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Bovine mastitis produces economic losses, attributable to the decrease in milk production, reduced
milk quality, costs of treatment and replacement of animals. A successful prophylactic vaccine against
Staphylococcus aureus should elicit both humoral and cellular immune responses. In a previous report we
evaluated the effectiveness of a live vaccine to protect heifers against challenge with a virulent strain.
In the present study the immunological response of heifers after combined immunization schedule was
investigated. In a first experimental trial, heifers were vaccinated with 3 subcutaneous doses of avirulent
mutant S. aureus RC122 before calving and one intramammary dose (IMD) after calving. Antibodies con-
centration in blood, bactericidal effect of serum from vaccinated animals and lymphocyte proliferation
was determined. The levels of total IgG, IgG1 and IgG2 in colostrum and the lymphocyte proliferation
index were significantly higher in vaccinated respect to non-vaccinated group throughout the experi-
ment. The second trial, where animals were inoculated with different vaccination schedules, was carried
out to determine the effect of the IMD on the level of antibodies in blood and milk, cytokines (IL-13
and IFN-vy) concentration and milk’s SCC and bacteriology. The bacterial growth of the S. aureus strains
was totally inhibited at 1-3 x 10° and 1-3 x 103 cfu/ml, when the strains were mixed with pooled serum
diluted 1/40. The results shown that IMD has not a significant effect on the features determinate. In con-
clusion, a vaccination schedule involving three SC doses before calving would be enough to stimulate
antibodies production in milk without an IMD. Furthermore, the results showed a bactericidal effect of
serum from vaccinated animals and this provides further evidence about serum functionality. Immune
responses, humoral (antigen-specific antibodies and Th2 type cytokines) and cellular (T-lymphocyte pro-
liferation responses and Th1 type cytokines), were augmented by administration of the avirulent mutant
which represent an antigenic pool.
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1. Introduction

Bovine mastitis occurs when pathogenic bacteria are able to
enter to the udder, establish an infection there and produce inflam-
mation of udder secretory tissue [1,2]. This disease produces
economic losses that are attributable to the decrease in milk pro-
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duction, reduced milk quality, costs of treatment and replacement
of animals [3].

In Argentina, as in many other countries, Staphylococcus aureus
is still one of the major causes of clinical and subclinical mastitis,
especially due to resistance to antibiotic treatment and its ability
to persist in a herd in an undetected form [4-6].

Dry cow therapy is one of the recommended methods to cure
existing intramammary infections and to prevent new ones at the
peripartum period where, animals are most susceptible to new
infections [7,8]. These treatments are only partly successful because
of the intracellular biological face characteristic of S. aureus and


dx.doi.org/10.1016/j.vaccine.2016.05.014
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2016.05.014&domain=pdf
mailto:cbogni@exa.unrc.edu.ar
dx.doi.org/10.1016/j.vaccine.2016.05.014

M. Pellegrino et al. / Vaccine 34 (2016) 3356-3362 3357

because the maximum efficacy of antibiotic therapy is only 50%
[9,10]. Moreover, there is a global pressure to limit antibiotic ther-
apy in dairy cattle with the aim of reducing the incidence of drug
residues in milk to make safe food [11-13].

Numerous strategies have been developed in order to increase
the resistance of herd to S. aureus mastitis and to reduce the clinical
and economic consequences of this disease. Although vaccination
is a common practice for the control of many infectious diseases,
it is not yet a major prophylactic measure against bovine mas-
titis [14,15]. A successful prophylactic vaccine should elicit both
humoral and cellular immune responses in immunized individ-
uals. The potential of immunization to induce an effective immune
response is directly related to the titters of antigen-specific anti-
bodies and T-lymphocyte proliferation [8,16]. Specific and innate
immune factors associated with mammary gland tissues and secre-
tion also play a vital role in protecting the gland from infectious
disease [7]. During mastitis, CD4+ T lymphocytes prevail, are
activated in response to recognition of an antigen and activate
macrophages through the production of cytokines. Depending on
the repertoire of cytokines produced, the T helper cells were divided
in type Th1 or type Th2 [17,18]. Th1 clones were characterized
by the production of IFN-y and IL-2, whereas Th2 clones pro-
duced IL-4 [19,20], IL-5, IL-6, IL-10 and IL-13 [21]. Th1 cytokines
activate macrophages, which are responsible for cell mediated
immunity and phagocyte dependent protective responses such as
the production of opsonizing b-complement-fixing antibodies [22].
In contrast, Th2 cytokines are responsible for strong antibody pro-
duction and eosinophil activation as well as inhibition of several
macrophage functions, thus resulting in phagocyte-independent
protective responses [22-24].

The development of vaccines for protection against S. aureus
is of considerable interest in the milk production industry. While
some formulations have demonstrated promise in ameliorating the
disease, few S. aureus vaccines have adequately prevented new
infections [2,9,15,25,26]. The use of an attenuated vaccine could
enhance both cellular and humoral protective responses by sim-
ulating natural infection without causing the disease. Attenuated
vaccines may contain native antigens (proteins, polysaccharides,
lipids, nucleic acids, etc.) that are expressed for extended periods
of time [27].

