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Streptococcus  pyogenes  is  an important  global  pathogen,  causing  considerable  morbidity  and  mortality,
especially  in  low  and  middle  income  countries  where  rheumatic  heart  disease  and  invasive  infections  are
eywords:
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accine
heumatic fever

common.  There  is  a number  of  promising  vaccine  candidates,  most  notably  those  based  on  the  M  protein,
the key  virulence  factor  for the  bacterium.  Vaccines  against  Streptococcus  pyogenes  are  considered  as
impeded  vaccines  because  of a number  of  crucial  barriers  to development.  Considerable  effort  is needed
by  key  players  to bring  current  vaccine  candidates  through  phase  III clinical  trials  and  there  is a clear
need  to  develop  a roadmap  for future  development  of current  and  new  candidates.

©  2016  World  Health  Organization;  licensee  Elsevier  Ltd. This  is  an  open  access  article  under  the  CC
BY  license  (http://creativecommons.org/licenses/by/3.0/).
. Introduction

Streptococcus pyogenes or Group A Streptococcus (GAS) causes
 massive disease burden that has been underestimated by global
ealth authorities. A 2005 study estimated that there are >500,000
eaths annually due to the bacteria, mostly occurring in low and
iddle income countries [1].
The agent is a Gram-positive bacterium with the human as its
nique reservoir and an array of virulence factors allowing for a
ery broad spectrum of clinical expression. The nasopharyngeal
ucosa and the skin, the two principal sites of asymptomatic
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264-410X/© 2016 World Health Organization; licensee Elsevier Ltd. This is an open acce
colonization of GAS, represent the primary reservoirs responsi-
ble for the maintenance and transmission of GAS to a new host.
The ability of GAS to colonize and persist in skin tissue permits
transmission through person-to-person contact. GAS can also over-
come innate and acquired immune mechanisms present in saliva to
remain viable for long periods, enabling transmission from infected
persons or asymptomatic carriers via respiratory droplets [2]. In
addition, numerous outbreaks caused by food-borne GAS  have also
been reported [2].

GAS bacteria are able to penetrate normal tissue barriers lead-
ing to invasive infection at local (e.g. retropharyngeal abscess or
necrotizing fasciitis) as well as distant sites (e.g. septic arthritis). It
produces an array of superantigens that can result in streptococ-
cal toxic shock syndrome, which carries a high case fatality rate

(>50%). In addition, invasive GAS disease is a frequent cause of sep-
sis in children and adults and has a high-case fatality rate leading
to at least 150,000 deaths annually worldwide, although this figure
is almost certainly an underestimate because of sparse data from
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any developing countries [1]. GAS can also cause invasive infec-
ion in infants (neonatal sepsis) and the mother (puerperal sepsis);
ndeed, in the UK, GAS has been reported as the leading single cause
f maternal death [3].

The immune response to GAS can be disordered and early symp-
omatic infection can lead to later, so called post-streptococcal
equelae, including acute rheumatic fever (ARF) that in turn
eads to chronic rheumatic heart disease (RHD), as well as
ost-streptococcal glomerulonephritis (PSGN). ARF/RHD is an
ncommon disease today in most resource-rich countries including
he United States, but it remains the major cause of acquired heart
isease in children, adolescents and young adults in the developing
orld, responsible for at least 350,000 premature deaths per year

4]. Available data on the prevalence of RHD suggest that there are
ver 30 million people affected by RHD worldwide. PSGN is thought
o contribute to the high rates of end-stage renal failure in GAS
ndemic regions [5].

GAS pharyngitis and impetigo are responsible for the greatest
bsolute number of symptomatic GAS infections each year. GAS
haryngitis affects approximately 8–15% of school-aged children
er year, whereas GAS impetigo is a very common infection in chil-
ren, especially in tropical developing countries with a prevalence
f >10%, and even over 50% in some settings [6].

GAS remains susceptible to penicillin. In spite of its widespread
se there is no evidence to suggest the burden of GAS diseases

s decreasing in low and middle-income settings. Serious chronic
isease associated with streptococcal disease has decreased in inci-
ence in high income countries in most populations. Antibiotic
reatment of pharyngitis is highly effective at preventing ARF [7],
owever primary prevention programmes are resource intensive
specially for low and middle income countries [8,9]. Furthermore,
any cases (possibly over 60%) of ARF occur without a history of

ymptomatic pharyngitis, and it has been hypothesized that GAS
kin infection may  also contribute to ARF [10]. For those diag-
osed with ARF, secondary penicillin prophylaxis is effective in
reventing recurrent ARF episodes and consequent worsening of
HD when efficiently delivered [11], but it requires monthly peni-
illin injections over many years [8].

Serious GAS diseases do appear to be waning in some middle-
ncome countries, probably because of improved living conditions
nd access to health services. However, GAS diseases continue to
xact a toll in terms of mortality, morbidity and economic costs,
ven in wealthy countries, such as the important contribution of
nvasive GAS disease to maternal mortality in the United Kingdom
3].

