
Veterinary Immunology and Immunopathology 162 (2014) 96–107

Contents lists available at ScienceDirect

Veterinary  Immunology  and  Immunopathology

j our na l ho me  pag e: www.elsev ier .com/ loca te /vet imm

Research  paper

Immune  response  and  functional  role  of  antibodies  raised  in
heifers  against  a  Staphylococcus  aureus  CP5  lysate  and
recombinant  antigens  vaccine  formulated  with  Iscom  Matrix
adjuvant

C.M.  Camussonea,b, N.  Pujatob,c,  M.S.  Rennab,d,  C.M.  Veautec, B.  Moreine,
I.S. Marciparb,c,  L.F.  Calvinhoa,d,∗

a Estación Experimental Agropecuaria Rafaela, INTA, Santa Fe, Argentina
b Consejo Nacional de Investigaciones Científicas y Técnicas, Argentina
c Facultad de Bioquímica y Ciencias Biológicas, Universidad Nacional del Litoral, Santa Fe, Argentina
d Facultad de Ciencias Veterinarias, Universidad Nacional del Litoral, Esperanza, Santa Fe, Argentina
e Department of Clinical Virology, Uppsala University, Sweden

a  r  t  i c  l  e  i  n  f  o

Article history:
Received 6 April 2014
Received in revised form
18 September 2014
Accepted 7 October 2014

Keywords:
Staphylococcus aureus
Bovine mastitis
Immunization
Lysate
Recombinant antigens
Iscom Matrix

a  b  s  t  r  a  c  t

Staphylococcus  aureus  is the  most  frequently  isolated  pathogen  from  bovine  intramammary
infections  worldwide.  Commercially  available  vaccines  for mastitis  control  are composed
either of S. aureus  lysates  or inactivated  whole-cells  formulated  with  traditional  adjuvants.
We  recently  showed  the  ability  of  a S. aureus  CP5  lysate  vaccine  adjuvanted  with  Iscom
Matrix  to  generate  a longer  lasting  specific  antibody  response  in  blood  and  milk,  with
improved  opsonic  capacity,  compared  with  a S. aureus  CP5 whole-cell  formulation.  The  aim
of the  present  study  was  to  obtain  an  experimental  immunogen  composed  of lysed  cells
of  a CP5  S.  aureus  strain  supplemented  with  recombinant  clumping  factor  A, fibronectin
binding  protein  A  and  �-toxin  formulated  with  Iscom  Matrix, characterize  the immune
response  generated  when  immunizing  pregnant  heifers  and  assess  the  functional  role  of
antibodies  raised  against  this  immunogen  in experimental  models.  Both  a lysate  vaccine
and  a lysate  +  recombinant  antigens  vaccine  elicited  antibodies  that  promoted  neutrophil
phagocytosis  and  inhibited  internalization  into  mammary  epithelial  cells,  in  vitro.  Incor-
poration  of defined  antigenic  molecules  to the  lysate  formulation  elicited  a  strong  specific
humoral  immune  response  against  both  lysate  and  recombinant  antigens  and  was  asso-

ciated  with  higher  expression  of  regulatory  and pro-inflammatory  cytokines.  In addition,
antibodies  were  efficient  for  blocking  S.  aureus  binding  to  bovine  fibrinogen  and  fibronectin,
and  neutralizing  �-toxin  effect  in  vitro,  placing  these  antigens  as candidates  to  be  included
in  a formulation  directed  to prevent  staphylococcal  bovine  mastitis.

©  2014  Elsevier  B.V.  All  rights  reserved.
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1. Introduction
Staphylococcus aureus is the most frequently isolated
pathogen from bovine intramammary infections (IMI)
worldwide (Zecconi et al., 2006). Lack of effectiveness
of traditional control measures based on milking time
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ygiene and antibiotic therapy against this organism
Zecconi et al., 2006), has led to the development of com-
lementary alternatives directed to prevent the disease.
mong them, manipulation of the host immune mecha-
isms through vaccination has been explored. During the

ast two decades several experimental immunogens for S.
ureus mastitis control have been evaluated (Pereira et al.,
011). However, only two vaccines, composed of lysates
f different S. aureus strains (LysiginTM, Boehringer Ingel-
eim Vetmedica Inc., St Joseph, MO,  USA) and inactivated
. aureus expressing slime associated antigenic complex
Startvac® Laboratorios Hipra, Spain), are currently com-

ercially available worldwide. However, field trials or
xperimental challenge carried out with LysiginTM in adult
ows showed only some effectiveness in reducing infec-
ion duration and severity (Middleton et al., 2006, 2009),
hereas Startvac® efficacy was estimated in two herds

ased on infection transmission and duration parameters,
esulting in a relatively low reduction of new IMI  and a
oderate efficacy for cure (Schukken et al., 2014).
S. aureus has multiple virulence factors that interact

ith the host at different stages of an IMI; hence, a suc-
essful S. aureus vaccine will probably need to include

 variety of antigens to stimulate antibody production
gainst key pathogen factors involved in IMI  (Middleton,
008). In addition, increasing evidence of the importance
f cell-mediated immunity in protection against S. aureus
nfections indicates that a vaccine should be capable of T-
ell stimulation for inducing a superior protective efficacy
Gómez et al., 2002; Middleton, 2008; Proctor, 2012). Sev-
ral molecules that contribute to pathogenesis and also
timulate mammary gland defences were identified and
roposed as vaccine candidates. The ability of the organ-

sm to internalize in epithelial and phagocytic cells is
onsidered one of the key steps in staphylococcal patho-
enesis, and this mechanism is mainly attributed to the
resence of fibronectin (Fn) binding protein (FnBP) A and B
Dziewanowska et al., 1999; Lammers et al., 1999; Fowler
t al., 2000). The S. aureus clumping factors A and B (Clf)
llow interaction between bacteria and plasmatic fibrino-
en (Fb) leading to an instantaneous clumping of bacterial
ells (Hawiger et al., 1982). It was also demonstrated that
hese factors have anti-phagocytic activity in vitro (Higgins
t al., 2006). Capsular polysaccharides (CP) 5 and 8 are
onsidered important components for vaccine develop-
ent since antibodies against them opsonize S. aureus,

nhancing polymorphonuclear neutrophil (PMN) phago-
ytosis (Guidry et al., 1991, 1994). Beta toxin (�-toxin)
s a sphingomyelinase secreted by most S. aureus strains
Aarestrup et al., 1999). This toxin lyses red blood cells
RBCs), PMN  (Marshall et al., 2000) and proliferating T-cells
Huseby et al., 2007), and it may  be involved in endosomal

embrane lysis resulting in the escape of bacteria into the
ytoplasm (Shompole et al., 2003).

The combination of S. aureus whole or lysed cells with
nactivated toxoids and capsular or extracellular products
as been a widely used strategy for vaccine formulation

Pereira et al., 2011). However, most of these components
ere used as crude extracts and therefore not completely

haracterized (Pereira et al., 2011). In addition, there
s scarce information about the use of multicomponent
d Immunopathology 162 (2014) 96–107 97

vaccines formulated with defined antigens against S. aureus
IMI  and only one of them has been evaluated in a bovine
model (Shkreta et al., 2004). In previous studies, we  have
shown the ability of experimental immunogens composed
by S. aureus whole or lysed cells formulated with Iscom
Matrix to stimulate strong humoral immune responses
in blood and milk, with production of opsonic antibod-
ies and expression of regulatory and pro-inflammatory
cytokines (Camussone et al., 2013, 2014). We  hypothesized
that inclusion of key antigenic components involved in dif-
ferent steps of staphylococcal IMI  in vaccine formulations
would extend the immune response reached by our pre-
vious immunogen (Camussone et al., 2014). The aim of
this study was  to obtain an experimental immunogen com-
posed of lysed cells of a CP5 S. aureus strain supplemented
with recombinant �-toxin, FnBPA and ClfA, formulated
with Iscom Matrix, characterize the immune response gen-
erated when immunizing pregnant heifers and assess the
functional role of antibodies raised against this immunogen
in experimental models.