In a previous report [27], we investigated the response of heifers
after combined immunization schedule (three subcutaneous doses
before calving and one intramammary dose (IMD) after calving)
with the avirulent mutant S. aureus vaccine. The results of this
study demonstrated that immunization of dairy heifers with the
strain S. aureus RC122 was able to elicit a specific and significant
opsonic antibody response in blood and milk and to provide pro-
tection by a significant reduction in post challenge milk bacterial
shedding. These results could be due to activation and proliferation
of blood memory cells previously stimulated. In order to demon-
strate this, we investigate the blood memory cell proliferation and
immunoglobulin isotype concentration in colostrum. The effect of
IMD was determined by evaluation of antibodies in blood, bacte-
ricidal effect of serum from vaccinated animals and by the type
of lymphocytes that proliferate through the quantification of IL-13
and IFN-vy in heifers immunized with different schemes.

2. Materials and methods
2.1. Experimental trial I
2.1.1. Animals, vaccine and immunization
Eleven clinically healthy Holtein heifers, free of antibodies for

S. aureus after specific serological testing, were randomly divided
into two groups. One group, the vaccinated group (VG) (n=8),

Table 1

Immunization schedule of heifers during trials I and II.
Treatment Subcutaneous Intramammary
(T)/no. of cows dose (SCD) dose (IMD)
T1/8* Yes Yes
T2/2 Yes No
T3/2 No Yes
T4/32 No No

3 Animals from experimental trial I.

was inoculated subcutaneously with three doses of vaccine prepa-
ration (subcutaneous dose, SCD) containing 5 x 108 cfu/ml of S.
aureus RC122, lyophilized and homogenized in phosphate-buffered
saline (PBS) pH 7.2 at the original concentration, as described by
Pellegrino et al. [25]. The first vaccine dose was administered to
14-16-month-old heifers immediately after they arrived to dairy
farm. Heifers were inseminated artificially approximately 30 days
after the first dose. The second dose was administrated 30 days
after pregnancy was diagnosed. Ten days before calving, a third
dose was administrated. Twenty days after calving, all quarters of
the vaccinated group were inoculated intramammarily with 1 ml
of 109 cfu of formol-killed avirulent mutant. The other group of
animals, non-vaccinated group (NVG) (n=3), was used as control.

2.2. Experimental trial Il

2.2.1. Animals and immunization

The level of antibodies on blood and milk after the intramam-
mary dose (IMD) was determined. Four additional clinically healthy
Holstein heifers were included to animal trial I and inoculated sub-
cutaneously or intramammarily as described in Table 1.

2.3. Blood sampling

For ELISA assay, blood samples were collected from heifers
immediately before the administration of each vaccine dose and
20,21 and 26 days after calving. Approximately 30 ml of blood were
obtained from the tail vein and placed into sterile tubes. Bacteri-
cidal assay was performed using 21 day pool serum. Samples were
maintained at room temperature, centrifuged at 1200 x g for 10 min
and blood sera was collected and stored at —20°C.

For lymphocyte proliferation assay, heparinized whole blood
samples were obtained from the jugular vein (approximately 30 ml)
immediately before the administration of each subcutaneous dose
of vaccine and 27 days after calving. To avoid blood coagulation,
syringes were rotated slowly and immediately processed in the lab-
oratory for the isolation of lymphocytes. An additional sample was
taken at day 27, after calving, for cytokines quantification.

2.4. Milk sampling and analysis

Heifers were milked daily at 12-h intervals and individual
milk samples collected aseptically 20 (immediately before the
administration of IMD), 21 and 26 days after calving. Colostrum
samples were collected 24-48 h after calving. Samples were col-
lected according to the National Mastitis Council procedure [28].
For ELISA assay, the serum obtained after centrifugation of whole
milk or colostrum at 3700 x g for 15 min was stored at —20°C.

Bacteriological assays were performed according to the crite-
ria of the National Mastitis Council [28]. The presence of bacterial
strains of the genus Staphylococcus was determined using 10 ! of
milk plated onto blood-agar (Tryptic Soy agar with 5% of sheep
blood) and incubated at 37°C for 24 h. The Gram-positive cocci
were characterized by standard biochemical tests [29].

The somatic cell count (SCC) was performed with a Somacount
300 (Bentley, USA, 1997), according to the revised protocol of the



3358 M. Pellegrino et al. / Vaccine 34 (2016) 3356-3362

148A method C, fluoro-opto-electronic, International Dairy Feder-
ation Laboratory (1995).

2.5. Detection of antibodies

The levels of specific antibodies (total IgG, I1gG; and IgG;) in
blood, milk and colostrum were determined by enzyme-linked
inmunosorbent assay (ELISA) as described by Pellegrino et al. [27].

2.6. In vitro bactericidal assay

In vitro evaluation of the bactericidal activity of bovine serum
from vaccinated animals was tested for three S. aureus strains:
S. aureus RC108 (virulent parental), S. aureus 101 (isolated from
clinical bovine mastitis) and S. aureus ATCC® 23925. Colonies of
each S. aureus strains were cultured in brain heart infusion broth
(BHI; Difco) for 18 hat 37 °C. Bacteria were harvested by centrifuga-
tion and suspended in saline solution and optical density (OD) was
recorded. The suspension was diluted in Mueller Hinton broth (MH,
Difco) containing different serum dilutions (1/2, 1/20, 1/40 and
1/80) into a final bacterial concentration of 1-3 x 108, 1-3 x 10°
and 1-3 x 103 cfu/ml. Aliquots of 100 wl, from each dilution, were
added by triplicate in 96-well microplates (Nunc-Immuno Plate
Maxi Sorb™), After incubation for 24 h at 37 °C, plates were read at
ODgoonm to determine bacterial growth inhibitions. For each dilu-
tion, the following wells were added: (1) bacteria without serum
(positive control), (2) serum without bacteria (negative control)
and (3) medium without bacteria and serum (negative control).

