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The majority of lymphocytes activated at mucosal sites receive instructions to home back to the local
mucosa, but a portion also seed distal mucosa sites. By seeding distal sites with antigen-specific effector or
memory lymphocytes, the foundation is laid for the animal’s mucosal immune system to respond with a
secondary response should to this antigen be encountered at this site in the future. The common mucosal
immune system has been studied quite extensively in rodent models but less so in large animal models
such as the pig. Reasons for this paucity of reported induction of the common mucosal immune system in

Ig)g;/vords: this species may be that distal mucosal sites were examined but no induction was observed and therefore
Mucosal immunity it was not reported. However, we suspect that the majority of investigators simply did not sample distal
Pig mucosal sites and therefore there is little evidence of immune response induction in the literature. It is our
Humoral hope that more pig immunologists and infectious disease experts who perform mucosal immunizations
Cell-mediated or inoculations on pigs will sample distal mucosal sites and report their findings, whether results are
Vaccine positive or negative. In this review, we highlight papers that show that immunization/inoculation using

one route triggers mucosal immune system induction locally, systemically, and within at least one distal
mucosal site. Only by understanding whether immunizations at one site triggers immunity throughout
the common mucosal immune system can we rationally develop vaccines for the pig, and through these
works we can gather evidence about the mucosal immune system that may be extrapolated to other
livestock species or humans.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction routes, etc.) generally do not promote mucosal immunity and

therefore the animal’s immune system can only combat the

The mucosal-associated immune system (MALT) includes
the conjunctiva (conjunctiva-associated lymphoid tissue (CALT)),
lacrimal duct-ALT (LDALT), larynx-ALT (LALT), salivary duct-ALT
(SDALT), nasal-ALT (NALT), bronchus-ALT (BALT), gut-ALT (GALT)
and vaginal (VALT) (Gebert and Pabst, 1999). Although the com-
ponents of the MALT are anatomically and functionally distinct,
they share traits such as organized inductive sites where T cells
are presented antigen via antigen-presenting cells (APCs). As with
other animals, the majority of porcine pathogens gain entry into the
body through mucosal surfaces when ingested or inhaled from the
feed, the environment or from fecal contamination. Systemic vac-
cinations (through intramuscular, intraperitoneal, subcutaneous

* This article belongs to Non-rodent animal models.
* Corresponding author at: VIDO-InterVac, 120 Veterinary Road, University of
Saskatchewan, Saskatoon, Saskatchewan S7N 5E3, Canada. Tel.: +1 306 966 1537.
E-mail addresses: heather.wilson@usask.ca (H.L. Wilson),
milan.obradovic@usask.ca (M.R. Obradovic).
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pathogen after it has gained entry into the body (Mestecky, 1987;
Mestecky et al., 1978; Murtaugh, 2014). Thus, because mucosal
immunity has the potential to control pathogens at their point of
entry, it would be advantageous to develop vaccines that trigger a
strong mucosal and systemic immune response rather than simply
stimulating the systemic immune system.

For induction of a local mucosal immune response, in the gut
for example, antigen is taken up by intestinal DCs which migrate
to the mesenteric lymph node (mLN) and lead to antigen-specific
T and B lymphocytes activation (Annacker et al., 2005; Fujimoto
et al.,, 2011; Johansson-Lindbom et al., 2005; Schulz et al., 2009).
Upon activation, lymphocytes undergo proliferation and differen-
tiation and, in most mammals, these activated clonal lymphocytes
exit the mLN via the efferent lymph where they drain into the tho-
racic cavity and enter into the circulation. The pig has inverted
lymph nodes and therefore immigration into the lymph node tissue
takes place either by afferent lymph vessels or by high endothe-
lial venules (HEV) and they emigrate directly into the circulation
through HEV (Binns and Pabst, 1994; Rothkétter, 2009). Once in
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the circulation, the majority of activated lymphocytes home back
to site where the antigen was initially encountered (Kiyono and
Fukuyama, 2004; Kunisawa et al., 2008; Lefrancois et al., 1999;
Svensson et al., 2002).

DCs play a critical role in regulating expression of homing
molecules on the surface of activated lymphocytes (Johansson-
Lindbom et al., 2003; Stock et al., 2013). In the intestine, migratory
CD103 +CD11c+MHCII+ DCs produce retinoic acid (RA) which pro-
motes the expression of €437 and CCR9 on activated lymphocytes
in mice and humans (Campbell and Butcher, 2002; Johansson-
Lindbom et al., 2005, 2003; Mora et al., 2003, 2006; Stagg et al.,
2002; Stock et al., 2013; Yokota et al., 2009). The receptor for a437,
MadCAM, is highly enriched on the endothelium of the vascula-
ture supplying the small intestine such that lymphocytes bearing
47 undergo extravasation in these post-capillary venules (Berlin
etal., 1993). CCR9+lymphocytes in turn home to the small intestine
epithelial cells that constitutively express the CCR9+ ligand, CCL25
(Kunkel et al., 2000; Lazarus et al., 2003). Homing of IgA producing
B cells to diverse mucosal tissues appears to be mediated by CCR10
and the ligand CCL28 (Lazarus et al., 2003). In contrast, skin-derived
DCs imprint expression of P- and E-selectin ligands and CCR10
on activated lymphocytes (Campbell and Butcher, 2002; Campbell
etal., 2003; Schon et al., 1999). Lung DCs imprint the expression of
CCR4 on lymphocytes which promote homing to the lung (Mikhak
etal., 2013).Thus, the majority of activated lymphocytes home back
to the site of antigen uptake by the DC.

Importantly, a portion of activated lymphocytes seed mucosal
tissues outside the local mucosa which is tremendously valu-
able as distal mucosal sites may also encounter the pathogen (i.e.
the source of the antigen) in the future (Brandtzaeg et al., 1999;
Campbell et al., 2003; Kunkel and Butcher, 2003). Adoptive transfer
experiments in animals has shown that cells obtained from mucosal
tissues that have been donated to syngeneic animals preferentially
repopulate the recipient’s mucosal tissues which is compelling
evidence of a common mucosal immune system (Griscelli et al.,
1969; Hall et al., 1977; McDermott and Bienenstock, 1979; Weisz-
Carrington et al., 1979). This activation by antigen at a mucosal
inductive site which leads to effector and/or memory T and B cells
in distal mucosal sites is referred to as functional connectiveness
and is the basis for the common mucosal immune system (Kiyono
and Fukuyama, 2004; Kunisawa et al., 2008; McGhee et al., 1992)
(Table 1).

Due to the hostile environment of the gastrointestinal tract and
coupled with the propensity of the oral immune system to respond
with tolerance to oral antigens, it is a substantial challenge to
elicit protective mucosal immune responses in the gut using oral
immunizations (Faria et al., 2003; Faria and Weiner, 2005; Strobel
and Ferguson, 1985; Strobel and Mowat, 1998). Several physi-
cal barriers prevent antigen/pathogen contact with gut-associated
lymphoid tissues (GALT) and penetration of the gut wall such as
mucous production, peristaltic movement of the gut, secretion of
natural antibacterial substances such as lysozyme and host defense
peptides which protect the intestinal surface against bacterial pen-
etration, and the extreme pH environment of the stomach and
the protease rich environment of the small intestine which com-
promise the immunogenicity of ingested antigens (Medina and
Guzman, 2000; Pasetti et al., 2011). Also, antibodies or other com-
ponents in maternal colostrum/milk may interfere with antigen
uptake and/or function (Brandtzaeg, 2003; Snoeck et al., 2003).
Therefore, if one could design a vaccine to activate the common
mucosal immune system, it would be a tremendous advantage to
initiate mucosal immunity to oral antigens at respiratory or genital
mucosa where the activated lymphocytes would then migrate to
the oral mucosa to protect the gastrointestinal tract.

The majority of mucosal vaccines are comprised of replicat-
ing, attenuated pathogens which, although effective, have the

potential to revert to virulence (www.vetvac.org/index.php). In
a disease such as Porcine Respiratory and Reproductive Syn-
drome Virus (PRRSV), which is economically devastating to a pig
barn should an outbreak occur, live-attenuated vaccines are not
administered to seronegative herds. Even though it is unlikely
that the attenuated virus will revert to virulence, it is consid-
ered too great a risk to vaccinate proactively and therefore PRRSV
vaccines are administered to pigs in barns that have had an
outbreak, and thus these vaccines are not proactively admin-
istered (Botner et al., 1997; Hu and Zhang, 2014; Storgaard
et al, 1999). One may speculate that the reason why atten-
uated pathogens are so effective as mucosal vaccines may be
that in order to trigger an oral immune response instead of
tolerance, the pathogen must traverse the gut wall and/or pen-
etrate the epithelial cells lining the gut wall. However, some
researchers have shown that subunit vaccines formulated with
adjuvants such as cholera toxin (CT) can trigger mucosal immu-
nity in pigs, and some of these works are described within (Foss
and Murtaugh, 1999, 2000; Hyland et al., 2004; Verdonck et al.,
2005a,b).

For this review, we present manuscripts with evidence that vac-
cinations and/or inoculation of pigs at one mucosal site triggers a
measurable immune response within the local mucosa, within the
blood and within at least one distal mucosal immune site. For exam-
ple, research wherein pigs have been exposed to replicating but
attenuated virus via the intranasal route and which showed virus-
specific IgG or IgA antibody production or cell-mediated immune
responses within the respiratory mucosa (i.e. local mucosa), oral or
vaginal mucosa (distal mucosa) as well as in the blood (systemic
immune response) would meet our criteria for reporting. If only
a local mucosal immune site and/or serosal response is reported
(i.e.intranasal vaccination of piglets reporting antibody production
in the bronchoalveolar lavage fluid and/or blood only), the report
will not be included in this review. As such, we intend this review
to be a thorough examination of the literature that reports evi-
dence for induction of the common mucosal immune response in
pigs. We are aware, however, that our approach has several limita-
tions which we will now outline. First, intranasal immunizations
may indeed also be peroral if a portion of the vaccine is swal-
lowed. If this is the case, we cannot interpret evidence of antibodies
in the gut as truly an induction of a distal mucosal site because
the GALT was directly stimulated and therefore should be con-
sidered local mucosa. Unfortunately, it is impossible to discern
whether sufficient precautions were taken to ensure an exclu-
sively intranasal immunization in these reports and we can only
trust what was reported (i.e. that the route was intranasal). But
for this reason, we are more confident that the common mucosal
immune system was induced if any reports of intranasal immuniza-
tion also report immunity at a distal site other than the oral mucosal
immune system. Second, our approach will be to evaluate pro-
tection or immune response through induction of antigen-specific
IgG or IgA titers, the presence of antibody-secreting cells (ASCs)
and/or induction of antigen-specific cell-mediated immunity (such
as induction of IFNvy expression or lymphocyte proliferation), if
reported. Unfortunately, the majority of the manuscripts examined
here only report antibody production without correlation with the
presence of ASCs in that organ. We are thus aware that there is
the possibility that IgA and IgG antibodies may be in the blood
and transported to the distal mucosal site via receptors such as
pIgR or FcRn, respectively (Kaetzel et al., 1991; Raghavan et al.,
1993; Stirling et al., 2005). Thirdly, if the antigen is delivered as
part of a replicating bacteria, yeast, or virus, the possibility exists
that the pathogen/vector can disseminate (unless the pathogen has
a strict tissue-tropism) and/or the antigen is presented to distal
mucosal sites through the migration of activated DCs. A careful
examination of the types of DCs that may take up the antigen
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Table 1

Details of the vaccination/immunization regimen showing induction of the common mucosal immune responses from the highlighted literature.