2. Materials and methods

2.1. Vaccine components

Construction of expression plasmids: The nucleotide
sequence of S. aureus �-toxin, ClfA and FnBPA genes
were obtained from the GenBank database (Accession
numbers X13404, Z18852 and AJ629121.1, respectively).
Genomic DNA was  extracted using a commercial kit
(Genomics DNA extraction kit, Real Biotech Corporation),
from either a S. aureus isolated from a mastitis case
for �-toxin coding sequence or from Reynolds refer-
ence strain for ClfA and FnBPA coding sequences. PCR
was performed in a total volume of 50 �l containing:
1× PCR buffer, 2 mM MgCl2, 1 U/�l  Thermus aquaticus
DNA polymerase (Fermentas, Germany), 0.2 mM dNTPs
(Genbiotech, Argentina), 0.3 �M primers, and 50 ng of
genomic DNA. Specific primers for full length �-toxin
protein were: BTfw (5′-ggattcAAAGGAGTGATAATGATG-3′)
and BTrv (5′-gtcgacCTATTTACTATAGGCTT-3′). ClfA primers
were designed to obtain the Region A containing the Fb
binding domain being: ClfAfw (5′-gaattcGAAAATAGTGTT
ACGCAATCT-3′) and ClfArv (5′-gtcgacCTCTGGAATTGGTT
CAATTTC-3′). FnBPA primers were designed to obtain
the Fn binding domains D1D2D3 being: FnBPAfw (5′-
gaattcGGTGGCCAAAATAGCGGTA-3′) and FnBPArv (5′-
gtcgacTTGGTGGCACGATTGGAG-3′). Lower case sequences
correspond to restriction enzymes sites used for cloning.
Primers were purchased from PB-L (Argentina). Amplifi-
cation was performed in GeneAmp PCR System (Applied
Biosystems, USA) using the following program: an initial
3 min  denaturation step at 95 ◦C, followed by 10 cycles of
30 s of denaturation at 95 ◦C, 30 s of annealing at 50 ◦C for
�-toxin or 51 ◦C for ClfA or FnBPA, and 1 min  of exten-
sion at 72 ◦C, and 20 cycles of 30 s of denaturation at 95 ◦C,
30 s of annealing at 58 ◦C for �-toxin or 65 ◦C for ClfA

or FnBPA, and 1 min of extension at 72 ◦C; with a final
extension step at 72 ◦C for 5 min. PCR products were ana-
lyzed by electrophoresis on GelRed (Biotium, USA)-stained
1% agarose gels (Biodynamics, Argentina), and sequenced
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using an ABI3130xl DNA sequencer (Applied Biosystems).
The obtained sequences were deposited in the GenBank
database under Accession Numbers KC242859, KJ001294,
and KJ001293 for �-toxin, ClfA and FnBPA, respectively.
PCR products were cloned into pET32a expression vector
(Merck Millipore, Germany) and transformed into compe-
tent Escherichia coli BL21(DE3) cells.

Protein expression and purification: E. coli BL21(DE3) cells
bearing the different plasmidic constructions pET32a �-
toxin, pET32a ClfA and pET32a FnBPA, were grown
overnight (ON) in LB medium, supplemented with
0.1 mg/ml  of ampicillin at 37 ◦C, with agitation. Protein
expression was induced ON with 0.5 mM isopropyl-�-
d-1-thiogalactopyranoside and the respective r�-toxin,
rClfA and rFnBPA antigens were purified with a Ni-
nitrilotriacetic acid column (GE), as described elsewhere
(Aguirre et al., 2006). Protein quantification was performed
using a spectrophotometer (NanoDrop 2000, Thermo Sci-
entific) and purity was analyzed by 15% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
followed by Coomassie brilliant blue staining (Laemmli,
1970).

S. aureus lysate: S. aureus CP type 5 strain (Reynolds) was
obtained as described previously (Camussone et al., 2014).

2.2. Formulation of vaccines

The experimental immunogens consisted of a S.
aureus Reynolds lysate suspension corresponding to
1 × 109 CFU/dose (Lysate), or a S. aureus Reynolds lysate
suspension (corresponding to 1 × 109 CFU) supplemented
with 200 �g of each r�-toxin, rClfA and rFnBPA anti-
gens/dose (Lysate + Recombinant antigens). Vaccines were
formulated with 2 mg/dose of Iscom Matrix. The adju-
vant was kindly supplied by Isconova, Uppsala, Sweden. A
placebo consisting of sterile PBS and adjuvant (2 mg/dose
Iscom Matrix) was used as control. Sterility of these for-
mulations was evaluated by plating 100 �l on blood agar
plates in duplicate and incubating 48 h at 37 ◦C.

2.3. Animals and treatments

Twenty seven Holstein dairy heifers in the last
trimester of gestation belonging to the dairy herd of
INTA Rafaela Experiment Station were used. Animals were
randomly allocated in three groups; Lysate (Lys; n = 9),
Lysate + Recombinant antigens (Lys + Rec; n = 9) and control
(n = 9). To detect statistical differences in ELISA OD between
vaccinated groups of 0.75 (SD 0.4) with a two-side 5% sig-
nificance level and a power of 80%, a sample size of seven
heifers per group was necessary. Each group received one
of the different formulations. Heifers were injected sub-
cutaneously with 2.3 ml  of vaccine in the supramammary
lymph node area at approximately 45 and 14 days before
the expected calving date. At 14 days before expected calv-
ing date udders of all heifers were clinically examined
by palpation, samples of pre-partum mammary secretion

were taken following standard procedures (Oliver et al.,
2004) and subjected to bacterial culture to determine the
presence of S. aureus IMI. Only animals free of S. aureus
IMI  and with no clinical signs of inflammation continued in
d Immunopathology 162 (2014) 96–107

the experiment. Animals were bled by puncture of the coc-
cygeal vein before each inoculation, and 7, 14, 21, 30 and
60 days after calving. Blood was  allowed to clot and sera
were collected via centrifugation. After parturition, asep-
tic quarter foremilk samples were collected every week
from the first week after calving to 60 days after calving.
An aliquot of each quarter sample was subjected to bacte-
rial culture and composite samples, conformed by 500 �l
of milk from each quarter, were used for antibody determi-
nations. These samples were acidified and centrifuged for
15 min. at 300 × g; whey was  collected and stored at −20 ◦C
until processed. From the third month post-calving to the
end of lactation period, milk samples were taken monthly
and subjected to bacterial culture. All the procedures were
carried out according to the Guide for the Care and Use of
Agricultural Animals in Agricultural Research and Teaching
(FASS, 1999).

2.4. Bacteriological examination

Mammary secretion samples were cultured for mas-
titis pathogens according to standard procedures (Oliver
et al., 2004). Gram positive, coagulase positive isolates were
subjected to Multiplex PCR for S. aureus identification, as
previously described (Martineau et al., 1998). The presence
of one colony of S. aureus on blood agar was  considered
as a positive identification; therefore, detection limit was
100 CFU/ml. IMI  was defined as two  consecutive samples
yielding the same organism (Smith et al., 1990).

2.5. Serological methods

Specific antibody production (IgG and IgG2 subtype)
was  measured by enzyme-linked immunosorbent assay
(ELISA). IgG2 was quantified since this subclass is con-
sidered the most effective opsonin promoting PMN
phagocytosis (Burton and Erskine, 2003). Flat-bottomed
96-well microtitre plates were coated with a suspen-
sion of S. aureus Reynolds lysate (corresponding to
1 × 108 CFU/well), 5 �g/well of purified CP5, or 0.5 �g/well
of r�-toxin, rClfA or rFnBPA, in PBS (pH 7.2). ELISA was per-
formed as previously described (Camussone et al., 2013).
Working dilutions of sera and whey were 1/2000 and 1/200,
respectively.

2.6. Neutrophil phagocytosis

Bovine PMN  were obtained from a healthy animal as
described previously (Siemsen et al., 2007). Briefly, FITC-
labeled S. aureus Reynolds (1 × 108 CFU/ml) was incubated
with heat inactivated sera obtained at day 7 post-calving
from each animal included in the study or Hanks Bal-
anced Salt Solution (HBSS), for 30 min  at 37 ◦C with gentle
shaking. Bovine PMN  (1 × 107 cells/ml) were added and
incubated for another 30 min  at 37 ◦C with gentle shak-
ing. Phagocytosis was stopped by the addition of NaCl
0.85%/EDTA 0.04%. Finally, the mixture was  stained with

ethidium bromide to quench extracellular fluorescence
(Weingart et al., 1999). Fluorescence intensity was read
by flow cytometry (FACSCanto II, BD Biosciences). PMN
were gated and fluorescence intensity was depicted on a
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37 ◦C. Plates were washed three times with 0.05% Tween 20
in PBS between each step. Lastly, enzyme substrate (Tetra-
C.M. Camussone et al. / Veterinary Immun

our-decade logarithmic scale and single-parameter anal-
sis as histograms. Data were analyzed with WinMDI
oftware. The percentage of PMN  with associated bac-
eria was assessed and the mean fluorescence intensity
MFI) was used to estimate the number of bacte-
ia internalized per positive cell (Zetterlund et al.,
998).