2.7. Lymphocyte proliferation assay

Lymphocytes from whole blood were obtained from control and
immunized animals. Briefly, blood was transferred into centrifuge
tubes prefilled with 5ml of Histopaque® 1077 (Sigma-Aldrich)
and centrifuged at 1000 x g for 30 min. The mononuclear cells
were removed and washed with 10ml of Completed Lympho-
cyte Medium (CLM) (RPMI-1640 supplemented with 10% bovine
fetal serum, 25 mM HEPES buffer, 2 mM 2-mercaptoethanol, 100
Ul/ml penicillin and 100 wg/ml streptomycin). Cells (2 x 10° cells
in 200 1 of CLM) were cultured in 96-wells round bottom plates
(Nunc-Immuno Plate Maxi Sorb™) in presence of the whole heat-
killed S. aureus RC122 strain (5 x 108 cfu/ml)in quintupled. Cultures
were made in CLM along (negative control) or containing 2 g of
concavalin A (Sigma-Aldrich)/ml (positive control) in quintuple
too. Plates were incubated for 2 days at 37°C in 5% CO,. After
incubation, 1 uCi of [methyl-H3] thymidine (NEN-Perkin Elmer
Life Sciences) was added per well and the plates were cultured
for other 24 h. Cells were harvested on glass-fiber filters (Glass
microfiber filters 934AH, Whatman, England) using a semiauto-
matic cell harvester (Skatron Micro 96S, England). Incorporation
of [methyl-H3] thymidine was measured in an automatic liquid
scintillation counter (Beckam LS 6000IC, USA). The proliferation
response was calculated as a stimulation index (SI), whereby the
average count per minute (CPM) for the five wells cultured with
the whole heat-killed S. aureus RC122 strain was divided by the
average CPM for the five wells cultured with CLM.

2.8. Cytokine quantification by enzyme-linked immunosorbent
assay

Culture supernatants obtained from the lymphocyte prolif-
eration assay were sampled after the first 48 h of incubation,
to quantify gamma interferon (IFN-v) and interleukin-13 (IL-13)
through enzyme-linked immunosorbent assay. The IFN-y concen-
tration in culture supernatants was determined using Bovine [FN-y
Screening Set (Thermo Scientific) according to the original pro-
tocol described by the manufacturer. The IL-13 concentration in

culture supernatants was determinate using the Bovine IL-13 ELISA
Kit (Bethyl Laboratories, Inc.) according to the original protocol
described by the manufacturer. For both cytokines, a standard curve
was made and IFN-vy and IL-13 concentrations in each sample were
determined by regression analysis. The sensitivity of the assays was
0.03125 ng/ml for IFN-y and 0.39 ng/ml for IL-13. This assay was
made with the objective of establishing the activation of different
subsets of lymphocyte T stimulated is produced by the vaccine. [FN-
v is produced principally by lymphocytes Th1 and IL-13 by helper
T lymphocytes of the Th2 phenotype (Trigona et al. [39]).

2.9. (Clinical observations and animal care

Clinical signs were monitored throughout the experiment by a
veterinarian. This was done after each vaccine inoculation (dur-
ing 48 h), and subsequently every time the cows were milked.
General attitude and appetite were observed. The udders were
palpated for soreness, swelling, hardness and heat, and the appear-
ance of milk was assessed visually for clots and changes in color
or composition every time the cows were milked. All animals
involved in this investigation were cared for in accordance with The
International Guiding Principles for Biomedical Research Involving
Animals (1985).

2.10. Statistical analysis

For SCC and antibody level, comparisons among treatments
were made at each time point, using the mixed model analysis of
variance (ANOVA) for repeated measurements (SAS Institute, Cary,
North Carolina, USA). A p-value < 0.05 was considered as indicative
of a statistically significant difference.

3. Results
3.1. Field trial I

3.1.1. Colostrum antibody determination

The levels of total IgG, IgG; and IgG; in colostrum were signifi-
cantly higher (p <0.05) in VG than in NVG (Fig. 1). With respect to
IgG isotypes present in cattle, similar kinetics curves were found
between the levels of IgG; and IgG,, compared to total IgG in both
conditions (VG and NVG).

3.2. Lymphocyte proliferation
After the lympho-proliferation assay was done, the correspond-

ing wells from each sample were observed at 24 h of incubation
to confirm the correct cell growth, the formation of clusters
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Fig. 1. Specific antibody levels of total IgG, IgG; and IgG; in colostrum from heifers
vaccinated with the strain S. aureus RC122 determined by ELISA. Colostrum sam-
ples were diluted 1/10. Data are expressed as mean = S.E. values of optical density
(OD) read at 405 nm. Significant differences between groups were considered with
a p<0.05 and are indicated by distinct letters.VG: vaccinated group, NVG: non-
vaccinated group.
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Fig. 2. Photomicrograph inverted microscope (40x ) of lymphocytes from vaccinated (A) and non-vaccinated (B) heifers, stimulated with S. aureus, strain RC122, and positive

control (C) stimulated with Concanavalin A (ConA).

(indicating proliferation) and the absence of contamination. Fig. 2
shows a confluent growth of homogeneous cells and the forma-
tion of clusters in lymphocyte isolates from VG, stimulated with
strain RC122 (Fig. 2A) and ConA-stimulated lymphocytes (positive
control) (Fig. 2C). No cluster formation was observed on samples
of lymphocytes isolated from NVG (Fig. 2B). This preliminary
microscopic observation allowed having a general idea about the
in vitro response of lymphocytes from vaccinated heifers, which
have been in contact with the same antigenic stimulus (S. aureus
RC122) by SC dose administration.