Antigen

Age

Primary

Booster

Challenge

Immune response

Local mucosa/systemic

Distal mucosa

Reference

Crude rhoptry proteins
derived from T.
gondii plus Quil-A
adjuvant

TGEV

PRCV

6-8
week-old

11 days of
age

11 days of
age

Intranasal

Oral-
intranasal

Oral-
intranasal

Intranasal
vaccine 21
and 42

days later

Oral challenge with 103
oocysts (VEG strain) at day 49

Challenged with TGEV 24 days
after primary inoculation

Challenged with TGEV 24 days
after primary inoculation

-Lymphocytes from PBMCs

-1 proliferation in response to
rhoptry proteins,

-3/4 pigs had marginal IgG and
IgA-rhoptry specific antibody titers
in blood and were partially
protected from tissue cyst burden.
Prior to challenge:

-Piglets primed with TGEV were
protected, less nasal shedding.

-1 Lymphocyte proliferation in
MLN and gut but highest in BLN,
-1 IgA to IgG ASC ratios were
detected in the duodenum and
jejunum prior to challenge

After challenge:

-Piglets primed with TGEV

4 T cells in mLN and gut, lesser
extent in BLN and spleen

-1 but transient proliferation of
BLN cells

-Protected, no virus shedding in
nasal secretions,

-1 IgG and IgA ASC in BLN and
spleen, -IgA ASC in the gut lamina
propria of TGEV-primed pigs
correlated with protection against
TGEV challenge

Prior to challenge:

-No clinical signs of disease, virus
shedding in nasal secretions,

-1 Lymphocyte proliferation in
mLN and gut but highest in BLN
(lower than TGEV primed pigs)

-1 IgG ASC in BLNSs, limited number
in the ileum.

-Very few IgA ASC in duodenum
and jejunum with other sites
showing negligible 1gA ASCs.
After challenge:

5/12 pigs developed diarrhea,

-1 IgA ASC in BLN, spleen,
duodenum and jejunum

-Very few IgA ASC were detected in
the ileum and none were detected
in the mLN

-4 proliferative responses in BLN
after TGEV challenge which
correlated with protection against
nasal virus shedding

-Lymphocytes from mLNs showed
1 proliferation in response to
rhoptry proteins

-BLN, spleen, mLN and ileum
showed a 1 ratio of IgG to IgA ASC
with highest IgG titers in the BLN

-1 IgG ASC in the gut lamina
propria and mLN but not the BLN
(which already had 1 IgG ASC).

-PRCV-specific IgG ASC precursors
in BALT of PRCV-primed pigs
migrated to the gut in response to
TGEV challenge, contributing to
partial protection

da Cunha et al.
(2012)

Brim et al. (1995);
Vancott et al.
(1994)

Brim et al. (1995);
Vancott et al.
(1994)
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A. pleuropneumoniae
(APP)
(active or inactivated
by irradiation)

Bovine and simian
derived virus-like
particles
(bsVLP) £ mLT

Three doses of bsVLP+
or
Three doses of
bhVLP2+

4-month

old

Gnotobiotic
pigs, 3-5
days of age

Gnotobiotic
pigs, 3-5
days of age

Oral,

10" Active
or
inactivated
APP

Intranasal

Intranasal

Intranasal,

Two doses
bhVLPx2 + mLT
on days 10

and 20

Intranasal,
Two
additional
doses of
bsVLPx2 + mLT
on days 10
and 20

Aerosol challenge with 108
viable APP at week five

Oral challenge with 106
infectious dose (ID)so of
virulent Wa HRV on day 21.

Oral challenge with 106
infectious dose (ID)so of
virulent Wa HRV on day 21.

Post-challenge:

-bsVLP2x+ were not protected
against diarrhea

-No significantly enhanced
virus-neutralizing antibody titers
compared to the challenged
control pigs.

Prechallenge:

-1 ASC responses by the bsVLPx3+
regimen in systemic tissues
Post-challenge:-bsVLPx3+ or
bhVLPx3+ were not protected,
-No differences in titers and
duration of virus shedding

Post-challenge:

-1 IgA and IgG ASC titers in the
bhVLPx3+ pigs compared to
pre-challenge, except in the bone
marrow.

-1 IgA ASC titers in the bhVLPx3+
pigs duodenum and ileum, and

-1 1gG ASC titers in the spleen,
peripheral blood, and bone marrow

-Non-immunized pigs were Delventhal et al.
severely ill, massive pathology
after challenge

-limmunized with viable or
inactivated were clinically normal
-1 neutrophils and lymphocytes
into lung after oral immunization
-1 Plasma cells in BAL after oral
immunization with either viable or
non-viable bacteria

-1 total number of T cells

-1 IgA+ ASCs in BALs after
immunization with inactivated
bacteria

-1 IgG+ and IgM+ ASCs in pigs
orally immunized with viable or
nonviable APP

Prechallenge:

-bsVLPx2 +showed 1 IgM and IgG
ASC numbers in the ileum relative
to bsVLPx2

(1995)

Yuan et al. (2000)

Postchallenge:

-bsVLPx2+/- showed 1
antigen-specific IgM, IgA, and IgG
ASC in duodenum and ileum
Prechallenge:

-ASC responses induced by the
bsVLPx3+ regimen in intestinal
tissues was similar to 2 doses

Yuan et al. (2000)

-Pigs immunized with bhVLPx3+ ¢
IgG ASC but | IgA ASC in the
duodenum and ileum compared to
bsVLPx3+

Post-challenge:

-1 IgA and IgG ASC titers in the
bsVLPx3+ pigs compared to
pre-challenge, except in the
duodenum.

-1 IgA ASC titers in the bhVLPx3+
pigs duodenum and ileum, 4 mLN
1gG ASC

(1992); Pabst et al.
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Table 1 (Continued)

Antigen Age Primary Booster Challenge Immune response Reference
Local mucosa/systemic Distal mucosa
Oral prime:i.n. boost: Gnotobiotic Orally i.n. boosts At PID 28, challenged orally Oral AttHRV/bhVLP2+: Pre-challenge: Yuan et al. (2001)
=AttHRV/bhVLP2+ pigs, 3-5 inoculated with 2 with ~106 (ID)sq of virulent | virus shedding and diarrhea -Oral AttHRV/bhVLP2+ regimen 1
i.n. prime: oral boost: days of age with doses of Wa HRV indicating reduced severity of gut IgM, IgA and IgG ASC relative to
=bhVLP2+/AttHRV 5x 107 FFU bhVLP plus disease other groups
AttHRV mLT
i.n. bhVLP2+/AttHRV: Post-challenge:
i.n. vaccine Orally -Partial protection against clinical -Oral AttHRV/bhVLP2+ very
with 2 inoculated signs of disease effective in stimulating intestinal
doses of with -} duration of shedding and | peak IgA ASC responses
bhVLP plus 5 x 107 FFU titers compared to the mLT and
mLT AttHRV mock controls
Oral AttHRV/bhVLP2+:
-4 virus-neutralizing titers in the
serum relative to other groups
Soluble OVA with CpG Less than Oral gavage ip.- N/A -1 anti-OVA IgG and IgG1 titers in -1 anti-OVA IgA titers in BALF Pasternak, et al. (In
2395 plus 6h of age injected serum relative to control group, Press)
Polyphosphazene with 10 mg -Trend showing 1 serum anti-OVA
microparticle OVA plus IgM, IgA, 1gG, 1gG1 and IgG2 over
encapsulating IFA at 28 time relative to i.p. control group.
OVA+CpG 2395 days old
CT-B alone, CT-B linked 4-week old Gavage Repeat NA -1 serum IgG and IgA specific for -CT-fusion constructs Hyland et al. (2004)
to N-protein from directly gavage into CT-B, induced anti-CT-B IgA at the
PRRSV or Myc into stomach, -N-protein specific serum IgG in % reproductive tract and in oral
peptide stomach 2 x 10 days animals and IgA in % animals. saliva,
cavity apart -No antibodies could be
detected against N and myc
CT-B subunit+CT 5-6 weeks Gavage At N/A -1 serum anti-CT-B IgA and IgG -1 anti-CT-B salivary IgG titers Foss and Murtaugh
adjuvant, old directly 7-10-day titers -Modest tanti-CT-B salivary IgA (1999)
Or into intervals, -1 anti-CT-B IgA titers in jejunum titers
CT-B subunit +CT stomach repeat 2x -OVA-CTB plus CT, 1 serum
adjuvant conjugated more anti-OVA IgM.
to OVA -1 IgA, IgG and IgM ASC in jejunum,
-spleen showed 1 IgM with some
IgA and IgG ASC.
A. pleuropneumoniae 3-week old Oral (fed) Oral, 2x, Intranasal, -Lower clinical signs of disease -1 IgA anti-ApxIA and ApxIIA in the Shin et al. (2013)
antigens ApxIA and with 1.5 x 10° CFU of A. nasal washes relative to the pig fed
ApxIIA expressed by 1-week pleuropneumoniae serotype 5 vector alone and untreated pigs
replicating S. intervals Korean, 1 week after final
cerevisiae vaccination
E. rhusiopathiae 10 days Oral (fed), Fed same Intradermal, After oral challenge with -1 P97-specific IgG in BALF, but not Ogawa et al. (2009)
expressing the old, SPF 1.0 x 10" dose for a 5.0 x 104 CFU of E. E. rhusiopathiae, inoculated group IgA
C-terminal portion of CFU total of 7 rhusiopathiae Fujisawa strain, were protected from death and did
the P97 protein of M. days 10 days after the final day of not show any clinical signs of
hyponeumoniae vaccination infection
Then 4 weeks after the final
day of vaccination, pigs were -After intranasal challenge with M.
challenged intranasally with hyponeumoniae, inoculated group
1.0 x 108 CCU M. showed fewer lung lesions.
hyponeumoniae for 3
consecutive days
Live attenuated PRRSV 20-day old Intranasal Intranasal NA -4 virus-specific IgG2 to IgG1 titers -1 anti-PRRSV specific IgA in saliva, Zhang et al. (2007)
alone with 100 or booster 21 relative to piglets immunized with and feces
1000 p.g CpG ODN days later PRRSV alone

-1 anti-PRRSV-specific IgA in nasal
secretions
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from the local mucosa including their adhesion molecules (i.e.
whether they are specific for the nasal-broncho-respiratory tract,
digestive tract, etc.) could shed light on antigen migration. Thus,
the review will be divided into sections discussing manuscripts
which show direct evidence of induction of the common mucosal
immune system (i.e. ASC in distal sites and/or induction of cell-
mediated immunity) first then followed by manuscripts which
only show indirect evidence (i.e. antibody titers). Within these
categories, we will discuss non-replicating and replicating vac-
cines. Finally, please note that we will not include a discussion on
the mammary-entero link nor the influence of mammary secre-
tions on gut immune system; for a review on these subjects
we suggest the following excellent publications (Bourges et al.,
2007, 2008; Levast et al.,, 2014; Salmon, 2000; Salmon et al.,
2009).

2. Direct evidence of induction of the common mucosal
immune system

2.1. Non-replicating vaccines

2.1.1. Intranasal administration of rhoptry proteins from
Toxoplasma gondii in the presence of Quil-A followed by on oocyte
challenge via the oral route (da Cunha et al., 2012)

The parasite Toxoplasma gondii most commonly infects by the
oral route and can trigger oral toxoplasmosis. da Cunha et al.
(2012) immunized pigs intranasally with crude rhoptry proteins
of T. gondii plus Quil-A (an inexpensive, widely used veterinary
adjuvant), Quil-A alone, or saline (da Cunha et al., 2012). The
pigs were inoculated intranasally at days 0, 21, and 42 and then
orally challenged with 103 oocysts (VEG strain) at day 49. Imme-
diately prior to challenge, two pigs immunized with the rhoptry
proteins were euthanized and PBMCs and mLNs were harvested.
mLNs and PBMCs were stimulated with rhoptry proteins ex vivo
and mLN lymphocytes showed higher proliferation (a measure
of cell-mediated immunity) relative to PBMCs but because only
two pigs were euthanized, statistical analysis could not be per-
formed. The remaining animals were euthanized at day 94 which
was several weeks after challenge. From the vaccinated group,
three out of the remaining four pigs had marginal IgG and IgA-
rhoptry specific antibody titers in blood and they showed a partial
protection from tissue cyst burden. They conclude that intranasal
immunization with crude rhoptry proteins of T. gondii using Quil-
A adjuvant in pigs was able to stimulate the common mucosal
immune response and partially protect animals from brain cyst
formation after oral exposure to T. gondii oocytes (da Cunha et al.,
2012).