.7. Mammary epithelial cells internalization assay

The established bovine mammary epithelial cell line
MAC-T) (Huynh et al., 1991) was used. MAC-T cells
ere grown in Dulbecco’s modified Eagle’s medium

Gibco BRL, Grand Island, NY) supplemented with 10%
eat-inactivated fetal bovine serum (Gibco BRL), insulin
5 �g/ml), hydrocortisone (1 �g/ml), penicillin (100 U/ml)
nd streptomycin sulphate (100 �g/ml) (Sigma Chemical
o., St. Louis, MO). The bacterial invasion assay was per-

ormed as previously described (Almeida et al., 1996) with
odifications. S. aureus Reynolds was pre-incubated with

/10 dilution of whey samples obtained at day 7 post-
alving from each animal included in the study, for 60 min
t 37 ◦C with gentle shaking. After incubation, bacterial
uspension was  co-cultured with confluent monolayer of
AC-T cells in DMEM at a multiplicity of infection of 100.

fter incubation, monolayers were washed three times
ith PBS (pH 7.4) and treated with gentamicin (100 �g/mL,

igma) in DMEM at 37 ◦C in 5% CO2 for 2 h to kill extracellu-
ar bacteria. Supernatants were collected and streaked onto
lood agar to verify the killing by gentamicin. Monolayers
ere then washed three times with PBS, treated with 0.25%

rypsin-0.1% EDTA (Gibco BRL), and further lysed with Tri-
on X-100 (Amersham, Arlington Heights, IL, USA) 0.025%
v/v) in sterile distilled water to release intracellular bacte-
ia. Cell lysates were 10-fold serially diluted, streaked onto
lood agar and incubated ON at 37 ◦C to determine S. aureus
FU/ml. Each assay was run in triplicate with three obser-
ations per assay. Data were expressed as percentage of
ontrol group (100%).

.8. Recognition and haemolytic activity inhibition of
ative ˇ-toxin (nˇ-toxin)

Partial purification of native ˇ-toxin: n�-toxin was  par-
ially purified from culture supernatants of a S. aureus
solated from a mastitis case and found to produce only
-toxin in vitro, as previously described (Calvinho et al.,
993). The obtained extract was stored at −20 ◦C until
eeded. Haemolytic activity against sheep red blood cells
RBC) was assessed as previously described (Wadström and

öllby, 1971). The end point was taken as the dilution
howing 100% haemolysis. The inverted value of this dilu-
ion indicated the number of haemolytic units of undiluted
xtract/ml (HU/ml).

Western blot: Ten microliters of each n�-toxin or
�-toxin were separated by SDS-PAGE and transferred
o 0.45 �m nitrocellulose membranes (Mini Trans-Blot

ell, BioRad). Membranes were first incubated with PBS
ith low fat goat milk 5%, and then with pooled sera

btained at 7 days post-calving from each group of ani-
als, diluted in PBS with low fat goat milk 1%. Finally
d Immunopathology 162 (2014) 96–107 99

membranes were incubated with peroxidase-conjugated
rabbit-anti-cow IgG (Sigma). Between each step, plates
were washed five times with 0.05% Tween 20 in PBS.
All incubations were 1 h at 37 ◦C. Lastly, enzyme sub-
strate (H2O2/diaminobenzidine, Sigma) was  added and the
reaction was  stopped by submerging the membranes in
distilled water.

Native ˇ-toxin activity inhibition:  one hundred micro-
liters of 1/50 dilution of extract containing n�-toxin was
incubated with 100 �l of serial 2-fold dilutions of sera
obtained at 7 days post-calving from each animal included
in the study, for 1 h at 37 ◦C. Then, 100 �l of sheep RBC
were added and incubated for another hour at 37 ◦C, for
1 h at room temperature, and finally ON at 4 ◦C. The end
point was  taken as the dilution showing 100% haemolysis.
The inverted value of this dilution indicated the haemolysis
inhibition titer.

2.9. Blocking assays

For Fn binding assays, IgG specific for vaccine com-
ponents was  purified from sera obtained at 7 days
post-calving in order to remove soluble Fn or other plasma
proteins that might interfere with binding (Schennings
et al., 1993). Briefly, pieces of nitrocellulose membranes
were coated with a suspension of S. aureus lysate or S.
aureus lysate + recombinant antigens (1 mg  of total protein
content). After three washes with 0.05% Tween 20 in PBS,
membranes were incubated for 1 h with 2 ml  of sera from
either Lys or Lys + Rec groups, respectively, and washed
again. Finally, antibodies were desorbed by 5 min  incu-
bation with 2 ml  of Glycine–HCl 0.1 M,  pH 2.8, and then
neutralized with NaOH 0.1 N. Nitrocellulose membranes
coated with r�-toxin were used to purify specific antibod-
ies to be used as control group, since these antibodies do
not block FnBPA-Fn binding. Purified antibodies were con-
served at −20 ◦C.

Ability of antibodies to block Fn/Fb binding was tested as
described previously (Schennings et al., 1993) with modi-
fications. Briefly, flat-bottomed 96-well microtitre plates
were coated with 5 �g/well of bovine Fb or 2 �g/well
of bovine Fn (Invitrogen), in PBS (pH 7.2). Fibrinogen
was purified from bovine plasma by ethanol precipita-
tion (Ismail, 2012). The remaining sites were blocked
by incubating with bovine serum albumin 5% in PBS. A
suspension of 1 × 109 CFU/ml of S. aureus Reynolds was
pre-incubated with sera (Fb assays) or purified antibod-
ies (Fn assays) obtained at day 7 post-calving from each
animal included in the study, for 1 h at 37 ◦C with gentle
shaking. The coated plates were first incubated with 100 �l
of pre-incubated bacteria, then with mouse anti-S. aureus
Reynolds serum and finally with peroxidase-conjugated
rabbit anti-mouse IgG (Sigma). All incubations were 1 h at
methylbenzidine, Invitrogen) was added and the reaction
was stopped by the addition of 0.5 N H2SO4. The absorbance
was read at 450 nm and results were expressed as optical
density.
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2.10. Cytokine expression

Blood samples were collected aseptically 24 h after the
second inoculation of vaccines, by jugular venipuncture
from seven animals in control group, four animals in Lys
group and six animals in Lys + Rec group. RNA extrac-
tion and cDNA preparation were carried out as previously
described (Camussone et al., 2014). IL-4, IL-10, IL-12 p-40,
IL-17A and IFN-� mRNA relative expression levels were
determined by quantitative Real Time PCR with specific
primers, using �-actin as normalization gene as described
(Camussone et al., 2014). IL-17A forward/reverse primers
(Ta = 62 ◦C) were those previously used by Maeda et al.
(2013). Each PCR was performed in duplicate in a total vol-
ume  of 10 �l containing the following: 2 �l of 1/8 diluted
cDNA, 5 �l of 2× SYBR green PCR master mixture (Real
Mix, Biodynamics), 0.25 �l of each 10 �M sense/antisense
primers and 2.5 �l of sterilized deionized H2O. PCR reac-
tions were performed on a Rotor Gene Q (Qiagen, Hilden,
Germany) using a basic program as follows: one hold of
initial denaturation of 3 min  at 95 ◦C, followed by 40 cycles
of 20 s at 95 ◦C, 20 s at Ta (◦C), and 30 s at 72 ◦C. Relative
expression levels were calculated using REST 2009 V2.0.13
software (Pfaffl et al., 2002).

2.11. S. aureus isolates characterization

Pulse field gel electrophoresis (PFGE): the clonality of S.
aureus isolated from animals included in the study was
assessed by PFGE of SmaI-digested (Invitrogen) chromo-
somal DNA fragments using a CHEF-DR II apparatus (BioRad
Laboratories, CA, USA) as previously described (Barbagelata
et al., 2012), including S. aureus Reynolds strain. The sim-
ilarity between PFGE types was evaluated by the Dice
coefficient. The resultant similarity matrix was analyzed by
the unweighted pair group method using arithmetic aver-
ages (UPGMA), and data were analyzed with PyElph 1.4
software (Pavel and Vasile, 2012).

Capsular genotype: The presence of cap5k and cap8I loci
in S. aureus isolates was evaluated by PCR as described
(Camussone et al., 2012).

2.12. Statistical analysis

A statistical software package (SPSS version 17.0) was
used to perform statistical analysis. A design with data col-
lected in a sequence of unequally spaced points in time was
used for comparative analysis of antibody responses of dif-
ferent groups through time. A 3 × 8 or 3 × 5 factorial model
for factors treatment (control, Lys, Lys + Rec) and time (−45,
−30, −15, 0, 7, 15, 30, 60 days relative to calving for serum
and 7, 15, 21, 30, 60 days relative to calving for whey)
was used. Results were compared by non-parametric test
Kruskal–Wallis followed by Mann–Whitney’s test to detect
differences between pairs (p < 0.05).