Fig. 3 shows the results obtained by analyzing blood samples
taken before administration of each SCD, until 27 days postpar-
tum. Before administration of D2 (day —240), there was a significant
increase (p <0.05) in SIin comparison to day —300 in the VG. Before
administration of D3 (10 days before calving), a great decrease in
lymphocyte proliferation was observed in VG. Twenty seven days
after calving, a similar SI was observed to that found after admin-
istration of the D2.

With respect to blood lymphocytes from NVG, no significant
differences (p >0.05) were found between SI at all times assayed.
The animals also showed considerably lower SI(p <0.05) than those
found for VG throughout the experiment.

3.3. Field trial Il

3.3.1. Level of antibodies in blood and milk
With the aim of determining the effect of IMD on antibody levels
in blood and milk, heifers were treated as described in Table 1.
Total IgG levels obtained from blood and milk before IMD (20d
after calving) and 21 and 26 days after calving are shown in Fig. 4.
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b b NVG
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Fig. 3. Stimulation index (SI) of blood lymphocytes isolated from vaccinated (VG)
and non-vaccinated groups (NVG) stimulated with the mutant strain of S. aureus
RC122. Differences between groups were considered significant at p<0.05 and are
indicated by distinct letters. D: dose, C: calving.

With respect to antibody levels in blood from T1 samples, no
significant (p >0.05) difference was observed in total IgG one day
after intramammary inoculation (Fig. 4A). At day 26 after calving,
there was an increase in total IgG level similar to those observed
before inoculation. On the other hand, in T2, no relevant decrease
on the level of antibodies was found at any assayed times (Fig. 4A).
No significant differences (p>0.05) were found in total IgG level
between T1 and T2 at days 20 and 26 after calving. T3 and T4 had a
total IgG level significantly lower (p <0.05) to that found for T1 and
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Fig. 4. Antigen specific immunoglobulin (Ig)G response in blood (A) and milk (B) as determined by enzyme-linked immunosorbent assay (ELISA). Samples were diluted 1/80
and 1/10 for blood and milk, respectively. Data are expressed as mean =+ S.E. of the optical density (OD) values read at 405 nm. Treatment with different letters at the same
time point are significantly different (p <0.05). SCD +IMD =Treatment 1, SCD =Treatment 2, IMD =Treatment 3 and Control =Treatment 4.
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Fig. 5. Mean serum concentrations (ng/ml) of (A) IL-13 and (B) IFN-y at 27d after calving. SCD +IMD =Treatment 1, SCD =Treatment 2, IMD =Treatment 3 and Con-
trol =Treatment 4. Data are expressed as mean =+ S.E. of ng/ml concentrations. Significant differences between treatments were considered with a p<0.05 and are indicated

by distinct letters.

T2. One day after IMD, a higher level of antibodies (p <0.05) was
observed in T3 respect to T4. Six days after IMD, in T3, the level of
total IgG decreased, similar values to those found in T4 (Fig. 4A). In
addition, total IgG levels were determined in milk samples (Fig. 4B).
No significant differences were found (p > 0.05) at any time between
T1 and T2. Even though no significant differences were observed
(p>0.05) between T3 and T4, total IgG levels for these treatments
were lower than those found for T1 and T2 (Fig. 4B).

3.4. Bactericidal assay

The intrinsic activity of bovine serum against S. aureus was
evaluated. This methodology was proposed as a complementary
assay in order to provide further evidence about the functionality
of serum. The bacterial growth of the S. aureus strains was totally
inhibited at 1-3 x 10° and 1-3 x 103 cfu/ml, when the strains were
mixed with pooled serum diluted at 1/2, 1/20 and 1/40. Serum
dilution of 1/80 delayed growth when this reaction mix was com-
pared to the positive control (bacteria alone). A concentration of
1-3 x 108 cfu/ml of each bacterial strain was not inhibited by serum
dilution of 1/80, but bacterial growth was lower compared to the
positive control.

3.5. Cytokine quantification

To establish whether subcutaneous immunization with the avir-
ulent mutant induced an adaptive response in heifers, production
of IFN-vy and IL-13 was determined as an indirect measurement of
different subsets of T cell (Th1 and Th2) activation. Levels of both, IL-
13 and IFN-vy, were significantly higher in blood samples of T1 and
T2 at levels (p <0.05) than in T3 and T4. For T3, only IL-13 concen-
tration was significantly higher (p <0.05) than T4 (control group)
(Fig. 5). No considerable differences were found between T1 and
T2 with respect to concentration of IL-13 and IFN-vy.

3.6. Milk sample analysis: SCC and bacteriology

The SCC from milk samples of inoculated udders (T1 and T3)
was 40 times higher, 24h after IM inoculation (T1=7.5 x 10%
to 4.0 x 106 cells/ml and T3=1.25x 10° to 4.25 x 10° cells/ml).
On T3, SCC reached a 2-fold increase at day 6 after inocula-
tion (T3=8.0 x 106 cells/ml). On the other hand, in T1, the SCC
decreased significantly six days after inoculation and reached a
value four times lower than that found one day after inoculation
(T1=1.0 x 106 cells/ml).

No bacteria identified as S. aureus were isolated from the milk
of animals during the experience.