2.2. Replicating vaccines

2.2.1. Oro-nasal administration of attenuated Transmissible
Gastroenteritis Coronavirus (TGEV) and porcine respiratory
coronavirus followed by an oral TGEV challenge (Brim et al., 1995;
Saif, 1996; Vancott et al., 1994)

Transmissible Gastroenteritis Coronavirus (TGEV) is a porcine
coronavirus which, although it can infect the respiratory tract, pri-
marily replicates in the intestinal tract causing severe diarrhea,
dehydration and death (Brim et al., 1995; Saif et al., 1993). Porcine
respiratory coronavirus (PRCV) replicates almost exclusively in the
upper and lower respiratory tract of pigs and causes subclinical
or mild respiratory infections (Brim et al., 1995; O'Toole et al.,
1989; Pensaert et al., 1986; Saif, 1996; Stone et al., 1982). Pigs
were inoculated oral-nasally with TGEV or with PRCV at 11 days of
age and then piglets were challenged with TGEV by the oral route
on day 35 (24 days ppi) (Vancott et al.,, 1994). Piglets that were

oro-nasally exposed to TGEV developed diarrhea and shed virus
from rectum with lesser shedding in the nasal passages (Brim et al.,
1995; Vancott et al., 1994). These pigs were protected against clin-
ical signs of disease after challenge. In contrast piglets immunized
with PRCV showed no clinical signs of disease after primary immu-
nization and they shed virus in nasal secretions only suggesting
that PRCV replicated in the respiratory tract and not the gastroin-
testinal tract (Vancott et al., 1994). PRCV vaccinated animals were
only partially protected from TGEV challenge.

The effects of the T cell populations were assessed. Piglets
primed with TGEV responded to challenge with a striking increase
in the percentages of CD2+, CD4+ and (to a lesser extent CD8+) T
cells in mLN and duodenum and ileum (the major replicative sites
for TGEV) with a limited increase in the bronchial lymph nodes
(BLN) and spleen relative to the number of these cells found in age-
matched unexposed pigs (Brim et al., 1995). Proliferative responses
in mLN cells from PRCV-inoculated pigs were lower than those in
mLN cells from both primary and secondary TGEV-exposed pigs.
Despite the fact that the number of CD4+ T cells in the BLNs did
not appear to increase in the groups of pigs primed with TGEV
and PRCV, the magnitude of TGEV and PRCV-specific prolifera-
tion was highest in BLN cells in these groups immediately prior
to challenge. In the BLN of PRCV-inoculated pigs, the proliferative
responses generally remained high after TGEV challenge which cor-
related with protection against nasal virus shedding. In contrast,
BLN cells from TGEV-reinoculated pigs showed a significant but
transient decrease in proliferation that returned to a high level at
harvest and these pigs were protected against virus shedding in
nasal secretions after challenge. PRCV and TGEV-inoculated pigs
as well as TGEV-challenged pigs did not show significant lym-
phocyte proliferation in response to PRCV or TGEVin any of the
lamina propria cells purified from the duodenum, jejunum, and
ileumn.

When the humoral immune response was measured in pigs oro-
nasally primed with TGEV, BLN, spleen, mLN and ileum showed a
higher ratio of IgG to IgA ASCs with the highest IgG ASCs observed
in the BLN (Vancott et al., 1994). Higher IgA to IgG ASC ratios
were detected in the duodenum and jejunum prior to challenge
(Vancott et al., 1994). Measurement of ASCs showed that the BLN
and spleen had elevated IgA and IgG ASCs after challenge and the
presence of IgA ASCs in the gut lamina propria of TGEV-primed
pigs at the time of challenge correlated with complete protec-
tion against TGEV challenge (Vancott et al., 1994). The immune
response generated in piglets primed through the oro-nasal route
with PRCV was quite different from the response generated by
piglets primed with TGEV. PRCV-exposed pigs had mainly IgG ASCs
in BLNs with a limited number in the ileum. The duodenum and
jejunum showed a very small number of IgA ASCs whereas other
sites had virtually no IgA ASCs. After challenge with TGEV, five
of twelve PRCV-primed pigs developed diarrhea and showed an
increase in IgA ASCs in BLN, spleen, duodenum and jejunum. Very
few IgA ASCs were detected in the ileum and none were detected
in the mLN. More importantly, the number of IgG ASCs increased
rapidly in the gut lamina propria and mLNs but not the BLN (which
already had fairly high IgG ASCs). These data may indicate that
PRCV-specific IgG ASC precursors in BALT of PRCV-primed pigs
migrated to the gut in response to TGEV challenge, contributing
to partial protection. Thus, unlike what has been shown in rabbits
and rodents where GALT-derived IgA B cells are the major migra-
tory cells among mucosal lymphoid tissues and which are thought
to migrate more readily to BALT than the GALT (McGhee et al., 1992;
Sminia et al., 1989), data from Vancott et al. (1994) indicate that
virus-specific IgG ASC and memory B cells that rapidly accumu-
lated in the gut lamina propria and mLN of PRCV-primed pigs after
TGEV challenge most likely migrated from the BALT (Vancott et al.,
1994).
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2.2.2. Oral immunization with the Actinobacillus
pleuropneumoniae (live or killed) and the impact on lymphocyte
subset distribution in the bronchoalveolar space and ASCs in
lavage fluid and sera (Delventhal et al., 1992; Pabst et al., 1995)

In these experiments, four month old German Landrace pigs
from an SPF breeding farm were used (Delventhal et al., 1992;
Pabst et al., 1995). A ‘lavage’ control group (n=5) were lavaged
at week one, five and six (without being immunized) (Delventhal
etal, 1992; Pabst et al., 1995). Another ‘non-immunization’ control
group was lavaged then infected by aerosol challenge and lavaged
again one week later. The experimental pigs were lavaged followed
by orally immunized with 10! active or inactive (irradiated) bac-
teria (Delventhal et al., 1992; Pabst et al., 1995). All groups (with
the exception of the lavage control group) were infected by aerosol
challenge with 108 viable APP at week five then lavaged one week
later. The experimental groups were lavaged at weeks seven and
eight as well. Results showed that the nonimmunized pigs were
severely ill after infection with APP and showed massive pathol-
ogy at necropsy within one week after the infection whereas the
animals immunized with viable or inactivated appeared clinically
normal. The lavage control group showed no significant differences
in the numbers of cells in bronchoalveolar (BAL) fluid, the dif-
ferentials, or lymphocyte subsets. Relative to the animals orally
immunized with inactivated bacteria, the pigs immunized with
viable bacteria showed a trend toward higher numbers of nucleated
cells and an increased proportion of granulocytes, a comparable
40% composition of macrophages, and a constant proportion of
about 2-5% lymphoid blasts and plasma cells were found. In the BAL
of normal pigs, plasma cells and blasts are rare but the percentage
of plasma cells in BAL increased significantly after oral immuniza-
tion with either viable or non-viable bacteria (Delventhal et al.,
1992; Pabst et al., 1995). Immunization with either viable or no-
viable bacteria triggered an overall increase in the total number of
T cells but the ratio of CD4/CD8 cells remained constant. There was
a significant increase in IgA+ ASCs in BALs after immunization with
inactivated bacteria but there was a significant increase in IgG+
and IgM+ ASCs in pigs orally immunized with viable or nonviable
bacteria. Thus, oral administration of either viable or inactivated A.
pleuropneumoniae induced an influx of lymphocytes into the bron-
choalveolar compartment of pigs, indicating a migration from the
gut or lamina propria of the bronchi and trachea into the airways
(Delventhal et al., 1992; Pabst et al., 1995).

2.2.3. Gnotobiotic piglets

Gnotobiotic pigs have altered intestinal structure (reduced
villous length and increased crypt depth) and proinflammatory
cytokine gene expression relative to conventionally reared piglets
(Shirkey et al., 2006). These piglets show signs of clinical disease
and pathology to Human Rotavirus (HRV) making them a valuable
animal model in which to study the mucosal and systemic immune
responses to rotavirus (Azevedo et al., 2010; Gonzalez et al., 2004;
losef et al., 2002; Saif et al., 2003; Ward et al., 1996; Yuan et al.,
2005, 1998, 1996).

2.2.3.1. Intranasal administration of rotavirus-like particles with
mutant Escherichia coli heat-labile toxin (mLT) adjuvant in gnotobiotic
pigs followed by oral challenge (Yuan et al., 2000). Gnotobiotic pigs at
3-5days of age were administered vaccines via the intranasal route
twice with a 10-day interval between immunizations. The vac-
cine antigens were comprised of Virus-like particles derived from
bovine or simian strains (referred to as bsVLP)) with or without
5 g of mLT (a mucosal adjuvant derived from E. coli) (Yuan et al.,
2000) (When mLT is included in this vaccine, we will refer to it as
bsVLP+. Therefore, pigs immunized twice intranasally with bsVLP
without mLT will be referred to as bsVLP but if mLT is included, it
will be referred to as bsVLP+. If the dose was repeated twice with

mLT, it will be referred to as bsVLPx2+). Control pigs were mock
inoculated with saline or mLT alone. At day 21, the IgM, IgA, and
IgG ASC numbers in the duodenum and ileum from pigs immunized
intranasally with bsVLPx2+ were 2- to 9-fold higher than those pigs
immunized without mLT (bsVLPx2). Further, the mean numbers of
IgM and IgG ASCs in the ileum of pigs i.n.immunized bsVLPx2+ were
significantly higher than those immunized without mLT. These data
suggest that intranasal administration of antigens with the mucosal
adjuvant promoted a robust mucosal immunity in intestinal sites
(Yuan et al., 2000).

On day 21, piglets were challenged orally with 108 infectious
dose (ID)s¢ of virulent Wa HRV. Compared to animal-specific
prechallenge ASC numbers, pigs i.n. immunized bsVLPx2+ mLT
showed significant induction of antigen-specific ASC responses
in the duodenum and ileum indicating induction of a memory
response (Yuan et al., 2000). Remarkably, intranasal inoculation of
pigs with bsVLPx2+ induced higher numbers of intestinal IgA and
IgG ASC and memory B-cell responses than did three oral doses of
live attenuated Wa HRV (Yuan et al., 1998, 2000; Yuan and Saif,
2002). Despite these responses, pigs immunized with bsVLP2x+
were not protected against diarrhea nor did they produce signifi-
cantly enhanced virus-neutralizing antibody titers compared to the
challenged control pigs. Clearly, intranasal immunization of gnoto-
biotic piglets triggered mucosal immunity when mLT adjuvant was
included in the vaccine, but not protection.