3. Results
Immunization did not cause any adverse reaction at
the injection site in neither group. One animal belonging
to control group was excluded from the study because of
d Immunopathology 162 (2014) 96–107

pre-partum S. aureus IMI. One heifer belonging to control
group and other from Lys group were excluded because of
abortion.

3.1. Antibody response in serum

3.1.1. Antibody response to S. aureus lysate
IgG and IgG2 against S. aureus lysate in serum were

assessed. No S. aureus antibodies were detected in pre-
immune samples of any animal included in the study. After
the application of two doses of vaccine and until the end of
the observation period (60 days post-calving), both immu-
nized groups showed significantly higher IgG anti-S. aureus
lysate levels in serum than those observed in control group
(p < 0.05). Among immunized animals, those in Lys group
developed higher IgG anti-lysate levels compared with ani-
mals in Lys + Rec group, at every sampling time during the
first 60 days post-calving (p < 0.05). Maximum IgG anti-S.
aureus lysate absorbances in serum were observed in both
Lys and Lys + Rec groups 1 week after calving, and exceeded
about 13 and 8 times, respectively, levels in control group
(Fig. 1A).

Regarding IgG2 anti-S. aureus lysate in serum, after
inoculation with two doses of vaccines, both immunized
groups significantly augmented their antibody levels com-
pared with those observed in control animals (p < 0.05).
These levels reached their maximum at 7 days post-calving
and remained augmented during the first 60 and 30 days
post-calving for Lys and Lys + Rec groups, respectively, in
comparison with levels in control group (p < 0.05). Among
immunized animals, this subclass levels were significantly
higher in animals from Lys group than those detected in
animals from Lys + Rec group (p < 0.05) (Fig. 1B).

3.1.2. Antibody response to S. aureus virulence factors
Capability of formulations to induce antibodies against

selected S. aureus virulence factors was also evaluated.
From the first week post-calving and until the end of
the observation period, both immunized groups showed
similar anti-CP5 antibody levels, which were signifi-
cantly higher than those detected in control animals
(p < 0.05). Only animals in Lys + Rec group developed spe-
cific IgG against r�-toxin, rClfA and rFnBPA. For the three
recombinant antigens, specific antibody levels reached
their maximum around the first week post-calving and
remained augmented for 2 months, in comparison with
levels in Lys or control groups (p < 0.05) (Fig. 1C–F).

3.2. Antibody response in milk

3.2.1. Antibody response to S. aureus lysate
IgG and IgG2 anti-S. aureus lysate levels were analyzed

in whey samples of all animals included in the study. Both
immunized groups developed significantly higher IgG anti-
S. aureus lysate levels in whey, in comparison with those in
from the first week post-calving until 21 days post-calving
for Lys + Rec group, and until 60 days post-calving for Lys
group (p < 0.05) (Fig. 2A). No anti-S. aureus lysate IgG2 was
detected in whey of any of the three treatment groups.
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Fig. 1. Antibody response in serum. IgG anti-S. aureus lysate (A), Mean IgG2 anti-S. aureus lysate (B), IgG specific to S. aureus selected virulence factors,
r d with 

(

3

l
i
g

F
i

�-toxin (C), rClfA (D), rFnBPA (E) and CP5 (F); in sera of heifers immunize
©).

.2.2. Antibody response to S. aureus virulence factors

Antibody response directed to selected S. aureus viru-

ence factors was evaluated in whey samples of all animals
ncluded in the study. Only animals belonging to Lys + Rec
roup showed significantly elevated IgG anti-S. aureus

ig. 2. Antibody response in whey. IgG anti-S. aureus lysate (A), IgG specific to S.
n  whey of heifers immunized with S. aureus lysate (♦), S. aureus lysate + recombi
S. aureus lysate (♦), S. aureus lysate + recombinant antigens (�), or control

r�-toxin, rClfA and rFnBPA levels in whey, from the first

week post-calving and until the end of the observation
period, in comparison with levels in Lys or control groups
(p < 0.05) (Fig. 2B–D). No IgG anti-CP5 was detected in whey
samples from any of the three treatment groups.

 aureus selected virulence factors, r�-toxin (B), rClfA (C) and rFnBPA (D);
nant antigens (�), or control (©).
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Fig. 3. In vitro functional analysis of immune serum and whey. (A)/(B) Neutrophil phagocytosis of S. aureus Reynolds opsonized with sera obtained at 7
days  post-calving from heifers immunized with S. aureus lysate, S. aureus lysate + recombinant antigens or control, measured by flow cytometry. Data are
expressed as percentage of FITC + PMN  or MFI, respectively. Bars represent the mean of eight individual sera per group run in duplicate. Error bars represent
the  standard deviation of the mean (S.D.M.). Different letters correspond to statistically significant differences (p < 0.05). (C) Internalization of S. aureus
Reynolds into bovine mammary epithelial cells. Percentage of S. aureus Reynolds internalization into bovine mammary epithelial cells after pre-treatment
of  bacteria with whey from heifers immunized with S. aureus lysate, S. aureus lysate + recombinant antigens, or PBS (as control group). Data are expressed
as  percentage of controls (100%). Bars represent the mean of eight individual whey samples per group, run in triplicate. Error bars represent the standard
deviation of the mean (S.D.M.). *p < 0.05 vs control group.

d at 7 d
Fig. 4. Western blot. Native �-toxin recognition by pools of sera obtaine
lysate + recombinant antigens, or control.

3.3. In vitro functional analysis of immune serum and
whey

3.3.1. Neutrophil phagocytosis
Sera from animals in Lys or Lys + Rec groups aug-

mented significantly the percentage of bacteria-containing
neutrophils (38.1% ± 9.7% and 40.3% ± 6.2%; respectively)
compared with sera from control animals (13.1% ± 1.8%;
p < 0.05) (Fig. 3A). The MFI  parameter was also significantly
higher when sera from Lys or Lys + Rec groups were used for
phagocytosis assay (200 ± 15 and 199 ± 14, respectively),
compared with that of heifers in the control group (148 ± 8;
p < 0.05) (Fig. 3B).

3.3.2. Internalization by MAC-T cells
Whey from Lys and Lys + Rec vaccinated groups

inhibited internalization of S. aureus into bovine mammary

epithelial cells (29% ± 10% and 15% ± 6% of internaliza-
tion, respectively) compared with PBS-treated controls
(p < 0.05), whereas no significant differences were observed
between both vaccinated groups (Fig. 3C).

Table 1
In vitro functional analysis of antibodies obtained at 7 days post-calving from 

antigens, or control. Different letters correspond to statistically significant differe

Control 

Haemolysis inhibition titer 108 ± 74a

Fb binding (%) 94.0 ± 11.9a

Fn binding (%) 114.0 ± 6.37b
ays post-calving from heifers immunized with S. aureus lysate, S. aureus

3.3.3. Native ˇ-toxin inhibition assays
The extract containing n�-toxin partially purified from

S. aureus culture supernatant showed a haemolysis titer
of 1/2187 HU/ml. Western blot assays were performed in
order to confirm the ability of antibodies generated by
immunization of heifers with recombinant �-toxin to rec-
ognize the native antigen (n�-toxin). Only pooled sera
obtained at 7 days post-calving from heifers in Lys + Rec
group were able to recognize a 35 kDa band correspond-
ing to n�-toxin (Fig. 4). In addition, sera obtained at 7
days post-calving from animals in Lys + Rec group showed
higher n�-toxin inhibition titers in hemolytic activity
assays with sheep RBC than sera from animals in Lys or
control groups (p < 0.05) (Table 1).

3.3.4. Blocking assays
Table 1 shows the results obtained in the ELISA designed

to evaluate capability of antibodies generated by immu-

nization to inhibit S. aureus binding to bovine Fb and
Fn in vitro. Pre-incubation of S. aureus with antibodies
obtained at 7 days post-calving from animals in Lys + Rec
group significantly reduced binding of bacteria to Fb or Fn

heifers immunized with S. aureus lysate, S. aureus lysate + recombinant
nces (p < 0.05) among groups.

Lys Lys + Rec

320 ± 268a 1440 ± 1152b

57.2 ± 23.1b 16.2 ± 7.8c

129.5 ± 6.1a 26.7 ± 11.2c
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ig. 5. Cytokine expression levels relative to the control group (Express
nimals immunized with S. aureus lysate or S. aureus lysate + recombinant
ach  graph. Control group value is represented as dashed line (ER 1).

ompared with antibodies from animals in Lys or control
roup (p < 0.05).