4. Discussion

The application of immunomodulatory strategies for the control
of outbreaks of S. aureus mastitis in dairy herds during the calving
period is critical. It constitutes an alternative to antibiotic therapy,
which may lead to the entrance of antibiotic resistant bacteria into
the food chain. In a previous report, we evaluated the effectiveness
of a live vaccine to protect heifers against challenge with a virulent
strain [27]. In this study, the response of heifers after combined
immunization schedule (three subcutaneous doses before calving
and one intramammary dose after calving) was investigated. The
results demonstrated that immunization of dairy heifers with the
RC122 avirulent strain induce specific and significant opsonic anti-
body responses in blood and milk and provides protection through
a significant reduction of post challenge milk bacterial shedding.
Furthermore, a bactericidal effect of serum from vaccinated ani-
mals was observed and this provides further evidence about serum
functionality.

In our present study, the immunoglobulin isotype concentra-
tion in colostrum was first determined. Colostrum is the first milk
available in the mammary gland and is produced within the first
24 h after birth. Colostrum differs from the milk in that it contains
composition and levels of Igs, nutrients, vitamins and minerals,
higher than those found in milk [30]. At the VG, the level of IgG, in
colostrum was higher than IgG4, although this difference was not
significant. Similar results were observed in blood levels of IgG,
in an artificial challenge in heifers, where this isotype was pre-
dominant at calving [27]. With respect to milk, the results of this
trial are in agreement with those found in a previous report, where
VG animals had levels of total IgG significantly higher than those
found for NVG within 47 days postpartum [27]. These results allow
us to infer that 3 SC doses of vaccine administered before calv-
ing, cause an increase in the levels of the two principal isotypes
of IgG which are found in concentrations extremely low in normal
milk and colostrum. This piece of information is very revealing,
since IgG, is the major opsonic antibody in blood and milk and an
increase in their level stimulates phagocytosis by neutrophils and
could streamline the removal.

With respect to lymphocyte proliferation, in vitro studies have
shown that S. aureus is able to internalize itself within host cells
and survive in macrophages and in alveolar cells isolated from
chronically infected cows with mastitis [31,32]. Internalization
and survival of S. aureus could explain why the humoral immune
response alone is inefficient to combat the infection and why the
failure of antibiotic treatments to eliminate this pathogen is also
ineffective [33]. A vaccine which is able to awaken cellular immune
responses and opsonic antibodies could be a very effective tool
for the prevention of bovine mastitis. The results obtained in a
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previous challenge trial showed an increase of opsonic antibodies
in blood and milk at peripartum (time of increased susceptibility
to IM infections) and a less likelihood of infection in vaccinated
heifers compared to that obtained in unvaccinated heifers [27].
For this reason, it was interesting to determine the ability of
the vaccine to stimulate cellular immunity. The increase of the
proliferation of lymphocytes, observed before the administration
of D2 in VG, indicates that lymphocytes isolated from this group
proliferate to in vitro second exposure of the same antigen.
This property would be related to the ability of lymphocytes to
acquire immunological memory. A decrease in proliferation of
lymphocytes was observed 10 days before calving. This could be
related to hormonal changes and stress that occur in pregnancy
and calving. Glucocorticoids have been shown to cause a decrease
in blood T lymphocytes [8,34] and the changes in concentration
of progesterone, estradiol 17f3, and growth hormone modify some
essential functions of lymphocytes [35,36]. A proved advantage in
using live attenuated strains for the prevention of various diseases
is that they have the ability to induce both, humoral and cellular
immune responses by activating B and T cells and by allowing
the presentation of antigen for long terms [27,37]. These features
allow T lymphocytes from immunized animals to respond quickly
and effectively while being in contact with the same antigen, even
several months after vaccination. These findings may explain the
significant increase in the SI observed 26 days after calving.

With the aim of determining the effect of IM dose on the levels
of antibodies in blood and milk, four heifers were treated differ-
entially (Table 1). No considerable decrease was observed in total
IgG one day after IM inoculation in the level of antibodies in blood
from T1. This could be due to the passage of antibodies from blood
to milk in response to local stimulus caused by the inoculation of
inactivated bacteria in the udder. At day 26 after calving, there
was an increase in the total IgG level similar to those observed
before inoculation. This increase could be related to the activation
of antibody-producing B lymphocytes present in the lymph nodes.
A similar result was observed in the total IgG level in blood samples
obtained from heifers in a previous challenge trial reported [27]. On
the other hand, no significant differences were found in the total
IgG level between T1 and T2 at days 20 and 26 after calving. T3 and
T4 had a total IgG level significantly lower than that found at T1 and
T2. This effect could be due to a short-acting local stimulus caused
by IM inoculation with the inactivated RC122 strain in an animal
that had never been exposed to this antigen. In milk, no significant
differences were found at any times between T1 and T2 and the
antibody levels in T3 and T4 were lower than those found in T1 and
T2. The results obtained in the present study show that the IM dose
does not have a significant effect on blood and milk antibody levels.
This could be explained by the discovery of a decrease in total IgG in
blood. An increase in milk at day 21 was not significant compared
to T1 and T4. To establish whether immunization with the avirulent
mutant induced adaptive responses in cows, production of IFN-vy
and IL-13 was determined as an indirect measurement of activation
of different subsets of T cells (Th1 and Th2, respectively). The results
suggest that immunization with 3 SC doses before calving, induced
activation of Th1 and Th2 cell subsets in the mammary gland. Pre-
vious evidence suggests that IFN-y could elicit functional changes
in phagocytic cells of the mammary gland that could make it effec-
tive in the control of bovine mastitis [38]. In a previous report, we
observed that opsonization was enhanced after vaccination and the
phagocytosis was significantly higher in vaccinated animals with
respect to control animals [27]. IL-13 mediates its effects on sev-
eral immune cells including B lymphocytes, by stimulating their
proliferation and differentiation into antibody-producing plasma
cells [39]. This is in agreement with the antibody levels found in the
present work in blood, milk and colostrum of animals inoculated
with the RC122 strain. Riollet et al. [40] suggests that an orientation