To determine whether the magnitude of the immune response
could be influenced by the number of doses or the subgroup speci-
ficity of the VLPs, three to five day old gnotobiotic pigs were
vaccinated intranasally with three doses of bsVLP+ (referred to as
bsVLP3x+) or three doses of VLPs from bovine strain RF (Labbe
et al., 1991) and VLPs from virulent Wa human rotavirus in the
presence of mLT (referred to as bhVLPx3+) (Yuan et al., 2000) with
the second and third dose being administered at days 10 and 20.
The ASC responses induced by the bsVLPx3+ regimen (i.e. with
the bovine/simian VLPs) showed similar patterns in intestinal and
systemic lymphoid tissues with no significant differences in mag-
nitude compared to pigs i.n. inoculated twice with bsVLP+. Pigs
i.n. immunized with bhVLPx3+ (i.e. with the bovine/human VLPs)
induced 4- to 7-fold-higher mean numbers of IgG ASC but 6- to 16-
fold-lower mean numbers of IgA ASC in the duodenum and ileum
compared to bsVLPx3+ pre-challenge suggesting that the strain
from which the antigen was derived (human or simian) impacts
immunity. After challenge, the mean numbers of IgA and IgG ASC
in the pigs i.n. immunized with bsVLPx3+ increased significantly
compared to pre-challenge ASC numbers in most tissues, except
IgG in the duodenum and IgG and IgA in bone marrow. In contrast,
the mean numbers of IgA ASC in the bhVLPx3+ pigs increased sig-
nificantly in the duodenum and ileum and the IgG ASC increased
significantly in the mLN, spleen, peripheral blood, and bone mar-
row post-challenge suggesting that the source of antigens (human
or simian rotavirus) impacts the immune response (Yuan et al.,
2000). Again, despite these data showing immunogenicity of the
vaccine antigens and induction of memory B cell in the ileum, pigs
i.n. immunized with bsVLPx3+ or bhVLPx3+ failed to protect gno-
tobiotic pigs against rotavirus challenge nor were there significant
differences in percentage and mean duration of virus shedding and
diarrhea, mean days to onset of shedding, mean peak titer of virus
shed, and mean cumulative diarrhea scores. The authors speculate
that other studies with different doses, timing of vaccination and/or
viral antigens may confer protection (Yuan et al., 2000).

2.2.3.2. Combined oral and intranasal vaccination routes with live
attenuated or non-replicating antigens followed by oral challenge
with virulent human rotavirus in gnotobiotic pigs (Yuan et al., 2001).
Next, this research group explored whether stimulating both the
GALT and NALT through a combination of oral and intranasal
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vaccination routes would generate superior immunity against
rotavirus challenge relative to an either vaccination route alone.

Oral prime:i.n. boost: at three to five days of age, piglets were
given sodium bicarbonate to reduce stomach acid and then were
orally inoculated with 5x 107 fluorescent focus-forming units
(FFU) of attenuated Wa HRV (AttHRV) followed by i.n. boosting
on day 10 and day 20 with bhVLP plus mLT (which will be jointly
referred to as AttHRV/bhVLP2+).

i.n. prime: oral boost: at three to five days of age, piglets
were i.n. inoculated with bhVLP+ and this priming dose was
readministered on ten days later. Twenty-one days post the first
inoculation, pigs were given sodium bicarbonate then orally immu-
nized with 5 x 107 FFU AttHRV (which is jointly referred to as
bhVLP2+/AttHRV) (Yuan et al., 2001).

Both groups of piglets were orally challenged with virulent Wa
HRV seven days after the past inoculation.

Pigs primed nasally then boosted orally (bhVLP2+/AttHRV)
showed partial protection against clinical signs of disease, shorter
mean duration of virus shedding and lower mean peak virus
shedding titers compared to the mLT and mock controls after chal-
lenge with virulent Wa HRV. Pigs primed orally then boosted i.n.
(bhVLP2+/AttHRV) showed significantly reduced virus shedding
(42%) and diarrhea (50%) rates compared to the pigs vaccinated
with mLT alone and mock control groups. Of the vaccinated pigs
that did shed virus, they had shorter mean duration of shedding
and cumulative fecal scores indicating reduced severity of disease.

Results also indicated that the combined vaccine regimens
induced virus-specific IgM and IgA ASC responses in all lymphoid
tissues, but especially in the intestinal tissues (Yuan et al., 2001).
Pigs primed orally then boosted i.n. (bhVLP2+/AttHRV) had sig-
nificantly higher IgM, IgA and IgG ASC responses in the intestinal
lymphoid tissues than the pigs primed nasally then boosted orally
(bhVLP2+/AttHRV) (Yuan et al., 2001). In fact, pigs primed orally
then boosted i.n. (bhVLP2+/AttHRV) showed the highest mean
numbers of intestinal IgA ASCs at challenge among all rotavirus
vaccines in gnotobiotic pigs tested by this research group to date,
including one to three oral doses of live attenuated Wa HRV and two
or three intramuscular doses of inactivated Wa HRV with IFA (Yuan
et al., 1996, 2000, 2001). These results suggest that oral priming
with live attenuated Wa HRV followed by intranasal boosting with
bhVLPs plus mLT was very effective in stimulating intestinal IgA
ASC responses (Yuan et al., 2001). Further, pigs primed orally then
boosted i.n. showed significantly higher virus-neutralizing geomet-
ric mean titers in the serum than all other groups (Yuan etal.,2001).
They summarize that priming of the mucosal inductive site at the
portal of natural infection with a replicating vaccine, followed by
boosting with a non-replicating vaccine at a second mucosal induc-
tive site stimulated the strongest B-cell responses in the intestinal
mucosal immune system at challenge and conferred a moderately
high protection rate against rotavirus disease (Yuan et al., 2001).

3. Indirect evidence of induction of the common mucosal
immune system

3.1. Subunit or killed vaccines

3.1.1. Oral antigen exposure in newborn piglets induces oral
immunity in response to systemic vaccination in later life
(Pasternak et al. (in press))

For the first 24-36h after birth, the gut of pigs exists in a
semi-permeable state to facilitate uptake of maternal antibodies
and other macromolecules and maternal cells (Lecce and Matrone,
1960; Nechvatalova et al., 2011; Nguyen et al., 2007; Rooke and
Bland, 2002). Therefore, our laboratory investigated whether a sub-
unit vaccine administered into the stomach cavity within 6h of

birth would allow an antigen to traverse the gut wall and induce
oral immunity (and subvert induction of oral tolerance). With-
out negating stomach acid, piglets were gavaged with a two-part
vaccine consisting of soluble OVA (0.5 mg or 0.05 mg) with 50 pg
soluble CpG 2395 as well as a polyphosphazene microparticle (MP)
encapsulating 0.5mg OVA+50 wg CpG 2395 (Pasternak et al. (in
press)). Piglets were gavaged at less than 6 h of age with the idea
that both the soluble OVA/CpG and the OVA/CpG within the MP
would cross the gut wall. Polyphosphazene MPs are water-soluble
and will dissolve over time to release the OVA/CpG thus acting like
a prime-boost vaccine (Garlapati et al., 2010; Mutwiri et al., 2007,
2005). With the exception of the saline control group, all piglets
were i.p.-injected with 10 mg OVA plus Incomplete Freund’s Adju-
vant (IFA) at 28 days of age and all piglets were euthanized at 49
days of age. The i.p. control group received a saline gavage but
was boosted with the i.p. vaccination and therefore act as our pri-
mary systemic vaccine control group. Saline control piglets were
gavaged and immunized with saline. In serum, we observed signif-
icantly higher anti-OVA IgG1 for the group gavaged with 0.05 mg
OVA/CpG + MP relative to the saline control group over time and
both oral vaccine groups showed higher mean titers over time rel-
ative to the i.p. control group for anti-OVA IgM, IgA, 1gG, IgG1, and
IgG2 although the results were not statistically significant. BALF
were collected at time of death and results showed that piglets
gavaged with the lowest dose of OVA/CpG + MP showed anti-OVA
IgG and IgG1 titers that were statistically higher than the control
group, but very low titers of anti-OVA IgA were detected in all
groups (Pasternak et al. (in press)). Collectively, these results sug-
gest that oral exposure to OVA triggers low level mucosal immunity
at a distal site and they show agreement with similar trials per-
formed in neonatal rat pups and lambs in that a significant local
immune response is generated (Buchanan et al., 2013, 2012). Fur-
ther studies must be undertaken to clarify the precise dose and
duration of exposure required for induction of mucosal immunity
as pigs grown into adulthood.

3.1.2. Gavage into stomach cavity with CT-B subunit mixed with
or conjugated to PRRSV nucleocapsid protein or Myc peptide
(Hyland et al., 2004)

Hyland et al., 2004 blocked then negated stomach acid pro-
duction prior to administering a vaccine directly into the stomach
cavity of four week old piglets three times at ten day intervals
(Hyland et al.,, 2004). The oral vaccine was composed of CT-
B subunit alone, CT-B co-administered with recombinant PRRSV
nucleocapsid (N protein) or myc peptides, or recombinant proteins
CT-B genetically fused with N protein or myc protein. CT-B-specific
secretory IgA were detected in the intestinal mucosa from all
groups but anti-IgA specific for N or myc were only detected in
the intestinal mucosa of a minority of animals when fused with
CT-B. When the peptides were simply mixed with CT-B, antibod-
ies within the intestinal mucosa were not detected suggesting that
linking peptides to CT-B was necessary to generate peptide-specific
IgA at local mucosa. Serum antibodies were produced against the
CT-B subunit in all pigs as well as weak titers of anti-CT-B antibod-
ies in saliva and vaginal secretions, both of which are distal mucosal
sites (i.e. the gavage bypassed the oral cavity and therefore saliva is
not considered a local mucosal site). When N protein or myc were
fused with CT-B, anti-N and anti-myc IgA antibodies were detected
in the serum but not in the saliva or vaginal secretions. IgG anti-Myc
was detected in the serum even without conjugation with CT-B, but
not at the mucosal sites. Thus oral vaccination with CT-B was able
to elicit distal IgA antibody responses in the saliva and reproductive
tract, though the magnitude of the response was small relative to
local mucosal antibody production and the response did not extend
to the unlinked peptides. (Hyland et al., 2004).
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3.1.3. Gavage into stomach cavity with CT and CT-B subunit
co-administered with Keyhole limpet hemocyanin (KLH) or
conjugated to Ovalbumin (Foss and Murtaugh, 1999)

Foss and Murtaugh (1999) blocked and negated stomach acid
production prior to administering a vaccine directly into the stom-
ach cavity of five to six week old pigs three times at seven to ten day
intervals (Foss and Murtaugh, 1999). Five days after the final vac-
cine was administered, cells and mucosal secretions were collected.
The vaccines consisted of CT (1-100 g per animal) and recombi-
nant CT-B (1 mg per animal) which did not result in diarrhea or any
other clinical signs of toxicity. Oral CT-B alone induced statistically
significant induction of anti-CT-B IgG and IgA titers in serum and
jejunal mucosa but not in saliva (distal mucosa). When 100 pg CT
was added to the vaccine, a robust induction of anti-CT-B IgA and
IgG titers were induced in the serum, whereas an examination of
the jejunal mucus showed induction of IgA titers and saliva showed
induction of IgG titers. The salivary anti-CT-B IgA response also
increased modestly. When the jejunal lamina propria was inves-
tigated for ASCs, it was found that it contained significantly more
IgA-secreting cells than IgG or IgM secreting cells as well as signif-
icantly more IgA secreting cells than what was found in the blood
and the spleen. The spleen contained more IgM ASCs than lamina
propria or peripheral blood mononuclear cells (PBMCs) and less IgA
and IgG ASCs than the other two tissues. The large number of IgA
secreting cells in lamina propria suggested that anti-CT-B specific
antibodies in jejunal mucus were produced in the local tissues.

Additional experiments were conducted to confirm the anti-CT-
B IgA measured in intestinal mucus was produced locally. Animals
were immunized three times with CT-B plus CT. The lamina propria
contained >2000 anti-CT-B specific IgA and >500 anti-CT-B spe-
cific IgA ASCs per million total isolated cells. The relative amounts
of anti-CT-B IgA and IgG in the adjacent mucus was reflected in
the relative number of anti-CT-B IgA and IgG ASCs in the lamina
propria, suggesting local production rather than a hematogenous
origin. Anti-CT-B IgA and IgG ASCs were also detected in the spleen
following oral immunization, but were much fewer in number than
in the lamina propria and there was a trend toward increased IgG
ASC relative to IgA ASC.