.4. Cytokine expression

Both immunized groups showed significantly higher
L-10 mRNA levels compared with control group 24 h
fter inoculation with second dose of vaccine (Expres-
ion ratio [ER] Lys 1.861, p < 0.05; ER Lys + Rec 3.019,

 < 0.05). Both formulations also induced an increase in
L-12 p40 mRNA levels relative to non-immunized con-
rols, but this difference was statistically significant only
or animals in Lys + Rec group (ER 2.870; p < 0.05). Only
he lysate + recombinant antigens formulation stimulated

 significant increment on IL-17 mRNA levels (ER 2.579;
 < 0.05). Interleukin-4 and IFN-� expression was not
ffected by either treatment (Fig. 5).

.5. Characterization of S. aureus isolated from natural
MI

Milk samples for bacteriological culture were obtained
onthly during the whole lactation period (10 months). S.

ureus was isolated from the front right quarter of an ani-
al  belonging to control group at 2 months post-calving

nd was recovered from the same quarter until the end
f lactation. The presence of cap5k and cap8I loci was not
etected in this isolate. One heifer from Lys group showed S.

ureus IMI  in the rear right and left quarters and the front
ight quarter at 2, 5 and 6 months post-calving, respec-
ively. These quarters remained infected until the end of
actation. This isolate was  genotyped as CP5. Isolates from
, ER) in blood observed in vivo 24 h after the second dose of vaccine, in
s. Median ER values are represented as horizontal bars and shown below

heifers of control and Lys group expressed different PFGE
patterns; while within groups, the isolates obtained more
than once from the same quarter or cow expressed identical
PFGE, confirming establishment of IMI.

4. Discussion

There is scarce information about the immune response
to bacterial lysates and defined antigens formulated with
ISCOMs for vaccination against S. aureus bovine mastitis
(Camussone et al., 2014; Nelson et al., 1991). In the present
study, administration of two doses of both Lysate and
Lysate + Recombinant antigens formulations elicited strong
IgG and IgG2 responses in blood and IgG in milk, in compar-
ison with control animals. However, no specific IgG2 was
found in whey of heifers included in the study. In previ-
ous reports, no detectable amounts of IgG2 were produced
in whey after intramammary vaccination with heat-killed
S. aureus CP5 and CP8 (Barrio et al., 2003), subcutaneous
administration of LysiginTM in the neck (Luby et al., 2007) or
subcutaneous administration in the supramammary lymph
node area of a formalin inactivated or lysate S. aureus CP5
formulated with Iscom Matrix (Camussone et al., 2013,
2014). These findings are in accordance with the low IgG2
levels found in milk from healthy quarters (Caffin and
Poutrel, 1988). However, IgG2 becomes the dominant anti-
body subclass in milk 4–12 h post-bacterial infection of
the mammary gland due to massive transport from blood

into milk during inflammation prior to the peak neutrophil
response (Sordillo and Streicher, 2002), thus enhancing
phagocytic capacity and bacterial clearance in the infected
gland (Burton and Erskine, 2003; Paape et al., 2003). The
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potential passage of this subclass into milk in immunized
animals as well as its contribution to S. aureus IMI  clear-
ance still needs to be evaluated following experimental
challenge.

Only heifers in Lys + Rec group developed significant
levels of IgG specific for r�-toxin, rClfA and rFnBPA in
blood and milk. Antibody levels were similar for the three
recombinant antigens, suggesting a balanced host response
against each component of the formulation. In a previ-
ous study where heifers received two doses of plasmids
encoding S. aureus Clf and FnBP, followed by a booster
with the recombinant antigens formulated with incom-
plete Freund’s adjuvant, IgG responses against Clf were
at least five times higher than the ones directed to FnBP
(Shkreta et al., 2004). In addition, IgG production following
mice intranasal immunization with two doses of a plasmid
mixture coding for four S. aureus adhesins was not equally
efficient against every antigen. Authors suggested that this
biased response might have depended on a difference in the
immunodominance of expressed antigens and its ability to
interact with antigen presenting cells (Castagliuolo et al.,
2006). It has been proposed that DNA vaccines are often
less effective in large animals than in mice, probably due
to a transfection deficiency and a low level of expression
elicited by plasmid vectors (Babiuk et al., 2003). Results in
the present study suggest that administration of two doses
of recombinant antigens formulated with an appropriate
adjuvant would be more effective than DNA vaccines for
the stimulation of an adequate humoral response in dairy
cattle. Lastly, in accordance with previous findings (O’Brien
et al., 2001; Camussone et al., 2014), both formulations
elicited high levels of anti-CP5 antibodies in blood, con-
firming that enzymatic lysis of S. aureus cells does not affect
CP structure.

Functionality of blood and milk antibodies generated
through vaccination was evaluated in vitro in phagocy-
tosis assays with bovine PMN  and internalization assays
into mammary epithelial cells, respectively; using exper-
imental models representing early interactions of the
infectious process. Antibodies generated by both immuno-
gens enhanced S. aureus phagocytosis by PMN, through
an increment in the PMN  that internalized bacteria and
in the number of bacteria internalized by positive cell,
compared with antibodies from control animals. No signif-
icant differences in the opsonic capacity of sera from both
immunized groups were observed. This similarity in the
opsonization efficiency induced by both formulations can
be explained by the analogous anti-CP5 IgG levels detected
in animals from both vaccinated groups, agreeing with pre-
vious observations that only antibodies directed to CP were
able to increase S. aureus phagocytosis by bovine PMN
(Guidry et al., 1991, 1994). S. aureus ClfA anti-phagocytic
properties, including formation of aggregates as a result
of interaction with plasma Fb (Higgins et al., 2006) and
inactivation of complement cascade (Hair et al., 2010)
have been reported. However, since these mechanisms are
not explored in the PMN  phagocytosis assays performed

in the present study, the potential contribution of anti-
bodies anti-ClfA in sera of animals from Lys + Rec group
cannot be determined. Mammary epithelial cell invasion
was evaluated to determine the effect of antibodies raised
d Immunopathology 162 (2014) 96–107

by vaccination on adherence and internalization of S. aureus
in mammary epithelial cells. Pre-incubation of S. aureus
Reynolds with whey from animals in Lys or Lys + Rec groups
significantly reduced the number of bacteria internalized
by MAC-T cells, in comparison with whey from control
animals. In a previous study, whey from heifers immu-
nized with a DNA vaccine coding S. aureus Clf and FnBP,
followed by a booster with the recombinant antigens, was
not able to significantly inhibit binding of S. aureus to
MAC-T cells compared with their respective pre-immune
whey samples (Shkreta et al., 2004). More recently, it was
demonstrated that milk from cows immunized with a plas-
mid  containing the coding sequence for ClfA followed by
a protein boost decreased S. aureus adherence to MAC-
T cells in a concentration-dependent manner, compared
with milk from non-immunized animals (Nour El-Din et al.,
2006). In the present study, the higher antibody titer spe-
cific for the recombinant adhesion molecules in whey from
heifers in Lys + Rec group, was  not associated with signif-
icant S. aureus internalization reduction compared with
whey from Lys group, although a tendency to a higher
inhibition of bacterial internalization for whey in Lys + Rec
group was  observed. It has to be taken into account that
even though the FnBP plays a major role in S. aureus adhe-
sion/internalization into epithelial cells, other S. aureus
molecules involved in cell adhesion that can function in
concert with the former to promote cell invasion have
been identified (Sinha and Fraunholz, 2010; Foster et al.,
2014)).

There is scarce information about the use of recom-
binant S. aureus antigens in the formulation of vaccines
directed to prevent S. aureus mastitis in cattle (Pereira et al.,
2011). Previous reports demonstrated that a recombinant
�-toxin expressed in E. coli cells had biological activity
against sheep RBC (Huseby et al., 2007). However, this
molecule was  not evaluated as immunogen for S. aureus
mastitis in cattle. Therefore, to the best of our knowl-
edge, the ability of antibodies specific for this recombinant
toxin to recognize and block native �-toxin haemolytic
activity was  evaluated for the first time in the present
study. Sera from heifers in Lys + Rec group significantly
inhibited sheep RBC haemolysis by n�-toxin in vitro con-
firming its potential value as an immunogen. Although
toxoids (Watson, 1992; Nickerson et al., 1993; Nordhaug
et al., 1994a,b; Hwang et al., 2000) and exosecretion mate-
rial (Leitner et al., 2003a,b) have been included in vaccines
to immunize cattle against S. aureus mastitis, these com-
ponents were used as crude extracts and therefore not
completely characterized. In a field trial, where pregnant
heifers were immunized with inactivated S. aureus bacte-
ria with pseudocapsule and � and � toxoids, antibodies
specific to partially purified �-toxin were only detected
in serum, whereas no differences in antibody levels were
found between vaccinated and control animals in milk
(Nordhaug et al., 1994b). Recombinant peptides contain-
ing the Fn binding domains D1D2D3 of FnBPA and the Fb
binding Region A of ClfA, were obtained in the present study

based on previous results showing the antigenicity of these
molecules in cattle (Nelson et al., 1991; Nour El-Din et al.,
2006). Antibodies from heifers in Lys + Rec group signifi-
cantly reduced bacterial binding to Fn or Fb in vitro. These
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esults suggest that immunization with peptides contain-
ng the active domains of these S. aureus adhesins would
nduce antibodies able to block the organism binding to
heir target molecules. However, contribution of these anti-
odies to the inhibition of early host–S. aureus interactions
onducive to IMI  clearance needs to be evaluated in exper-
mental in vivo models.