toward a Th1-type response was induced by immunization with a
single staphylococcal component, such as a-hemolysin. Immuniza-
tion with the RC122 avirulent mutant induced high levels of both
IFN-v and IL-13, which agrees with the fact that multiple antigens
are involved in the adaptive response to a live attenuated vaccine.
This is supported by the early and exacerbated immune response
found in animals inoculated with SC and IM doses (T1). This could
be due to acquired immunity that is rapidly activated upon contact
with the antigens. This response could stimulate the production
of antibodies and increase the number of neutrophils in the mam-
mary gland, which would eliminate microorganisms rapidly. This
is shown by a marked decrease in the SCC and by a fast restoration
of udder health. Moreover, in those animals inoculated only with
IM dose (T3), the response was much slower and mainly mediated
by innate immunity. This could cause an increase in the number of
neutrophils in the mammary gland even after 6 days after inocula-
tion, in order to eliminate the inoculated microorganisms. In these
animals, which were not previously in contact with the antigen,
the response would be less efficient due to the absence of opsonic
antibodies which make more effective the neutrophil-mediated
phagocytosis. The results found in this study, where animals inocu-
lated with different vaccination schedules (T1, T2, T3 and T4) were
used, corroborate that IM dose (D4) has not a significant effect
on the increase of the level of antibodies in blood and milk. This
was demonstrated by a decrease in blood antibodies at day 1 after
IM inoculation (T1) and by non-significant increase in the level of
antibodies in milk between T1 and T2. It can be inferred that a vac-
cination schedule, involving three SC doses before calving, would
be enough to stimulate the production of antibodies in milk with-
out an IM dose that cause the passage of the antibodies from blood
into the udder. On the other hand, the results showed that immune
responses, whether humoral (antigen-specific antibodies and Th2
type cytokines) or cellular (T-lymphocyte proliferation responses
and Th1 type cytokines), were augmented by the administration of
the avirulent mutant which represents an antigenic pool.

References

[1] Fetrow ]. Mastitis: an economic consideration. In: Proc 29th Annu Meet Natl
Mastit Counc. 2000. p. 3-47.
[2] Bogni C, Odierno L, Raspanti C, Giraudo ], Larriestra A, Reinoso E, et al. War
against mastitis: current concepts on controlling bovine mastitis pathogens. In:
Méndez Vilas A, editor. Science against microbial pathogens: communicating
current research and technological advances. Spain: FORMATEX Inc; 2011. p.
483-94.
Whist AC, @steras O. Associations between somatic cell counts at calving or
prior to drying-off and clinical mastitis in the remaining or subsequent lacta-
tion. ] Dairy Res 2007;74:66-73.
Gill JJ, Pacan JC, Carson ME, Leslie KE, Griffiths MW, Sabour PM. Efficacy and
pharmacokinetics of bacteriophage therapy in treatment of subclinical Staphy-
lococcus aureus mastitis in lactating dairy cattle. Antimicrob Agents Chemother
2006;50:2912-8, http://dx.doi.org/10.1128/AAC.01630-05.
Vissio C, Dieser S, Raspanti C, Giraudo ], Bogni C, Odierno L, et al. Dairy herd
mastitis program in Argentina: farm clusters and effects on bulk milk somatic
cell counts. Pak Vet ] 2013;33:80-4.
Russi NB, Maito ], Dieser Sa, Renna MS, Signorini ML, Camussone C,
et al. Comparison of phenotypic tests for detecting penicillin G resistance
with presence of blaZ gene in Staphylococcus aureus isolated from bovine
intramammary infections. ] Dairy Res 2015;82:317-21, http://dx.doi.org/
10.1017/S0022029915000242.
Sordillo LM. Factors affecting mammary gland immunity and mastitis
susceptibility. Livest Prod Sci 2005;98:89-99, http://dx.doi.org/10.1016/
jlivprodsci.2005.10.017.

[8] Alnakip ME, Quintela-baluja M, Bohme K, Fernandez-no I, Caamafio-antelo S,
Calo-mata P, et al. The immunology of mammary gland of dairy ruminants
between healthy and inflammatory conditions. ] Vet Med 2014:2-31.

[9] McDougall S, Parker KI, Heuer C, Compton CWR. A review of prevention
and control of heifer mastitis via non-antibiotic strategies. Vet Microbiol
2009;134:177-85, http://dx.doi.org/10.1016/j.vetmic.2008.09.026.

[10] Pantoja JCF, Hulland C, Ruegg PL. Dynamics of somatic cell counts and intra-
mammary infections across the dry period. Prev Vet Med 2009;90:43-54,
http://dx.doi.org/10.1016/j.prevetmed.2009.03.012.