Next, the investigators evaluated whether keyhole limpet
hemocyanin (KLH) co-administered with CT-B, or ovalbumin (OVA)
conjugated to CT-B by glutaraldehyde in the presence or absence
of CT could trigger mucosal and systemic immunity. Oral CT and
CT-B resulted in anti-CT-B IgA in the serum but no KLH-specific
ASCs were detected in the jejunal lamina propria cells (Foss and
Murtaugh, 1999). Animals receiving OVA linked to CT-B had higher
levels of IgM-anti-OVA ASCs in jejunum and serum anti-OVA IgM
when administered with CT. Unfortunately; they did not report the
effect on the distal mucosa (saliva). They conclude that CT is an
effective oral immunogen and a safe oral adjuvant in swine at non-
toxic doses but it promotes stronger mucosal immunity to linked
antigens.

3.2. Replicating vaccines

3.2.1. Feeding (oral exposure) Saccharomyces cerevisia-coding
for A. pleuropneumoniae antigens to pigs then challenging
intranasally with virulent A. pleuropneumoniae (Shin et al., 2013)
Because the majority of efficacious oral vaccines are comprised
of attenuated pathogens, researchers have used yeast such as Sac-
charomyces cerevisiae as live, replicating vaccine vectors to express
protein subunits from pathogens of interest (Kim et al., 2010; Shin
et al., 2005). Shin and colleagues cloned A. pleuropneumoniae anti-
gens ApxIA and ApxIIA into S. cerevisiae (Shin et al., 2005). In Shin
et al. (2013), three week old piglets were fed 1.5 x 10° Colony
forming units (CFU) S. cerevisiae expressing ApxIA/ApxIa, S. cere-
visiae (vector control), or they were left as untreated pigs (controls)

(Shin et al., 2013). The oral vaccines were administered three times
separated by weekly intervals and blood, nasal washes, and fecal
samples were collected weekly. Piglets fed the vector coding for
antigens showed significantly higher anti-ApxIA and ApxIIA IgA in
the nasal washes relative to the pigs fed vector alone and untreated
pigs. One week after the final oral vaccination, sera anti-ApxIIA IgA
and IgG were significantly higher in the vaccinated pigs relative to
the pigs fed vector control yeast. Representative pigs were chal-
lenged intranasally one week after final vaccination with 1.5 x 10°
CFU of A. pleuropneumoniae (serotype 5 Korean). The vaccinated
group showed lower clinical signs of disease compared to the con-
trol groups and they showed a reduced number of bacteria that
could be reisolated from the lungs, although the reduction was
not statistically relevant. The non-treated control and vector con-
trol groups showed microscopic lung changes indicative of alveolar
wall congestion, inflammatory infiltration and alveoli were filled
with edema fluid, and neutrophils indicating acute inflammatory
responses. Thus, oral immunization with yeast coding for pro-
tein antigens showed a mucosal response in the respiratory tract
mucosa which manifested as lowered clinical signs of disease.

3.2.2. Oral vaccination of pigs with a live Erysipelothrix
rhusiopathiae vector coding for an Mycoplasma hyponeumoniae
antigen then challenged by the intranasal route (Ogawa et al.,
2009)

E. rhusiopathiae Koganei (65-0.15 strain) is a bacteria that col-
onizes the tonsils of pigs and which can be used to protect pigs
against erysipelas. Ogawa et al. (2009) created recombinant E. rhu-
siopathiae bacteria expressing the C-terminal portion of the P97
protein of M. hyponeumoniae (Ogawa et al., 2009) for use as a
vaccine. Eight 10-day old Specific Pathogen Free (SPF) pigs were
administered a milk replacer containing live recombinant E. rhu-
siopathiae expressing the M. hyponeumoniae protein (1.0 x 1011
CFU/group/day) for seven consecutive days. As controls, two pigs
were fed milk replacer containing no bacteria (but unfortunately a
vector control group was not included). The pigs were challenged
intradermally with 5.0 x 10* CFU of E. rhusiopathiae Fujisawa strain
10 days after the final day of vaccination. Results showed that
the pigs orally inoculated with the E. rhusiopathiae KO-P97/53S
strain were protected from death and did not show any clinical
signs of infection (such as increased body temperature, skin lesions,
reduced activity), whereas the control pigs developed typical signs
of erysipelas and died or had to be euthanized within seven days.
Five new control pigs (not orally vaccinated) and five pigs randomly
chosen from the experimental group were challenged intranasally
with a suspension containing 1.0 x 108 color-changing units (CCU)
of M. hyponeumoniae on three consecutive days four weeks after the
final day of vaccination. Four weeks following the challenge expo-
sure, the pigs were euthanized and necropsied. The proportions of
their lung surface with pneumoniclesions were determined and the
results showed that the median of the proportions of lung surface
with pneumonic lesions in the KO-P97/53S group was significantly
smaller than those in the control group.

Another vaccination trial was undertaken wherein ten piglets
were orally inoculated on three consecutive days with E. rhu-
siopathiae KO-P97/53S strain by feeding pigs with milk replacer
containing the bacteria (1.0 x 10'2 CFU/group/day). A further nine
pigs were orally inoculated with E. rhusiopathiae Koganei 65-0.15
(1.0 x 102 CFU/group/day) as vector controls. Thirteen days after
the final vaccination, pigs were each challenged intranasally with a
suspension of 2.0 x 108 CCU of M. hyponeumoniae on three con-
secutive days. Twenty-three days after the challenge exposure,
the pigs were euthanized and necropsied. The concentration of
P97-specific IgG antibodies in BAL fluid obtained at the time of
necropsy was significantly higher in the vaccinated group than the
control group. These data show agreement with previous studies
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showing that vaccinated pigs have a greater concentration of M.
hyponeumoniae-specific IgG than IgA titers in the BALF (Thacker
et al.,, 2000). Thus, oral vaccination with a replicating pathogen
protected pigs from bacteria administered intranasally and pro-
moted induction of antigen-specific humoral immunity in BALF.
The authors further showed that gnotobiotic piglets orally inocu-
lated with E. rhusiopathiae KO-P97/53S showed evidence of bacteria
dissemination to the lung and tracheobronchial lymph nodes after
eight days. However, the authors also show that E. rhusiopathiae
Koganei 65-0.15 strain orally administer to SPF pigs were dissem-
inated to the tonsils (unfortunately they did not specify whether
which part of the tonsil they were examining (the pharyngeal, the
palantine, etc.)) but not the mesenteric lymph nodes or the lung
(the only other organs investigated) after 15 days. These data sup-
port the possibility that within these vaccine trials, the bacteria did
not disseminate and growth beyond the digestive cavity (Ogawa
et al., 2009). Thus antibody titers in BALF are not likely present due
to migration the bacteria from the oral cavity to the lungs at the
time of infection.

3.2.3. Intranasal administration of attenuated PRRSV with CpG
Oligodeoxynucleotide adjuvant (Zhang et al., 2007)

Zhang et al., 2007 immunized pigs intranasally with attenuated
PRRSV alone or with CpG oligodeoxynucleotide (ODN) and eval-
uated the effect on the systemic and mucosal immune response
(Zhang et al., 2007). The piglets were administered a primary
intranasal vaccine at twenty days of age (reported as day 0), as well
as anintranasal booster immunization 21 days later and then serum
and secretions were analyzed up for 14 days (up to day 35 post pri-
mary immunization (ppi)). On day 35 ppi, piglets immunized with
PRRSV plus 100 g or 1000 g CpG ODN had serum titers that were
approximately 3-fold and 6-fold higher than the total virus-specific
IgG in serum from piglets immunized with virus alone or virus plus
100 wg/ml GpC ODN (a control ODN). Further, inclusion of CpG ODN
in the vaccine triggered higher overall virus-specific IgG2 to IgG1
titers whereas piglets immunized with PRRSV alone or with GpC
ODN (a backbone control ODN) showed higher levels of PRRSV-
specific IgG1 than IgG2 on day 35 post-immunization. Thus, the
presence of CpG ODN influenced the antigen-specific IgG isotypes of
produced. When PRRSV was administered alone or with GpC ODN,
there was only weak anti-PRRSV IgA detected in the nasal secre-
tions at day 21 and weak IgA in nasal secretions and oral secretions
at day 35. No anti-PRRSV IgA was detected in the secretions from
the saline control group for any time point. Saliva, feces and nasal
secretions evaluated at day 21 and day 35 days ppi showed sig-
nificant anti-PRRSV IgA in all three secretions when CpG ODN was
included in the vaccine; the highest titers were observed with the
highest concentration of CpG ODN. These data suggest that inclu-
sion of the Toll-Like Receptor 9 agonist CpG ODN in an intranasal
PRRSV vaccine may promote common mucosal immunity, provided
of course that none of the vaccines administered intranasally were
not swallowed.

4. Perspectives

The porcine systemic and mucosal immune responses are sim-
ilar to their counterparts in humans, and immunological tools are
available to assess both innate and acquired immunity relevant
for vaccine studies. Indeed, a study by Dawson reported that the
porcine immune system resembles that of humans for >80% of ana-
lyzed parameters, whereas mice were similar in <10% (Dawson,
2011). Pigs are important models for studying respiratory diseases,
lung inflammation and cystic fibrosis (Ekser et al., 2012; Elahi
et al., 2005; Meurens et al., 2012; Rogers et al., 2008) because the
pig and human lung share many physiological features (Swindle

et al., 1988) including extensive inter- and intra-lobular connec-
tive tissues (Gil et al., 2010). Due to differences in animal size,
development and anatomical differences, rodents may not share
similar route or dose of infection, disease transmission or periods
of latency and therefore they may not be appropriate to predict
vaccine efficacy in humans. However, the anatomy and timing of
mucosal-associated lymphoid development can be conserved or
divergent at distinct mucosal sites across species. For instance,
the T-independent response of mouse peritoneal B1 cells has not
been confirmed in other species (Bos et al., 1996; Reynolds and
Morris, 1983). In rodents there is evidence of gut PP organogen-
esis development in utero (Adachi et al.,, 1997) and yet rodents
are born with a minimal GALT and they lack circulating B and T
cells (Friedberg and Weissman, 1974). In contrast and as detailed
in (Levast et al., 2014), piglets are born with a relatively advanced
GALT structure complete with Peyer’s patches (PP) that undergo
further expansion and maturation upon exposure to commensal
flora and environmental antigens (Barman et al., 1997; Pabst and
Rothkotter, 1999). Thus, conventionally raised piglets may have a
gut mucosa that is sufficiently mature to respond to oral vaccines
in the period immediately after birth, at least with humoral immu-
nity. Even when comparing the mucosal immune system across
large animal species, there are differences in anatomy and function
in the mucosal tissues. Ruminants have ileal Peyer’s patches that,
like the avian bursa, are a primary lymphoid organ necessary for B
cell development (Reynolds and Morris, 1983). In contrast, despite
sharing similarities such as developing in utero and being com-
prised of a nearly continuous PP at birth, there is provide compelling
evidence that in pigs, IPP are not a primary lymphoid organ but
are instead a specialized secondary lymphoid tissue (Butler et al.,
2011; Sinkora et al., 2011). In mice and humans, PP are considered
important secondary lymphoid organs with B cell lymphogene-
sis occuring instead in fetal liver and then persisting in the bone
marrow (BM) but (Cornes, 1965; Jung et al., 2010). Therefore, it
is important not to assume that the common mucosal immune
system exists in pigs based on evidence derived from laboratory
animals and we instead should look for experimental evidence.
Herein we provide some evidence for induction of the common
mucosal immune system from local mucosa (i.e. oral or intranasal)
to distal mucosa (saliva, genital tract, bronchus and gut, as appro-
priate) but as of yet we have not found evidence for linking other
mucosal sites such as the conjunctiva, etc. Further studies must be
undertaken to clarify the impact of mucosal immunization to all
other mucosal sites. Once done, we then must define the precise
dose and duration of exposure required for induction of mucosal
immunity at local as well as distal sites. This knowledge will con-
tribute to our understanding of the underlying mechanisms by
which this vaccination strategy promotes immunity and it will have
important implications for protecting against infectious diseases in
the pigs.

