of reducing the negative energy balance by limiting milk 
production in early lactation.

Methods
Animals:  Twenty-two multiparous cows were study 5 weeks before to 5 weeks after calv-
ing. After calving, half of the cows were milked once a day for 7 days (1X) while the other half 
was milked twice a day as the usual practice (2X). Blood samples were collected twice weekly. 
Samples were collected daily during the week of calving. 

Metabolites assay:  Blood concentrations of nonesterifi ed fatty acids (NEFA), β-Hydroxybu-
tyric acid (BHBA), calcium, bilirubin, urea, phosphorous and glucose were determined in 
blood samples.

Immunological parameters:  Peripheral blood mononuclear cells (PBMCs) and polymor-
phonuclear leucocytes (PMNs) were isolated to evaluate lymphocyte proliferation, cytkokine 
release, PMN’s chemotactism, phagocytosis and respiratory burst

Results
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Table 1. Some genomic characteristics of SHY97-3906 and  the “chronic strains” #3, #557 and 
#1270 used in this study.

S. aureus strain agr type trap type cap5 cap8 fnbB cna hlb sec seg sei sen sej

SHY97-3906 2 2 - + - + - - - + + -

#3 1 1 + - +/- - + - + + - -

#557 1 1 + - + + + - - + - -

#1270 1 1 + - + + + - - + - -
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Figure 2. Clinical signs of mastitis observed during 
experimental infections: Inflammation of teat (A) 
and clots in milk (B).

Figure 3. (A) Milk before first centrifugation 
with or without casein protease. (B) After 
first centrifugation. (C) After RNA Protect 
treatment and centrifugation (last step). 
The bacterial pellet recovered from milk 
treated with proteases is much larger.   

Figure 1. Typical infection profi les based on bacterial counts in milk: #313, low counts of bacteria 
in milk; #5325, high counts of bacteria in milk (leading to the death of cow at day 15) and #366, 
sustained numbers of bacteria in milk through time. 

Figure 1. Effect of milking frequency during the fi rst week of lac-
tation on milk production. During the fi rst week of lactation, cows 
milked 1X produced 31% less milk (P =0.0014) than cows milked 
2X. Over the next 13 weeks of lactation, milk production was 3.2 
kg lower (P < 0.06) in cows milked 1X than in cows milked 2X. 

Figure 2. Effect of milking frequency during the fi rst week of lactation on blood metabolite 
changes (NEFA, BHBA, glucose, calcium, phosphorus) during the periparturient period. The in-
creases of NEFA (A) (P < 0.05) and BHBA (B) (P < 0.01) were signifi cantly higher in cows milked 
2X compared to 1X. After calving, the glucose (C) concentration remained higher (P < 0.001) 
in cows milked 1X. Blood calcium (D) on day 4 (P < 0.05) and blood phosphorus (D) on day 4 
(P < 0.07) and day 5 (P < 0.02) were higher in cows milked 1X. 

Figure 3. Effects of milking frequency during the fi rst week of lactation on immune  functions. 
The immune functions, evaluated for the PBMCs (A) and PMNs (B), did not show clear-cut pe-
ripartum immunodepression. The concentration of IFN-γ (A) was higher in cows milked 1X, on 
day 5 (P < 0.02) and day 14 (P < 0.008).

Summary
Milking once daily during the fi rst postpartum week limits blood metabolite disturbances re-
lated to energy metabolism (glucose, NEFA, BHBA)

Milking once daily during the fi rst postpartum week seems to affect the production of IFN-γ 
by PBMCs
Depression of milk production is observed in cows milked once daily even after switching to 
twice-daily milking
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The question
Lameness is a costly and widespread health and welfare prob-
lem in intensive dairy production. The increasing size of dairy 
farms makes lameness detection diffi cult, showing the need 
for automated detection methods. We examined whether mea-
sures of how cows distribute their weight between their four 
legs when standing could detect lameness. In order to better 
understand how other factors affect weight distribution between 
legs, we examined how cows distribute their weight before and 
after milking, before and after calving and when standing with 
the front hooves higher than the back ones.

What we found

Figure 2. Of a group of 48 cows, those with high gait scores indicating lameness, showed a 
greater difference in weight within a pair of contralateral legs.

Figure 3. Lame cows placed less weight on the injured leg than on the contralateral leg (A) 
and shift weight frequently from one leg to the contralateral (B). An injection of local anaes-
thetic to the injured hoof increased the weight placed on the injured leg (A) and reduced 
weight shifting (B).

Figure 4. (A) When we compared the weight distribution before and after milking, we found 
that cows placed more weight on the back before milking: 90% of the weight of the milk was 
carried on the back legs. (B) However, we found that cows did not change their weight distri-
bution before and after calving: the weight of the calf was distributed between both front and 
back legs.

Figure 5. Surprisingly, elevation of front legs had little effect on weight distribution between 
front and back legs.

Take Home Message
Lame cows take weight off the injured leg and shift weight frequently between contralateral legs. However, cows shift very little weight between front and back legs. Cows carry most of the 
milk weight on their back legs, putting some extra strain there. Force plate platforms are a promising tool for the automated detection of lame cows. 

Contralateral Leg

Ipsilateral LegDiagonally-opposite Leg 

Injured leg

(A) (B)

Figure 1. (A) Cow standing on a 
force plate platform where the 
weight placed on each leg is mea-
sured independently. (B) Weight 
placed in a particular leg, e.g. the 
injured leg, can be compared to the 
weight placed on the other legs.
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