It was proposed that vaccines that solely stimulate
umoral immunity will probably not be sufficient to pre-
ent new S. aureus IMI  (Middleton, 2008). Establishment
f chronic S. aureus infection in the mammary gland may
nly be prevented through vaccination if both humoral
nd cell-mediated immune responses against the pathogen
re stimulated (Gómez et al., 2002). In the present study,
nnate and T helper activation was indirectly evaluated
hrough the assessment of IL-4, IL-10, IL-12 p-40, IL-
7A and IFN-� mRNA relative levels (Zhu et al., 2010)

n PBMC 24 h following the administration of the second
ose of vaccines. In accordance with recent observations

n our laboratory with Iscom Matrix formulations, both
mmunogens up-regulated the expression of IL-10 and
L-12 p40 relative to controls (Camussone et al., 2013,
014). Interleukin-10 is a regulatory cytokine that acts

imiting inflammation and influencing the nature of the
daptive immune response to infection. Recent studies
reviewed by Kubo and Motomura, 2012) demonstrated
hat IL-10 can be expressed by many cells of both adap-
ive and innate immunity, like dendritic cells, macrophages
nd natural killer cells. Plasticity of IL-10 production by

 cells is not only the result of cytokine microenviron-
ent, but also of sustained antigen presentation (Kubo

nd Motomura, 2012), which is one of the main proper-
ies of Iscom Matrix mechanism of action (Morelli et al.,
012). IL-12 appears to be essential for the immunogenic-

ty of ISCOMs. Early studies suggested that ISCOMS prime
ntigen-specific immune responses activating, at least in
art, IL-12-dependent aspects of the innate immune sys-
em (Robson et al., 2003; Smith et al., 1999). This cytokine
ridges the innate and adaptive arms of the immune system
nd promotes cellular immunity stimulating IFN-� produc-
ion by cells involved in innate immune responses as well
s proliferation and cytolytic activity of natural killer and

 cells (Del Vecchio et al., 2007). Only animals in Lys + Rec
roup showed significant increases in IL-17A expression
elative to controls. It was suggested that IL-17 can play a
rotective role in bovine mastitis, since an up-regulation
f IL-17 mRNA levels in milk leukocytes from cows suf-
ering from S. aureus IMI  has been reported (Riollet et al.,
006; Tao and Mallard, 2007). In vitro stimulation of mam-
ary epithelial cells with recombinant bovine IL-17, or

L-17 in combination with TNF-�, resulted in up-regulation
f a number of genes related to innate immune defences,
roviding evidence of a functional IL-17A receptor in these
ells (Riollet et al., 2006; Bougarn et al., 2011). Although
here are no previous reports about cytokine expression
inetics in heifers vaccinated with S. aureus formulations
nd that cytokine expression was evaluated at a single time

oint in this study, a tendency to a higher stimulation of
ro-inflammatory cytokines as IL-12 and IL-17A and a reg-
latory one as IL-10 was observed in the Lys + Rec group.
omplementary assays in vivo and in vitro are needed to
d Immunopathology 162 (2014) 96–107 105

delineate potential mechanisms activated by these formu-
lations.

One of the main goals of S. aureus mastitis vaccination is
prevention of new IMI  in order to reduce contagious spread
(Middleton, 2008). In the present study, one heifer in each
control and Lys groups, developed S. aureus IMI  with iso-
lates that showed different capsular genotype and PFGE
patterns. In contrast, none of the animals in Lys + Rec group
developed S. aureus IMI  in natural exposure conditions.
Evaluation of the vaccine efficacy to prevent S. aureus IMI
was beyond the scope of this study. Although is tempting to
speculate that the multicomponent formulation can exert
a protective effect, experimental challenge and field trials
are granted to characterize immune response of vaccinated
heifers and to evaluate the efficacy of the formulation to
prevent new S. aureus IMI.

In conclusion, incorporation of defined antigenic
molecules to a S. aureus lysate formulation adjuvanted with
Iscom Matrix strengthened specific antibodies production
which was  efficient in neutralizing S. aureus virulence
factors in vitro and was associated with expression of
regulatory and pro-inflammatory cytokines, placing them
as potential candidates to be included in a formulation
directed to prevent bovine mastitis.

Acknowledgements

The authors express their appreciation to Dr. R. Galarza,
Mr.  O. Warnke and Mr.  M.  Marín for field technical assis-
tance and to Dr. M.  Signorini, Dr. M.S. Barbagelata and Dr.
A. Puebla for technical assistance. This work was supported
by Argentine National Agency for the Promotion of Sci-
ence and Technology (PICT 1175), INTA AESA 52:203992
and Asociación Cooperadora de INTA Rafaela.

References

Aarestrup, F.M., Larsen, H.D., Eriksen, N.H., Elsberg, C.S., Jensen, N.E., 1999.
Frequency of alpha- and beta-haemolysin in Staphylococcus aureus of
bovine and human origin. A comparison between pheno- and geno-
type and variation in phenotypic expression. APMIS 107, 425–430.

Aguirre, S., Silver, A., Brito, M.E.F., Ribone, M.E., Lagier, C.M., Marcipar, I.S.,
2006. Design, construction, and evaluation of a specific chimeric anti-
gen to diagnose chagasic infection. J Clin. Microbiol. 44, 1043–1046.

Almeida, R.A., Matthews, K.R., Cifrian, E., Guidry, A.J., Oliver, S.P., 1996.
Staphylococcus aureus invasion of bovine mammary epithelial cells. J.
Dairy Sci. 79, 1021–1026.

Babiuk, L.A., Pontarollo, R., Babiuk, S., Loehr, B., van DrunenLittel-van den
Hurk, S., 2003. Induction of immune responses by DNA vaccines in
large animals. Vaccine 21, 649–658.

Barbagelata, M.S., Alvarez, L.P., Dotto, C.M., Lattar, S.M., Sordelli, D.O.,
Buzzola, F.R., 2012. Aromatic compound-dependent Staphylococcus
aureus is safe in a nasal colonization leukopenic murine model. Int.
J.  Microbiol. 2012, 468–539.

Barrio, M.B., Rainard, P., Gilbert, F.B., Poutrel, B., 2003. Assessment of
the opsonic activity of purified bovine sIgA following intramammary
immunization of cows with Staphylococcus aureus. J. Dairy Sci. 86,
2884–2894.

Bougarn, S., Cunha, P., Gilbert, F.B., Harmache, A., Foucras, G., Rainard, P.,
2011. Staphylococcal-associated molecular patterns enhance expres-
sion of immune defense genes induced by IL-17 in mammary
epithelial cells. Cytokine 56, 749–759.
Burton, J.L., Erskine, R.J., 2003. Immunity and mastitis. Some new ideas for
an  old disease. Vet. Clin. Food Anim. 19, 1–45.

Caffin, J.P., Poutrel, B., 1988. Physiological and pathological factors influ-
encing bovine immunoglobulin G2 concentration in milk. J. Dairy Sci.
71, 2035–2043.

http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0005
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0010
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0015
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0020
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0025
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0030
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0035
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0040
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0045


ology an
106 C.M. Camussone et al. / Veterinary Immun

Calvinho, L.F., Donnelly, W.J., Dodd, K., 1993. Effect of partially purified
Staphylococcus aureus beta-haemolysin on the mammary gland of the
mouse. J. Vet. Med. B 40, 559–568.

Camussone, C., Rejf, P., Pujato, N., Schwab, A., Marcipar, I., Calvinho, L.F.,
2012. Genotypic and phenotypic detection of capsular polysaccha-
rides in Staphylococcus aureus isolated from bovine intramammary
infections in Argentina. Braz. J. Microbiol. 43, 1010–1014.

Camussone, C.M., Veaute, C.M., Porporatto, C., Morein, B., Marcipar, I.S.,
Calvinho, L.F., 2013. Immune response of heifers against a Staphylo-
coccus aureus CP5 whole cell vaccine formulated with ISCOMATRIXTM

adjuvant. J. Dairy Res. 80, 72–80.
Camussone, C.M., Veaute, C.M., Pujato, N., Morein, B., Marcipar, I.S., Calv-

inho, L.F., 2014. Immune response of heifers against a Staphylococcus
aureus CP5 whole cell and lysate vaccine formulated with Iscom
Matrix adjuvant. Res. Vet. Sci. 96, 86–94.