Beyond being an excellent animal model for human immunol-
ogy, pigs are part of a global food production industry and therefore
their health positively impacts Global One Health. For an immu-
nization regimen to be adopted, several factors such as whether
the costs and toxicity are low, whether efficacy is high and whether
the vaccine is easy to administer must be considered. While con-
trolling costs are always a consideration for livestock operations,
it is equally important to consider how effective the vaccine
is, especially as pigs are an outbred population. Immunization
may not trigger optimal immunity in all of the animals but if
enough show a positive response, herd immunity may protect the
rest. Further, ease of immunization has a tremendous impact on
whether an immunization regimen will be adopted. For instance
oral and intranasal immunization are a labor-intensive operation
and intravaginal immunization will only protect the females of a lit-
ter. Piglets grow very quickly and subsequent booster vaccine will
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necessitate that the piglets be snared and then physically or chem-
ically immobilized prior to vaccination, regardless of whether the
secondary vaccination takes place via the oral, intranasal or intrav-
aginal routes. Importantly, in the process of breeding, gilts and sows
undergo a lordosis response which naturally immobilizes the ani-
mals. At this time, oral, intranasal or intravaginal immunization
could easily be performed without snaring and without the poten-
tial harm to the barn personnel. Again, this will only protect the
females of the herd and to a lesser extent protect their offspring
through passive immunization in colostrum and milk. All of these
considerations must be weighed and found labor and cost-effective
before mucosal immunization of pigs will be adopted.

Acknowledgments

We gratefully acknowledge financial support from the Alberta
Livestock and Meat Agency, Ontario Pork, and the Saskatchewan
Agriculture Development Fund (Saskatchewan Ministry of Agri-
culture and the Canada-Saskatchewan Growing Forward bi-lateral
agreement). H.L.W. is an adjunct professor in the Department
of Biochemistry and the School of Public Health at the Uni-
versity of Saskatchewan. M.R.O. is supported by the University
of Saskatchewan Integrated Training Program in Infectious Dis-
eases, Food Safety and Public Policy (ITraP-IDFP) scholarship. This
manuscript is published with the permission of the Director of VIDO
as journal series no. 711.

References

Adachi, S., Yoshida, H., Kataoka, H., Nishikawa, S., 1997. Three distinctive steps in
Peyer’s patch formation of murine embryo. Int. Immunol. 9, 507-514.

Annacker, 0., Coombes, ].L., Malmstrom, V., Uhlig, H.H., Bourne, T., Johansson-
Lindbom, B., Agace, W.W., Parker, C.M., Powrie, F., 2005. Essential role for CD103
in the T cell-mediated regulation of experimental colitis. J. Exp. Med. 202,
1051-1061.

Azevedo, M.S.P., Gonzalez, A.M.,, Yuan, L., Jeong, KL, losef, C., Van Nguyen, T.,
Lovgren-Bengtsson, K., Morein, B., Saif, LJ., 2010. An oral versus intranasal
prime/boost regimen using attenuated human rotavirus or VP2 and VP6 virus-
like particles with immunostimulating complexes influences protection and
antibody-secreting cell responses to rotavirus in a neonatal gnotobiotic pig
model. Clin. Vaccine Immunol. 17, 420-428.

Barman, N.N., Bianchi, A.T., Zwart, R]., Pabst, R., Rothkotter, HJ., 1997. Jejunal and
ileal Peyer’s patches in pigs differ in their postnatal development. Anat. Embryol.
(Berl.) 195, 41-50.

Berlin, C., Berg, E.L., Briskin, M.J., Andrew, D.P., Kilshaw, P.J., Holzmann, B., Weissman,
LL, Hamann, A., Butcher, E.C., 1993. Alpha-4-beta-7-integrin mediates lympho-
cyte binding to the mucosal vascular addressin madcam-1. Cell 74, 185-195.

Binns, R.M., Pabst, R., 1994. Lymphoid tissue structure and lymphocyte trafficking
in the pig. Vet. Immunol. Immunopathol. 43, 79-87.

Bos, N.A., Bun, J.C.A.M,, Popma, S.H., Cebra, E.R., Deenen, G.J., vanderCammen, M.J.F.,
Kroese, F.G.M., Cebra, J.J., 1996. Monoclonal immunoglobulin a derived from
peritoneal B cells is encoded by both germ line and somatically mutated V-H
genes and is reactive with commensal bacteria. Infect. Immun. 64, 616-623.

Botner, A., Strandbygaard, B., Sorensen, KJ., Have, P., Madsen, K.G., Madsen, E.S.,
Alexandersen, S., 1997. Appearance of acute PRRS-like symptoms in sow herds
after vaccination with a modified live PRRS vaccine. Vet. Rec. 141, 497-499.

Bourges, D., Chevaleyre, C., Wang, C., Berri, M., Zhang, X., Nicaise, L., Meurens, F.,
Salmon, H., 2007. Differential expression of adhesion molecules and chemokines
between nasal and small intestinal mucosae: implications for T- and sIgA+ B-
lymphocyte recruitment. Immunology 122, 551-561.

Bourges, D., Meurens, F., Berri, M., Chevaleyre, C., Zanello, G., Levast, B., Melo, S.,
Gerdts, V., Salmon, H., 2008. New insights into the dual recruitment of [gA(+) B
cells in the developing mammary gland. Mol. Immunol. 45, 3354-3362.

Brandtzaeg, P., 2003. Mucosal immunity: integration between mother and the
breast-fed infant. Vaccine 21, 3382-3388.

Brandtzaeg, P., Farstad, L.N., Haraldsen, G., 1999. Regional specialization in the
mucosal immune system: primed cells do not always home along the same
track. Immunol. Today 20, 267-277.

Brim, T.A., Vancott,].L., Lunney, ].K., Saif, LJ., 1995. Cellular immune-responses of pigs
after primary inoculation with porcine respiratory coronavirus or transmissible
gastroenteritis virus and challenge with transmissible gastroenteritis virus. Vet.
Immunol. Immunopathol. 48, 35-54.

Buchanan, R., Mertins, S., Wilson, H., 2013. Oral antigen exposure in extreme early
life in lambs influences the magnitude of the immune response which can be
generated in later life. BMC Vet. Res., 9.

Buchanan, R, Tetland, S., Wilson, H.L., 2012. Low dose antigen exposure for a finite
period in newborn rats triggers mucosal immunity rather than tolerance in later
life. PLoS ONE 7 (12), e51437.

Butler, J.E., Santiago-Mateo, K., Sun, X.Z., Wertz, N., Sinkora, M., Francis, D.H., 2011.
Antibody repertoire development in fetal and neonatal piglets, XX. B cell lym-
phogenesis is absent in the ileal Peyer’s patches, their repertoire development is
antigen dependent, and they are not required for B cell maintenance. J. Immunol.
187, 5141-5149.

Campbell, D.J., Butcher, E.C., 2002. Rapid acquisition of tissue-specific homing phe-
notypes by CD4(+) T cells activated in cutaneous or mucosal Imphoid tissues. J.
Exp. Med. 195, 135-141.

Campbell, D.J., Debes, G.F., Johnston, B., Wilson, E., Butcher, E.C., 2003. Targeting T
cell responses by selective chemokine receptor expression. Semin. Immunol. 15,
277-286.

Cornes, J.S., 1965. Number, size, and distribution of Peyer’s patches in the human
small intestine: Part I the development of Peyer’s patches. Gut 6, 225-229.

da Cunha, I.A.L,, Zulpo, D.L,, Bogado, A.L.G., de Barros, L.D., Taroda, A., Igarashi, M.,
Navarro, L.T., Garcia, J.L., 2012. Humoral and cellular immune responses in pigs
immunized intranasally with crude rhoptry proteins of Toxoplasma gondii plus
Quil-A. Vet. Parasitol. 186, 216-221.

Dawson, H., 2011. In: McAnulty, P. (Ed.), A Comparative Assessment of the Pig,
Mouse, and Human Genomes: Structural and Functional Analysis of Genes
Involved in Immunity and Inflammation. CRC Press, Taylor & Francis Group,
New York, pp. 321-341.

Delventhal, S., Hensel, A., Petzoldt, K., Pabst, R., 1992. Cellular changes in the bron-
choalveolar lavage (BAL) of pigs, following immunization by the enteral or
respiratory route. Clin. Exp. Immunol. 90, 223-227.

Ekser, B., Burlak, C., Waldman, J.P., Lutz, AJ., Paris, L.L., Veroux, M., Robson, S.C., Rees,
M.A., Ayares, D., Gridelli, B., Tector, A.J., Cooper, D.K.C., 2012. Immunobiology of
liver xenotransplantation. Exp. Rev. Clin. Immunol. 8, 621-634.

Elahi, S., Brownlie, R., Korzeniowski, J., Buchanan, R., O’Connor, B., Peppler, M.S.,
Halperin, S.A., Lee, S.F., Babiuk, L.A., Gerdts, V., 2005. Infection of newborn
piglets with Bordetella pertussis: a new model for pertussis. Infect. Immun. 73,
3636-3645.

Faria, A.M.C., Maron, R,, Ficker, S.M.,, Slavin, AJ., Spahn, T., Weiner, H.L., 2003. Oral
tolerance induced by continuous feeding: enhanced up-regulation of trans-
forming growth factor-beta/interleukin-10 and suppression of experimental
autoimmune encephalomyelitis. J. Autoimmun. 20, 135-145.

Faria, A.M.C., Weiner, H.L., 2005. Oral tolerance. Immunol. Rev. 206, 232-259.

Foss, D.L., Murtaugh, M.P., 1999. Mucosal immunogenicity and adjuvanticity of
cholera toxin in swine. Vaccine 17, 788-801.

Foss, D.L., Murtaugh, M.P., 2000. Mechanisms of vaccine adjuvanticity at mucosal
surfaces. Anim. Health Res. Rev. 1, 3-24.

Friedberg, S.H., Weissman, L.L., 1974. Lymphoid tissue architecture. [I. Ontogeny of
peripheral T and B cells in mice: evidence against Peyer’s patches as the site of
generation of B cells. J. Immunol. 113, 1477-1492.

Fujimoto, K., Karuppuchamy, T., Takemura, N., Shimohigoshi, M., Machida, T.,
Haseda, Y., Aoshi, T., Ishii, K], Akira, S., Uematsu, S., 2011. A new subset of
CD103(+)CD8 alpha(+) dendritic cells in the small intestine expresses TLR3,
TLR7, and TLR9 and induces Th1 response and CTL activity. J. Immunol. 186,
6287-6295.

Garlapati, S., Eng, N.F., Wilson, H.L.,, Buchanan, R., Mutwiri, G.K., Babiuk, L.A.,
Gerdts, V., 2010. PCPP (poly[di(carboxylatophenoxy)-phosphazene]) micropar-
ticles co-encapsulating ovalbumin and CpG oligo-deoxynucleotides are potent
enhancers of antigen specific Th1 immune responses in mice. Vaccine 28,
8306-8314.

Gebert, A., Pabst, R., 1999. M cells at locations outside the gut. Semin. Immunol. 11,
165-170.

Gil, 0., Diaz, I, Vilaplana, C,, Tapia, G., Diaz, J., Fort, M., Caceres, N., Pinto, S., Cayla, J.,
Corner, L., Domingo, M., Cardona, P.-J., 2010. Granuloma encapsulation is a key
factor for containing tuberculosis infection in minipigs. PLoS ONE 5, e10030.

Gonzalez, A.M., Nguyen, T.V., Azevedo, M.S., Jeong, K., Agarib, F., losef, C., Chang,
K., Lovgren-Bengtsson, K., Morein, B., Saif, L., 2004. Antibody responses to
human rotavirus (HRV) in gnotobiotic pigs following a new prime/boost vaccine
strategy using oral attenuated HRV priming and intranasal VP2/6 rotavirus-like
particle (VLP) boosting with ISCOM. Clin. Exp. Immunol. 135, 361-372.