3

[4

[5

[6

17



http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0205
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0210
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0215
dx.doi.org/10.1128/AAC.01630-05
dx.doi.org/10.1128/AAC.01630-05
dx.doi.org/10.1128/AAC.01630-05
dx.doi.org/10.1128/AAC.01630-05
dx.doi.org/10.1128/AAC.01630-05
dx.doi.org/10.1128/AAC.01630-05
dx.doi.org/10.1128/AAC.01630-05
dx.doi.org/10.1128/AAC.01630-05
dx.doi.org/10.1128/AAC.01630-05
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0225
dx.doi.org/10.1017/S0022029915000242
dx.doi.org/10.1017/S0022029915000242
dx.doi.org/10.1017/S0022029915000242
dx.doi.org/10.1017/S0022029915000242
dx.doi.org/10.1017/S0022029915000242
dx.doi.org/10.1017/S0022029915000242
dx.doi.org/10.1017/S0022029915000242
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
dx.doi.org/10.1016/j.livprodsci.2005.10.017
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0240
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.vetmic.2008.09.026
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012
dx.doi.org/10.1016/j.prevetmed.2009.03.012

3362 M. Pellegrino et al. / Vaccine 34 (2016) 3356-3362

[11] Leitner G, Krifucks O, Kiran MD, Balaban N. Vaccine development for the pre-
vention of staphylococcal mastitis in dairy cows. Vet Inmunol Immunopathol
2011;142:25-35, http://dx.doi.org/10.1016/j.vetimm.2011.03.023.

[12] Frola ID, Pellegrino MS, Espeche MC, Giraudo Ja, Nader-Macias ME,
Bogni CI. Effects of intramammary inoculation of Lactobacillus per-
olens CRL1724 in lactating cows’ udders. J Dairy Res 2012;79:84-92,
http://dx.doi.org/10.1017/S0022029911000835.

[13] Fejzi¢ N, Begagi¢ M, Seri¢-harai¢ S, Smajlovi¢ M. Beta lactam antibiotics
residues in cow’s milk: comparison of efficacy of three screening tests used
in Bosnia and Herzegovina. Bosn ] Basic Med Sci 2014;14:155-9.

[14] Middleton JR, Luby CD, Adams DS. Efficacy of vaccination against staphy-
lococcal mastitis: a review and new data. Vet Microbiol 2009;134:192-8,
http://dx.doi.org/10.1016/j.vetmic.2008.09.053.

[15] Pereira UP, Oliveira DGS, Mesquita LR, Costa GM, Pereira LJ. Efficacy of Staphy-
lococcus aureus vaccines for bovine mastitis: a systematic review. Vet Microbiol
2011;148:117-24, http://dx.doi.org/10.1016/j.vetmic.2010.10.003.

[16] Sykes K. Progress in the development of genetic immunization. Expert Rev Vac
2008;7:1395-404.

[17] Brown W, Rice-Ficht AC, Estes DM. Bovine type 1 and type 2 responses.
Vet Immunol Immunopathol 1998;63:45-55, http://dx.doi.org/10.1016/
S0165-2427(98)00081-6.

[18] Wellnitz O, Bruckmaier RM. The innate immune response of the
bovine mammary gland to bacterial infection. Vet ] 2012;192:148-52,
http://dx.doi.org/10.1016/j.tvjl.2011.09.013.

[19] Mosmann TR, Cherwinski H, Bond MW, Giedlin Ma, Coffman RL. Two types
of murine helper T cell clone. I. Definition according to profiles of lym-
phokine activities and secreted proteins. ] Immunol 1986;136:2348-57,
http://dx.doi.org/10.1111/j.1442-9071.2011.02672.x.

[20] Cher D, Mosmann T. Two types of murine helper T cell clone. II. Delayed-type
hypersensitivity is mediated by TH1 clones. ] Immunol 1987;138:3688-94.

[21] Lucey D. Evolution of the type-1 (Th1)-type-2 (Th2) cytokine paradigm. Infect
Dis Clin North Am 1999;13:1-9.

[22] Romagnani S. Th1/Th2 cells. Inflamm Bowel Dis 1999;5:285-94.

[23] Riollet C, Rainard P, Poutrel B. Cells and cytokines in inflammatory secretions
of bovine mammary gland. Adv Exp Med Biol 2000;480:247-58.

[24] Oviedo-Boyso ], Valdez-Alarcén ], Cajero-Judrez M, Ochoa-Zarzosa A, Lépez-
Meza JE, Bravo-Patifio A, et al. Innate immune response of bovine mammary
gland to pathogenic bacteria responsible for mastitis. ] Infect 2007;54:399-409,
http://dx.doi.org/10.1016/].jinf.2006.06.010.

[25] Pellegrino M, Giraudo ], Raspanti C, Nagel R, Odierno L, Primo V, et al. Experi-
mental trial in heifers vaccinated with Staphylococcus aureus avirulent mutant
against bovine mastitis. Vet Microbiol 2008;127:186-90.

[26] Deb R, Kumar A, Chakraborty S, Verma AK, Tiwari R, Dhama K, et al.
Trends in diagnosis and control of bovine mastitis: a review. Pak ] Biol Sci
2013;16:1653-61, http://dx.doi.org/10.3923/pjbs.2013.1653.1661.

[27] Pellegrino M, GiraudoJ, Raspanti C, Odierno L, Bogni C. Efficacy of immunization
against bovine mastitis using a Staphylococcus aureus avirulent mutant vaccine.
Vaccine 2010;28:4523-8, http://dx.doi.org/10.1016/j.vaccine.2010.04.056.

[28] National Mastitis Council. Microbiological procedures for the diagnosis of
bovine udder infection and determination of milk quality. 4th ed. W. D. Hoard
and Sons Co; 2004.