Castagliuolo, I., Piccinini, R., Beggiao, E., Palú, G., Mengoli, C., Ditadi,
F.,  Vicenzoni, G., Zecconi, A., 2006. Mucosal genetic immunization
against four adhesins protects against Staphylococcus aureus induced
mastitis in mice. Vaccine 24, 4393–4402.

Del Vecchio, M.,  Bajetta, E., Canova, S., Lotze, M.T., Wesa, A., Parmiani, G.,
Anichini, A., 2007. Interleukin-12: biological properties and clinical
application. Clin. Cancer Res. 13, 4677–4685.

Dziewanowska, K., Patti, J.M., Deobald, C.F., Bayles, K.W., Trumble, W.R.,
Bohach, G.A., 1999. Fibronectin-binding protein and host cell tyro-
sine kinase are required for internalization of Staphylococcus aureus
by epithelial cells. Infect. Immun. 67, 4673–4678.

Federation of Animal Sciences Societies (FASS), 1999. Guide for the Care
and  Use of Agricultural Animals in Agricultural Research and Teaching.
Federation of Animal Sciences Societies (FASS), Champaign, Illinois,
USA, pp. 129, First Revised Edition.

Foster, T.J., Geoghegan, J.A., Ganesh, V.K., Höök, M.,  2014. Adhesion, inva-
sion and evasion: the many functions of the surface proteins of
Staphylococcus aureus. Nat. Rev. Microbiol. 12, 49–62.

Fowler, T., Wann, E.R., Joh, D., Johansson, S., Foster, T.J., Höök, M.,  2000. Cel-
lular invasion by Staphylococcus aureus involves a fibronectin bridge
between the bacterial fibronectin-binding MSCRAMMs  and host cell
beta1 integrins. Eur. J. Cell Biol. 79, 672–679.

Gómez, M.I., Sordelli, D.O., Buzzola, F.R., García, V.E., 2002. Induction of
cell-mediated immunity to Staphylococcus aureus in the mouse mam-
mary gland by local immunization with a live attenuated mutant.
Infect. Immun. 70, 4254–4260.

Guidry, A.J., O’Brien, C.N., Oliver, S.P., Dowlen, H.H., Douglass, L.W.,
1994. Effect of whole Staphylococcus aureus and mode of immuniza-
tion on bovine opsonizing antibodies to capsule. J. Dairy Sci. 77,
2965–2974.

Guidry, A.J., Oliver, S.P., Squiggins, K.E., Erbe, E.F., Dowlen, H.H., Ham-
bleton, C.N., Berning, L.M., 1991. Effect of anticapsular antibodies
on  neutrophil phagocytosis of Staphylococcus aureus.  J. Dairy Sci. 74,
3360–3369.

Hair, P.S., Echague, C.G., Sholl, A.M., Watkins, J.A., Geoghegan, J.A., Foster,
T.J., Cunnion, K.M., 2010. Clumping factor A interaction with com-
plement factor I increases C3b cleavage on the bacterial surface of
Staphylococcus aureus and decreases complement-mediated phago-
cytosis. Infect. Immun 78, 1717–1727.

Hawiger, J., Timmons, S., Strong, D.D., Cottrell, C.A., Riley, M., Doolittle,
R.F., 1982. Identification of a region of human fibrinogen interacting
with staphylococcal clumping factor. Biochemistry 21, 1407–1413.

Higgins, J., Loughman, A., van Kessel, K.P., van Strijp, J.A., Foster, T.J.,
2006. Clumping factor A of Staphylococcus aureus inhibits phagocy-
tosis by human polymorphonuclear leucocytes. FEMS Microbiol. Lett.
258, 290–296.

Huseby, M.,  Shi, K., Brown, C.K., Digre, J., Mengistu, F., Seo, K.S., Bohach,
G.A., Schlievert, P.M., Ohlendorf, D.H., Earhart, C.A., 2007. Structure
and biological activities of beta toxin from Staphylococcus aureus. J.
Bacteriol. 189, 8719–8726.

Huynh, H.T., Robitaille, G., Turner, J.D., 1991. Establishment of bovine
mammary epithelial cells (MAC-T): an in vitro model for bovine lac-
tation. Exp. Cell Res. 197, 191–199.

Hwang, C.Y., Pak, S.I., Han, H.R., 2000. Effects of autogenous toxoid bacterin
in  lactating cows with Staphylococcus aureus subclinical mastitis. J. Vet.
Med. Sci. 62, 875–880.

Ismail, A.E., (Theses, dissertations, & Student Research) 2012. Purification
of fibrinogen from human plasma. In: Chemical & Biomolecular Engi-
neering., pp. 13 http://digitalcommons.unl.edu/chemengtheses/13
Kubo, M., Motomura, Y., 2012. Transcriptional regulation of the anti-
inflammatory cytokine IL-10 in acquired immune cells. Front.
Immunol. 3, 275.

Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly
of  the head of bacteriophage T4. Nature 227, 680–685.
d Immunopathology 162 (2014) 96–107

Lammers, A., Nuijten, P.J., Smith, H.E., 1999. The fibronectin binding
proteins of Staphylococcus aureus are required for adhesion to and
invasion of bovine mammary gland cells. FEMS Microbiol. Lett. 180,
103–109.

Leitner, G., Lubashevsky, E., Glickman, A., Winkler, M., Saran, A., Trainin, Z.,
2003a. Development of a Staphylococcus aureus vaccine against mas-
titis in dairy cows. I. Challenge trials. Vet. Immunol. Immunopathol.
93, 31–38.

Leitner, G., Yadlin, N., Lubashevsy, E., Ezra, E., Glickman, A., Chaffer, M.,
Winkler, M.,  Saran, A., Trainin, Z., 2003b. Development of a Staphylo-
coccus aureus vaccine against mastitis in dairy cows. II. Field trial. Vet.
Immunol. Immunopathol. 93, 153–158.

Luby, C.D., Middleton, J.R., Ma,  J., Rinehart, C.L., Bucklin, S., Kohler, C., Tyler,
J.W.,  2007. Characterization of the antibody isotype response in serum
and  milk of heifers vaccinated with a Staphylococcus aureus bacterin
(LysiginTM). J. Dairy Res. 74, 239–246.

Maeda, Y., Ohtsuka, H., Tomioka, M.,  Oikawa, M.,  2013. Effect of pro-
gesterone on Th1/Th2/Th17 and regulatory T cell-related genes in
peripheral blood mononuclear cells during pregnancy in cows. Vet.
Res.  Commun. 37, 43–49.

Marshall, M.J., Bohach, G.A., Boehm, D.F., 2000. Characterization of Staphy-
lococcus aureus beta-toxin induced leukotoxicity. J. Nat. Toxins 9,
125–138.

Martineau, F., Picard, F.J., Roy, P.H., Ouellette, M.,  Bergeron, M.G., 1998.
Species-specific and ubiquitous-DNA-based assays for rapid identifi-
cation of Staphylococcus aureus. J. Clin. Microbiol. 36, 618–623.

Middleton, J.R., Luby, C.D., Scott Adams, D., 2009. Efficacy of vaccination
against staphylococcal mastitis: a review and new data. Vet. Microbiol.
1, 2192–2198.

Middleton, J.R., Ma,  J., Rinehart, C.L., Taylor, V.N., Luby, C.D., Steevens, B.J.,
2006. Efficacy of different LysiginTM formulations in the prevention
of Staphylococcus aureus intramammary infection in dairy heifers. J.
Dairy Res. 73, 10–19.

Middleton, J.R., 2008. Staphylococcus aureus antigens and challenges in
vaccine development. Expert Rev. Vaccines 7, 805–815.

Morelli, A.B., Becher, D., Koernig, S., Silva, A., Drane, D., Maraskovsky,
E.,  2012. ISCOMATRIX: a novel adjuvant for use in prophylactic and
therapeutic vaccines against infectious diseases. J. Med. Microbiol. 61,
935–943.

Nelson, L., Flock, J.I., Höök, M., Lindberg, M.,  Müller, H.P., Wädstrom, T.,
1991. Adhesins in staphylococcal mastitis as vaccine components.
Flem. Vet. J. 62, 111–115.

Nickerson, S.C., Owens, W.E., Boddie, R.L., 1993. Effect of a Staphy-
lococcus aureus bacterin on serum antibody, new infection, and
mammary histology in nonlactating dairy cows. J. Dairy Sci. 76,
1290–1297.