Griscelli, C., Vassalli, P., McCluskey, R.T., 1969. The distribution of large dividing
lymph node cells in syngeneic recipient rats after intravenous injection. J. Exp.
Med. 130, 1427-1451.

Hall, J.G., Hopkins, ]., Orlans, E., 1977. Studies on the lymphocytes of sheep III. Des-
tination of lymph-borne immunoblasts in relation to their tissue of origin. Eur.
J. Immunol. 7, 30-37.

Hu, J., Zhang, C., 2014. Porcine reproductive and respiratory syndrome virus vac-
cines: current status and strategies to a universal vaccine. Transbound. Emerg.
Dis. 61, 109-120.

Hyland, K., Foss, D.L., Johnson, C.R., Murtaugh, M.P., 2004. Oral immunization induces
local and distant mucosal immunity in swine. Vet. Immunol. Immunopathol.
102, 329-338.

losef, C.,Chang, K.O., Azevedo, M.S.P., Saif, LJ.,2002. Systemic and intestinal antibody
responses to NSP4 enterotoxin of Wa human rotavirus in a gnotobiotic pig model
of human rotavirus disease. ]. Med. Virol. 68, 119-128.

Johansson-Lindbom, B., Svensson, M., Pabst, O., Palmgqvist, C., Marquez, G., Forster,
R., Agace, W.W.,, 2005. Functional specialization of gut CD103+ dendritic cells in
the regulation of tissue-selective T cell homing. ]. Exp. Med. 202, 1063-1073.

Johansson-Lindbom, B., Svensson, M., Wurbel, M.A., Malissen, B., Marquez, G., Agace,
W., 2003. Selective generation of gut tropic T cells in gut-associated lymphoid


http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0005
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0010
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0015
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0020
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0025
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0030
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0035
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0045
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0050
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0055
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0060
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0065
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0070
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0075
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0080
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0085
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0090
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0095
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0100
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0105
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0110
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0115
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0120
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0125
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0130
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0130
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0130
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0130
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0130
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0130
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0130
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0130
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0135
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0140
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0145
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0150
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0155
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9000
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0160
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0165
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0170
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0175
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0180
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0185
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0190
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0195
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200

H.L. Wilson, M.R. Obradovic / Molecular Inmunology 66 (2015) 22-34 33

tissue (GALT): requirement for GALT dendritic cells and adjuvant. J. Exp. Med.
198, 963-9609.

Jung, C., Hugot, J.P., Barreau, F., 2010. Peyer’s patches: the immune sensors of the
intestine. Int. J. Immunopharmacol. 2010, 823710.

Kaetzel, C.S., Robinson, ].K., Chintalacharuvu, KR., Vaerman, J.P.,, Lamm, M.E.,
1991. The polymeric immunoglobulin receptor (secretory component) medi-
ates transport of immune-complexes across epithelial-cells - a local defense
function for Iga. Proc. Natl. Acad. Sci. U.S.A. 88, 8796-8800.

Kim, J.M., Jung, D.I, Eom, Y.J., Park, S.M,, Yoo, H.S., Jang, Y.S., Yang, M.S., Kim, D.H.,
2010. Surface-displayed expression of a neutralizing epitope of ApxIIA exotoxin
in saccharomyces cerevisiae and oral administration of it for protective immune
responses against challenge by Actinobacillus pleuropneumoniae. Biosci. Biotech-
nol. Biochem. 74, 1362-1367.

Kiyono, H., Fukuyama, S., 2004. NALT- versus Peyer’s-patch-mediated mucosal
immunity. Nat. Rev. Immunol. 4, 699-710.

Kunisawa, J., Nochi, T., Kiyono, H., 2008. Immunological commonalities and distinc-
tions between airway and digestive immunity. Trends Immunol. 29, 505-513.

Kunkel, E.J., Butcher, E.C., 2003. Plasma-cell homing. Nat. Rev. Immunol. 3, 822-829.

Kunkel, E.J., Campbell, ]J., Haraldsen, G., Pan, ]J.L.,, Boisvert, ]J., Roberts, A.lL, Ebert,
E.C., Vierra, M.A.,, Goodman, S.B., Genovese, M.C., Wardlaw, AJ]., Greenberg,
H.B., Parker, C.M., Butcher, E.C., Andrew, D.P., Agace, W.W., 2000. Lymphocyte
CC chemokine receptor 9 and epithelial thymus-expressed chemokine (TECK)
expression distinguish the small intestinal immune compartment: epithelial
expression of tissue-specific chemokines as an organizing principle in regional
immunity. J. Exp. Med. 192, 761-767.

Labbe, M., Charpilienne, A., Crawford, S.E., Estes, M.K., Cohen, J., 1991. Expression of
rotavirus-Vp2 produces empty corelike particles. J. Virol. 65, 2946-2952.

Lazarus, N.H., Kunkel, EJ., Johnston, B., Wilson, E., Youngman, K.R., Butcher,
E.C, 2003. A common mucosal chemokine (mucosae-associated epithelial
chemokine/CCL28) selectively attracts IgA plasmablasts. ]J. Immunol. 170,
3799-3805.

Lecce, ].G., Matrone, G., 1960. Porcine neonatal nutrition: the effect of diet on blood
serum proteins and performance of the baby pig. J. Nutr. 70, 13-20.

Lefrancois, L., Parker, C.M., Olson, S., Muller, W., Wagner, N., Schon, M.P., Puddington,
L., 1999. The role of beta7 integrins in CD8T cell trafficking during an antiviral
immune response. ]. Exp. Med. 189, 1631-1638.

Levast, B., Berri, M., Wilson, H.L., Meurens, F., Salmon, H., 2014. Development of gut
immunoglobulin A production in piglet in response to innate and environmental
factors. Dev. Comp. Immunol. 44, 235-244.

McDermott, M.R., Bienenstock, J., 1979. Evidence for a common mucosal immuno-
logic system I. Migration of B immunoblasts into intestinal, respiratory, and
genital tissues. J. Immunol. 122, 1892-1898.

McGhee, J.R., Mestecky, ]., Dertzbaugh, M.T., Eldridge, J.H., Hirasawa, M., Kiyono,
H., 1992. The mucosal immune system: from fundamental concepts to vaccine
development. Vaccine 10, 75-88.

Medina, E., Guzman, C.A., 2000. Modulation of immune responses following antigen
administration by mucosal route. FEMS Immunol. Med. Microbiol. 27, 305-311.

Mestecky, J., 1987. The common mucosal immune system and current strategies
for induction of immune responses in external secretions. J. Clin. Immunol. 7,
265-276.

Mestecky, J., McGhee, J.R., Michalek, S.M., Arnold, R.R., Crago, S.S., Babb, J.L., 1978.
Concept of the local and common mucosal immune response. Adv. Exp. Med.
Biol. 107, 185-192.

Meurens, F., Summerfield, A., Nauwynck, H., Saif, L., Gerdts, V.,2012. The pig: a model
for human infectious diseases. Trends Microbiol. 20, 50-57.

Mikhak, Z., Strassner, J.P., Luster, A.D., 2013. Lung dendritic cells imprint T cell lung
homing and promote lung immunity through the chemokine receptor CCRA4. J.
Exp. Med. 210, 1855-1869.

Mora, J.R., Bono, M.R., Manjunath, N., Weninger, W., Cavanagh, L.L., Rosemblatt, M.,
Von Andrian, U.H., 2003. Selective imprinting of gut-homing T cells by Peyer’s
patch dendritic cells. Nature 424, 88-93.

Mora, J.R., Iwata, M., Eksteen, B., Song, S.Y., Junt, T., Senman, B., Otipoby, K.L., Yokota,
A., Takeuchi, H., Ricciardi-Castagnoli, P., Rajewsky, K., Adams, D.H., von Andrian,
U.H., 2006. Generation of gut-homing IgA-secreting B cells by intestinal dendritic
cells. Science 314, 1157-1160.

Murtaugh, M.P., 2014. Advances in swine immunology help move vaccine technol-
ogy forward. Vet. Immunol. Immunopathol. 159, 202-207.

Mutwiri, G., Benjamin, P., Soita, H., Townsend, H., Yost, R., Roberts, B., Andrianov, A.K.,
Babiuk, L.A., 2007. Poly[di(sodium carboxylatoethylphenoxy)phosphazene]
(PCEP) is a potent enhancer of mixed Th1/Th2 immune responses in mice immu-
nized with influenza virus antigens. Vaccine 25, 1204-1213.

Mutwiri, G., Bowersock, T.L., Babiuk, L.A., 2005. Microparticles for oral delivery of
vaccines. Expert. Opin. Drug Deliv. 2, 791-806.

Nechvatalova, K., Kudlackova, H., Leva, L., Babickova, K., Faldyna, M., 2011. Transfer
of humoral and cell-mediated immunity via colostrum in pigs. Vet. Immunol.
Immunopathol. 142, 95-100.

Nguyen, T.V,, Yuan, L, Azevedo, M.S., Jeong, KI., Gonzalez, A.M., Saif, L]J., 2007.
Transfer of maternal cytokines to suckling piglets: in vivo and in vitro models
with implications for immunomodulation of neonatal immunity. Vet. Immunol.
Immunopathol. 117, 236-248.

O'Toole, D., Brown, I, Bridges, A., Cartwright, S.F., 1989. Pathogenicity of exper-
imental infection with ‘pneumotropic’ porcine coronavirus. Res. Vet. Sci. 47,
23-29.

Ogawa, Y., Oishi, E., Muneta, Y., Sano, A., Hikono, H., Shibahara, T., Yagi, Y., Shimoji,
Y., 2009. Oral vaccination against mycoplasmal pneumonia of swine using a live
Erysipelothrix rhusiopathiae vaccine strain as a vector. Vaccine 27, 4543-4550.

Pabst, R., Delventhal, S., Gebert, A., Hensel, A., Petzoldt, K., 1995. Lymphocyte subsets
in bronchoalveolar lavage after exposure to Actinobacillus pleuropneumoniae in
pigs previously immunized orally or by aerosol. Lung 173, 233-241.

Pabst, R., Rothkétter, H.J., 1999. Postnatal development of lymphocyte subsets
in different compartments of the small intestine of piglets. Vet. Immunol.
Immunopathol. 72, 167-173.

Pasetti, M.F., Simon, ].K., Sztein, M.B., Levine, M.M., 2011. Immunology of gut mucosal
vaccines. Immunol. Rev. 239, 125-148.

Pasternak, J.A., Ng, S.H., Wilson, H.L, 2014. A single, low dose oral antigen
exposure in newborn piglets primes mucosal immunity if administered with
CpG oligodeoxynucleotides and polyphosphazene adjuvants. Vet. Immunol.
Immunopathol., http://dx.doi.org/10.1016/j.vetimm.2014.08.006 (VETIMM-D-
14-1220).

Pensaert, M., Callebaut, P., Vergote, ]., 1986. Isolation of a porcine respiratory, non-
enteric coronavirus related to transmissible gastroenteritis. Vet. Q. 8, 257-261.

Raghavan, M., Gastinel, L.N., Bjorkman, PJ., 1993. The class-I major histocompat-
ibility complex related Fc receptor shows ph-dependent stability differences
correlating with immunoglobulin binding and release. Biochemistry 32,
8654-8660.

Reynolds, ].D., Morris, B., 1983. The evolution and involution of Peyer’s patches in
fetal and postnatal sheep. Eur. J. Immunol. 13, 627-635.

Rogers, C.S., Abraham, W.M., Brogden, K.A., Engelhardt, ].F., Fisher, ].T., McCray ]Jr.,
P.B., McLennan, G., Meyerholz, D.K., Namati, E., Ostedgaard, L.S., Prather, R.S.,
Sabater, J.R., Stoltz, D.A., Zabner, ]., Welsh, M.J., 2008. The porcine lung as a
potential model for cystic fibrosis. Am. ]J. Physiol. Lung Cell Mol. Physiol. 295,
L240-1263.