[29] Bogni C, Segura M, Giraudo ], Giraudo a, Calzolari a, Nagel R. Avirulence and
immunogenicity in mice of a bovine mastitis Staphylococcus aureus mutant.
Can ] Vet Res 1998;62:293-8.

[30] Aldridge B, Garry F, Adams R. Role of colostral transfer in neonatal calf manage-
ment: failure of acquisition of passive immunity. Compend Contin Educ Pract
Vet 1992;14:265-70.

[31] Almeida R, Matthews K, Cifrian E, Guidry A, Oliver S. Staphylococcus aureus
invasion of bovine mammary epithelial cells. ] Dairy Sci 1996;79:1021-6.

[32] Hensen SM, Pavici¢ MJAMP, Lohuis JACM, Poutrel B. Use of bovine primary
mammary epithelial cells for the comparison of adherence and invasion ability
of Staphylococcus aureus strains. ] Dairy Sci 2000;83:418-29.

[33] Wei Z, Fu Y, Zhou E, Tian Y, Yao M, Li Y, et al. Effects of niacin
on Staphylococcus aureus internalization into bovine mammary epithelial
cells by modulating NF-kB activation. Microb Pathog 2014;71-72:62-7,
http://dx.doi.org/10.1016/j.micpath.2014.03.005.

[34] Burton JL, Kehrli MEJ. Effects of dexamethasone on bovine circulating T lym-
phocyte populations. ] Leukoc Biol 1996;59:90-9.

[35] Hoshino S, Wakita M, Kobayashi Y, Sakauchi R, Nishiguchi Y, Ozawa A, et al.
Variations in serum levels of insulin-like growth factor-1, growth hormone
and thyroid hormones during lactation in dairy cows. Comp Biochem Physiol
A Comp Physiol 1991;99:61-4.

[36] Burvenich C, Paape M], Hoeben D, Dosogne H, Massart-Leén AM, Blum J. Mod-
ulation of the inflammatory reaction and neutrophil defense of the bovine
lactating mammary gland by growth hormone. Domest Anim Endocrinol
1999;17:149-59.

[37] Buzzola FR, Barbagelata MS, Caccuri RL, Sordelli DO. Attenuation and
persistence of and ability to induce protective immunity to a Staphy-
lococcus aureus aroA mutant in mice. Infect Immun 2006;74:3498-506,
http://dx.doi.org/10.1128/IA.01507-05.

[38] Sordillo LM, Streicher KL. Mammary gland immunity and mastitis susceptibil-
ity. ] Mamm Gland Biol Neoplasia 2002:7.

[39] Trigona WL, Hirano A, Brown WC, Estes DM. Immunoregulatory roles of
Interleukin-13 in cattle. J Interf Cytokine Res 2004;19:1317-24.

[40] Riollet C, Rainard P, Poutrel B. Kinetics of cells and cytokines during
immune-mediated inflammation in the mammary gland of cows syste-
mically immunized with Staphylococcus aureus alpha-toxin. Inflamm Res
2000;49:486-96.



dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1016/j.vetimm.2011.03.023
dx.doi.org/10.1017/S0022029911000835
dx.doi.org/10.1017/S0022029911000835
dx.doi.org/10.1017/S0022029911000835
dx.doi.org/10.1017/S0022029911000835
dx.doi.org/10.1017/S0022029911000835
dx.doi.org/10.1017/S0022029911000835
dx.doi.org/10.1017/S0022029911000835
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0265
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2008.09.053
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
dx.doi.org/10.1016/j.vetmic.2010.10.003
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0280
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/S0165-2427(98)00081-6
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1016/j.tvjl.2011.09.013
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
dx.doi.org/10.1111/j.1442-9071.2011.02672.x
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0300
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0315
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
dx.doi.org/10.1016/j.jinf.2006.06.010
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0325
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.3923/pjbs.2013.1653.1661
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
dx.doi.org/10.1016/j.vaccine.2010.04.056
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0360
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
dx.doi.org/10.1016/j.micpath.2014.03.005
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0380
dx.doi.org/10.1128/IAI.01507-05
dx.doi.org/10.1128/IAI.01507-05
dx.doi.org/10.1128/IAI.01507-05
dx.doi.org/10.1128/IAI.01507-05
dx.doi.org/10.1128/IAI.01507-05
dx.doi.org/10.1128/IAI.01507-05
dx.doi.org/10.1128/IAI.01507-05
dx.doi.org/10.1128/IAI.01507-05
dx.doi.org/10.1128/IAI.01507-05
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30297-3/sbref0400

	Staphylococcus aureus avirulent mutant vaccine induces humoral and cellular immune responses on pregnant heifers
	1 Introduction
	2 Materials and methods
	2.1 Experimental trial I
	2.1.1 Animals, vaccine and immunization

	2.2 Experimental trial II
	2.2.1 Animals and immunization

	2.3 Blood sampling
	2.4 Milk sampling and analysis
	2.5 Detection of antibodies
	2.6 In vitro bactericidal assay
	2.7 Lymphocyte proliferation assay
	2.8 Cytokine quantification by enzyme-linked immunosorbent assay
	2.9 Clinical observations and animal care
	2.10 Statistical analysis

	3 Results
	3.1 Field trial I
	3.1.1 Colostrum antibody determination

	3.2 Lymphocyte proliferation
	3.3 Field trial II
	3.3.1 Level of antibodies in blood and milk

	3.4 Bactericidal assay
	3.5 Cytokine quantification
	3.6 Milk sample analysis: SCC and bacteriology

	4 Discussion
	References