Nordhaug, M.L., Nesse, L.L., Norcross, N.L., Gudding, R., 1994a. A field trial
with an experimental vaccine against Staphylococcus aureus mastitis
in cattle. 1. Clinical parameters. J. Dairy Sci. 77, 1267–1275.

Nordhaug, M.L., Nesse, L.L., Norcross, N.L., Gudding, R., 1994b. A field trial
with an experimental vaccine against Staphylococcus aureus mastitis
in cattle. 2. Antibody response. J. Dairy Sci. 77, 1276–1284.

Nour El-Din, A.N., Shkreta, L., Talbot, B.G., Diarra, M.S., Lacasse, P., 2006.
DNA immunization of dairy cows with the clumping factor A of Staphy-
lococcus aureus. Vaccine 24, 1997–2006.

O’Brien, C.N., Guidry, A.J., Douglass, L.W., Westhoff, D.C., 2001.
Immunization with Staphylococcus aureus lysate incorporated into
microspheres. J. Dairy Sci. 84, 1791–1799.

Oliver, S.P., Gonzalez, R.N., Hogan, J.S., Jayarao, B.M., Owens, W.E., 2004.
Microbiological Procedures for the Diagnosis of Bovine Udder Infec-
tion and Determination of Milk Quality, 4th ed. National Mastitis
Council, Verona, Wisconsin, USA.

Paape, M.J., Bannerman, D.D., Zhao, X., Lee, J.W., 2003. The bovine neu-
trophil: structure and function in blood and milk. Vet. Res. 34,
597–627.

Pavel, A.B., Vasile, C.I., 2012. PyElph – a software tool for gel images anal-
ysis and phylogenetics. BMC  Bioinform. 13, 13–19.

Pereira, U.P., Oliveira, D.G.S., Mesquita, L.R., Costa, G.M., Pereira, L.J., 2011.
Efficacy of Staphylococcus aureus vaccines for bovine mastitis: a sys-
tematic review. Vet. Microbiol. 148, 117–124.

Pfaffl, M.W.,  Horgan, G.W., Dempfle, L., 2002. Relative expression soft-
ware tool (REST) for group-wise comparison and statistical analysis
of  relative expression results in real-time PCR. Nucleic Acids Res. 30,
e36.
Proctor, R.A., 2012. Challenges for a universal Staphylococcus aureus vac-
cine. Clin. Infect. Dis. 54, 1179–1186.

Riollet, C., Mutuel, D., Duonor-Cérutti, M.,  Rainard, P., 2006. Determina-
tion and characterization of bovine interleukin-17 cDNA. J. Interferon
Cytokine Res. 26, 141149.

http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0050
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0055
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0060
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0065
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0070
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0075
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0080
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0085
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0090
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0095
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0100
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0105
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0110
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0500
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0115
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0120
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0125
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0130
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0135
http://digitalcommons.unl.edu/chemengtheses/13
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0145
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0150
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0155
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0160
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0165
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0170
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0175
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0180
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0185
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0190
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0195
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0200
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0205
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0210
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0215
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0220
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0225
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0230
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0235
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0240
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0245
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0250
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0255
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0260
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0265
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0270


ology an

R

S

S

S

S

S

S

C.M. Camussone et al. / Veterinary Immun

obson, N.C., Beacock-Sharp, H., Donachie, A.M., Mowat, A.M., 2003. The
role of antigen-presenting cells and interleukin-12 in the priming
of  antigen specific CD4 + T cells by immune stimulating complexes.
Immunology 110, 95–104.

chennings, T., Heimdahl, A., Coster, K., Flock, J.I., 1993. Immunization
with fibronectin-binding protein from Staphylococcus aureus pro-
tects against experimental endocarditis in rats. Microb. Pathog. 15,
227–236.

chukken, Y.H., Bronzo, V., Locatelli, C., Pollera, C., Rota, N., Casula, A.,
Testa, F., Scaccabarozzi, L., March, R., Zalduendo, D., Guix, R., Moroni, P.,
2014. Efficacy of vaccination on Staphylococcus aureus and coagulase-
negative staphylococci intramammary infection dynamics in 2 dairy
herds. J. Dairy Sci. 97, 5250–5264.

hkreta, L., Talbot, B.G., Diarra, M.S., Lacasse, P., 2004. Immune
responses to a DNA/protein vaccination strategy against Staphy-
lococcus aureus induced mastitis in dairy cows. Vaccine 23,
114–126.

hompole, S., Henon, K.T., Liou, L.E., Dziewanowska, K., Bohach, G.A.,
Bayles, K.W., 2003. Biphasic intracellular expression of Staphylococ-
cus  aureus virulence factors and evidence for Agr-mediated diffusion
sensing. Mol. Microbiol. 49, 919–927.
iemsen, D.W., Schepetkin, I.A., Kirpotina, L.N., Lei, B., Quinn, M.T., 2007.
Neutrophil isolation from nonhuman species. Methods Mol. Biol. 412,
21–34.

inha, B., Fraunholz, M.,  2010. Staphylococcus aureus host cell invasion and
post-invasion events. Int. J. Med. Microbiol. 300, 170–175.
d Immunopathology 162 (2014) 96–107 107

Smith, K.L., Hogan, J.S., Todhunter, D.A., 1990. A method for estimating
confidence in the microbiological diagnosis of intramammary infec-
tion. Proc. Natl. Mastitis Council 29, 76–79.

Smith, R.E., Donachie, A.M., Grdic, D., Lycke, N., Mowat, A.M., 1999.
Immune-stimulating complexes induce an IL-12-dependent cascade
of  innate immune responses. J. Immunol. 162, 5536–5546.

Sordillo, L.M., Streicher, K.L., 2002. Mammary gland immunity and mastitis
susceptibility. J. Mammary Gland Biol. Neoplasia 7, 135–146.

Tao, W.,  Mallard, B., 2007. Differentially expressed genes associated
with Staphylococcus aureus mastitis of Canadian Holstein cows. Vet.
Immunol. Immunopathol. 15, 201–211.

Wadström, T., Möllby, R., 1971. Studies on extracellular proteins
from Staphylococcus aureus. VI. Production and purification of �-
haemolysin in large scale. Biochim. Biophys. Acta 242, 288–307.

Watson, D.L., 1992. Vaccination against experimental staphylococcal mas-
titis in dairy heifers. Res. Vet. Sci. 53, 346–353.

Weingart, C.L., Broitman-Maduro, G., Dean, G., Newman, S., Peppler, M.,
Weiss, A.A., 1999. Fluorescent labels influence phagocytosis of Borde-
tella pertussis by human neutrophils. Infect. Immun. 67, 4264–4267.

Zecconi, A., Calvinho, L.F., Fox, K.L., 2006. Staphylococcus aureus Intramam-
mary Infections. IDF Bull. 408, 1–36.
Zetterlund, A., Larsson, P.H., Müller-Suur, C., Palmberg, L., Larsson, K., 1998.
Budesonide but not terbutaline decreases phagocytosis in alveolar
macrophages. Respir. Med. 92, 162–166.

Zhu, J., Yamane, H., Paul, W.E., 2010. Differentiation of effector CD4 T cell
populations. Annu. Rev. Immunol. 28, 445–489.

http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0275
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0280
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0285
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0290
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0295
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0300
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0305
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0310
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0315
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0320
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0325
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0330
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0335
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0340
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0345
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0350
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355
http://refhub.elsevier.com/S0165-2427(14)00229-3/sbref0355

	Immune response and functional role of antibodies raised in heifers against a Staphylococcus aureus CP5 lysate and recombi...
	1 Introduction
	2 Materials and methods
	2.1 Vaccine components
	2.2 Formulation of vaccines
	2.3 Animals and treatments
	2.4 Bacteriological examination
	2.5 Serological methods
	2.6 Neutrophil phagocytosis
	2.7 Mammary epithelial cells internalization assay
	2.8 Recognition and haemolytic activity inhibition of native β-toxin (nβ-toxin)
	2.9 Blocking assays
	2.10 Cytokine expression
	2.11 S. aureus isolates characterization
	2.12 Statistical analysis

	3 Results
	3.1 Antibody response in serum
	3.1.1 Antibody response to S. aureus lysate
	3.1.2 Antibody response to S. aureus virulence factors

	3.2 Antibody response in milk
	3.2.1 Antibody response to S. aureus lysate
	3.2.2 Antibody response to S. aureus virulence factors

	3.3 In vitro functional analysis of immune serum and whey
	3.3.1 Neutrophil phagocytosis
	3.3.2 Internalization by MAC-T cells
	3.3.3 Native β-toxin inhibition assays
	3.3.4 Blocking assays

	3.4 Cytokine expression
	3.5 Characterization of S. aureus isolated from natural IMI

	4 Discussion
	Acknowledgements
	References