Rooke, J.A., Bland, .M., 2002. The acquisition of passive immunity in the new-born
piglet. Livest. Prod. Sci. 78, 13-23.

Rothkotter, H.-]., 2009. Anatomical particularities of the porcine immune system —
a physician’s view. Dev. Comp. Immunol. 33, 267-272.

Saif, L., Vancott, J., Brim, T., Lunney, J., 1993. Mucosal immunity evaluated by elispot
to 2 antigenically related porcine coronaviruses with distinct tissue tropisms. J.
Immunol. 150, A116.

Saif, LJ., 1996. Mucosal immunity: an overview and studies of enteric and respira-
tory coronavirus infections in a swine model of enteric disease. Vet. Immunol.
Immunopathol. 54, 163-169.

Saif, L., Yuan, L., Azevedo, M.S.P., Jeong, K.I., Gonzalez, A.M., losef, C., Van Nguyen,
T., Herrmann, J.E., 2003. Protective immunity induced by live attenuated (Att)
human rotavirus (HRV) priming and bovine rotavirus VP6 DNA boosting in a
gnotobiotic (Gn) pig model. FASEB J. 17, C320-C321.

Salmon, H., 2000. Mammary gland immunology and neonate protection in pigs.
Homing of lymphocytes into the MG. Adv. Exp. Med. Biol. 480, 279-286.

Salmon, H., Berri, M., Gerdts, V., Meurens, F., 2009. Humoral and cellular factors of
maternal immunity in swine. Dev. Comp. Immunol. 33, 384-393.

Schon, M.P., Arya, A., Murphy, E.A., Adams, C.M., Strauch, U.G., Agace, W.W., Marsal,
J., Donohue, J.P., Her, H., Beier, D.R., Olson, S., Lefrancois, L., Brenner, M.B., Grusby,
M.J., Parker, C.M., 1999. Mucosal T lymphocyte numbers are selectively reduced
in integrin alpha E (CD103)-deficient mice. J. Immunol. 162, 6641-6649.

Schulz, 0., Jaensson, E., Persson, E.K, Liu, X., Worbs, T., Agace, W.W., Pabst, O.,
2009. Intestinal CD103+, but not CX3CR1+, antigen sampling cells migrate
in lymph and serve classical dendritic cell functions. J. Exp. Med. 206,
3101-3114.

Shin, M.K,, Kang, M.L,, Jung, M.-H., Cha, S.B., Lee, W]., Kim, ]J.M., Kim, D.H., Yoo,
H.S., 2013. Induction of protective immune responses against challenge of
Actinobacillus pleuropneumoniae by oral administration with Saccharomyces
cerevisiae expressing Apx toxins in pigs. Vet. Immunol. Immunopathol. 151,
132-139.

Shin, SJ., Bae, J.L., Cho, YW, Lee, D.Y.,Kim, D.H., Yang, M.S., Jang, Y.S., Yoo, H.S., 2005.
Induction of antigen-specific immune responses by oral vaccination with Sac-
charomyces cerevisiae expressing Actinobacillus pleuropneumoniae ApxIIA. FEMS
Immunol. Med. Microbiol. 43, 155-164.

Shirkey, T.W., Siggers, R.H., Goldade, B.G., Marshall, ].K., Drew, M.D., Laarveld, B., Van
Kessel, A.G., 2006. Effects of commensal bacteria on intestinal morphology and
expression of proinflammatory cytokines in the gnotobiotic pig. Exp. Biol. Med.
231, 1333-1345.

Sinkora, M., Stepanova, K., Butler, J.E., Francis, D., Santiago-Mateo, K., Potockova, H.,
Karova, K., Sinkorova, J.,2011.Ileal Peyer’s patches are not necessary for systemic
B cell development and maintenance and do not contribute significantly to the
overall B cell pool in swine. J. Inmunol. 187, 5150-5161.

Sminia, T., Vanderbruggegamelkoorn, G.J., Jeurissen, S.H.M., 1989. Structure and
function of bronchus-associated lymphoid-tissue (Balt). Crit. Rev. Immunol. 9,
119-150.

Snoeck, V., Huyghebaert, N., Cox, E., Vermeire, A., Vancaeneghem, S., Remon, J.P.,
Goddeeris, B.M., 2003. Enteric-coated pellets of F4 fimbriae for oral vaccina-
tion of suckling piglets against enterotoxigenic Escherichia coli infections. Vet.
Immunol. Immunopathol. 96, 219-227.

Stagg, AJ., Kamm, M.A,, Knight, S.C., 2002. Intestinal dendritic cells increase T cell
expression of alpha4beta?7 integrin. Eur. J. Inmunol. 32, 1445-1454.

Stirling, C.MLA., Charleston, B., Takamatsu, H., Claypool, S., Lencer, W., Blumberg,
R.S., Wileman, T.E., 2005. Characterization of the porcine neonatal Fc receptor -
potential use for trans-epithelial protein delivery. Immunology 114, 542-553.

Stock, A., Napolitani, G., Cerundolo, V., 2013. Intestinal DC in migrational imprinting
of immune cells. Immunol. Cell Biol. 91, 240-249.

Stone, S.S., Kemeny, L.J., Jensen, M.T., 1982. Serum antibody responses of neonatal
and young adult pigs to transmissible gastroenteritis coronavirus. Vet. Immunol.
Immunopathol. 3, 529-533.


http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0200
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0205
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0210
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0215
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0220
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0225
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0230
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0235
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0240
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0245
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0250
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0255
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0260
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0265
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0270
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0275
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0280
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0285
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0290
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0295
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0300
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0305
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0310
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0315
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0320
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0325
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0330
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0335
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0340
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0345
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0350
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0355
dx.doi.org/10.1016/j.vetimm.2014.08.006
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0365
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0370
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0375
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0380
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0385
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0390
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0395
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0400
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0405
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0410
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0415
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0420
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0425
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0430
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0435
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref9040
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0440
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0445
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0450
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0455
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0460
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0465
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0470

34 H.L. Wilson, M.R. Obradovic / Molecular Immunology 66 (2015) 22-34

Storgaard, T., Oleksiewicz, M., Botner, A., 1999. Examination of the selective pres-
sures on a live PRRS vaccine virus. Arch. Virol. 144, 2389-2401.

Strobel, S., Ferguson, A., 1985. Oral tolerance - induction and modulation. Klin.
Padiatr. 197, 297-301.

Strobel, S., Mowat, A.M., 1998. Immune responses to dietary antigens: oral tolerance.
Immunol. Today 19, 173-181.

Svensson, M., Marsal, J., Ericsson, A., Carramolino, L., Broden, T., Marquez, G.,
Agace, W.W,, 2002. CCL25 mediates the localization of recently activated
CD8alphabeta(+) lymphocytes to the small-intestinal mucosa.]. Clin. Invest. 110,
1113-1121.

Swindle, M.M., Smith, A.C., Hepburn, B.J., 1988. Swine as models in experimental
surgery. ]. Invest. Surg. 1, 65-79.

Thacker, E.L., Thacker, B.J., Kuhn, M., Hawkins, P.A., Waters, W.R., 2000. Evaluation
of local and systemic immune responses induced by intramuscular injection of
a Mycoplasma hyopneumoniae bacterin to pigs. Am. . Vet. Res. 61, 1384-1389.

Vancott, J.L, Brim, T.A,, Lunney, J.K, Saif, LJ., 1994. Contribution of antibody-
secreting cells induced in mucosal lymphoid-tissues of pigs inoculated with
respiratory or enteric strains of coronavirus to immunity against enteric coro-
navirus challenge. J. Immunol. 152, 3980-3990.

Verdonck, F., De Hauwere, V., Bouckaert, J., Goddeeris, B.M., Cox, E., 2005a. Fimbriae
of enterotoxigenic Escherichia coli function as a mucosal carrier for a coupled
heterologous antigen. J. Control. Release 104, 243-258.

Verdonck, F., Snoeck, V., Goddeeris, B.M., Cox, E., 2005b. Cholera toxin improves the
F4(K88)-specific immune response following oral immunization of pigs with
recombinant FaeG. Vet. Inmunol. Immunopathol. 103, 21-29.

Ward, LA, Yuan, LJ., Rosen, B.I, To, L.T., Saif, LJ., 1996. Development of mucosal
and systemic lymphoproliferative responses and protective immunity to human
group a rotaviruses in a gnotobiotic pig mode. Clin. Diagn. Lab. Immunol. 3,
342-350.

Weisz-Carrington, P., Roux, M.E., McWilliams, M., Jm, P.H.-Q., Lamm, M.E., 1979.
Organ and isotype distribution of plasma cells producing specific antibody after
oral immunization: evidence for a generalized secretory immune system. J.
Immunol. 123, 1705-1708.

Yokota, A., Takeuchi, H., Maeda, N., Ohoka, Y., Kato, C., Song, S.Y., Iwata, M., 2009.
GM-CSF and IL-4 synergistically trigger dendritic cells to acquire retinoic acid-
producing capacity. Int. Immunol. 21, 361-377.

Yuan, L., Azevedo, M.S.P., Gonzalez, A.M., Jeong, K.-1., Van Nguyen, T., Lewis, P., losef,
C., Herrmann, J.E., Saif, LJ., 2005. Mucosal and systemic antibody responses and
protection induced by a prime/boost rotavirus-DNA vaccine in a gnotobiotic pig
model. Vaccine 23, 3925-3936.

Yuan, L, Kang, S.Y., Ward, L.A., To, T.L, Saif, L]J., 1998. Antibody-secreting cell
responses and protective immunity assessed in gnotobiotic pigs inoculated
orally or intramuscularly with inactivated human rotavirus. J. Virol. 72,
330-338.

Yuan, L., Saif, L], 2002. Induction of mucosal immune responses and protection
against enteric viruses: rotavirus infection of gnotobiotic pigs as a model. Vet.
Immunol. Immunopathol. 87, 147-160.

Yuan, L, Ward, LA, Rosen, B.L, To, T.L, Saif, LJ., 1996. Systematic and intesti-
nal antibody-secreting cell responses and correlates of protective immunity
to human rotavirus in a gnotobiotic pig model of disease. ]. Virol. 70,
3075-3083.

Yuan, LJ., Geyer, A., Hodgins, D.C,, Fan, Z.Q., Qian, Y., Chang, K.O., Crawford, S.E.,
Parreno, V., Ward, L.A., Estes, M.K,, Conner, M.E., Saif, L.J., 2000. Intranasal admin-
istration of 2/6-rotavirus-like particles with mutant Escherichia coli heat-labile
toxin (LT-R192G) induces antibody-secreting cell responses but not protective
immunity in gnotobiotic pigs. J. Virol. 74, 8843-8853.

Yuan, L]., losef, C., Azevedo, M.S.P.,Kim, Y.J.,Qian, Y., Geyer, A., Van Nguyen, T., Chang,
K.0,, Saif, L]J., 2001. Protective immunity and antibody-secreting cell responses
elicited by combined oral attenuated Wa human rotavirus and intranasal Wa
2/6-VLPs with mutant Escherichia coli heat-labile toxin in gnotobiotic pigs. J.
Virol. 75, 9229-9238.

Zhang, L., Tian, X, Zhou, F., 2007. Intranasal administration of CpG oligonucleotides
induces mucosal and systemic Type 1 immune responses and adjuvant activity
to porcine reproductive and respiratory syndrome killed virus vaccine in piglets
in vivo. Int. Immunopharmacol. 7, 1732-1740.


http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0475
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0480
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0485
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0490
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0495
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0500
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0505
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0510
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0515
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0520
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0525
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0530
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0535
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0540
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0545
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0550
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0555
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0560
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565
http://refhub.elsevier.com/S0161-5890(14)00240-5/sbref0565