Data are sparse on the economic burden of GAS disease, though
 recent study in Fiji found that the cost of RHD mortality over a

 year period was over US$30 million, close to one third of one
ercent of total GDP, representing a significant economic burden
or the country [12]. An economic evaluation of interventions for
RF/RHD found that a vaccine against GAS would be the most cost-
ffective intervention for ARF/RHD in ARF-endemic regions at a cost
f between US$137–458 per DALY averted, assuming 80% efficacy
nd 65–95% coverage (compared with 22–33 thousand dollars for
reatment of sore throat) [13]. Even wealthy countries are affected –

 study of GAS pharyngitis in the US suggested that GAS pharyngitis
osts at least US$500 million per annum [14]. Few data are available
or impetigo, invasive disease, scarlet fever and PSGN.

Better epidemiologic data are still needed in most developing
ountries, particularly on the contribution of RHD to premature
ortality and long term sequelae [15], and on the rate and mortality

f invasive disease, especially in the newborn and the new mother.

ata regarding strain diversity of the bacteria are also needed in
any low and middle income countries. Even with these limita-

ions, the current data on disease burden make a convincing case
or the need for an effective vaccine that could offer a practical
 (2016) 2953–2958

strategy for disease control and prevention, especially for ARF and
RHD.

2. Overview of current efforts

2.1. Biological feasibility for vaccine development

Although there are no currently licensed GAS vaccines, the bio-
logical feasibility for GAS vaccine development is supported by a
number of observations including the natural history of GAS infec-
tion, available serologic data from natural history studies, animal
data from pre-clinical studies, and evidence of protection from
challenge in human subjects immunized with purified M proteins.

Pre-school and school-aged children experience repeated
episodes of GAS pharyngitis and skin infection until they reach
early adulthood when these infections become far less common,
indicating that immunity to infection develops with age. One expla-
nation for this observation is that immunity is type-specific – that
is, that when a person is infected by a strain of GAS (most commonly
referred to as an M-type/emm-type) the immune response protects
them against subsequent infection due to the homologous type,
but not or less completely against heterologous types [16,17]. Over
time individuals meet multiple types of GAS and develop immu-
nity against these multiple types. An alternate or complementary
explanation is that generation of immunity requires repeated
presentation of conserved antigens before a threshold level of pro-
tective immunity is achieved. There is no direct evidence for the
latter explanation and it is not mutually exclusive with the former.

The paradigm of type-specific immunity is further supported
by elegant longitudinal studies that have observed that infection
with a single strain of GAS leads to generation of strain specific
(M-protein) antibodies that lead to a long period (up to 30 years)
of protection against the homologous strains but not against other
strains [16].

Pre-clinical (murine) studies of GAS vaccine candidates (pre-
dominantly M protein vaccines) have demonstrated protection in
challenge studies [18]. Further, subjects vaccinated with purified
M proteins from GAS were protected against challenge with vir-
ulent homologous strain of GAS [19–21]. These GAS pharyngeal
challenge studies, involving a total of 178 healthy adult volunteers
in 3 separate studies were successfully used to demonstrate efficacy
of prototype M protein vaccines in the 1970s. Vaccine efficacy of up
to 89% was demonstrated in these studies [19]. Importantly, GAS
challenge was  safe, with all participants responding to penicillin
therapy without complications or sequelae developing.

2.2. Serotype/strain coverage

A potential barrier to a type-specific M protein-based vaccine
is that there are >200 emm-types of GAS (the N-terminal part of
the M protein has a variable amino acid sequence resulting in anti-
genic diversity and is the basis for this widely used nucleotide based
emm-typing scheme). If type-specific antibody protection is the
major mechanism by which immunity is generated against GAS
then this clearly raises the issue of potential coverage for type-
specific vaccines. This was  highlighted in an article published in
2009 that identified that the distribution of emm-types was quite
different in developing compared to developed settings [22]. The
study observed that there was a higher diversity of strains in lower
to middle income settings versus high income settings, and indi-
cated that the theoretical coverage of a 26-valent (combination of

specific strains) vaccine would be favourable in developed sett-
ings (>72%) while strain coverage would be much lower in settings
were serious GAS disease is more common (e.g. Africa 39% and
Pacific 24%). However, recent data from epidemiologic, genomic



cine 34

a
p
i
a
p
t
e
i
u
r
a

2
f

m
t
s
i
i
f
o
s
v
a
s
s
M
t
m

d
a
m
a
m
n
e

3

n
r
m
a
r
c
i
u
d
b
l

i
u
t
a
p
a
d
T
t
c

A.C. Steer et al. / Vac

nd in vitro studies suggest that there may  be immunologic “cross-
rotection” between emm-types of GAS that may  overcome this

ssue [23,24]. The hypothesis for this cross-protection is that
ntibodies generated against individual emm-types may  actually
rovide some protection against a selection of heterologous emm-
ypes. It is proposed that this cross-protection occurs within 48
mm-clusters [23]. There is ongong investigation in this area but
t does provide some hope for a broadly effective vaccine based
sing a type-specific approach. There are fewer epidemiologic data
egarding coverage based on the presence or absence of conserved
ntigens.

.3. General approaches to vaccine development for this disease
or low and middle income country markets

ARF occurs predominantly in school-aged children in low and
iddle-income countries because that is the age-group in which

he triggering infection (GAS pharyngitis) occurs, although in some
ettings it is hypothesized that earlier skin infection may  prime the
mmune system [25]. Invasive disease occurs in all ages, with an
ncreased incidence in infants and the elderly. PSGN occurs most
requently in pre-school children, reflecting the greatest burden
f the triggering infection (GAS impetigo). Therefore, while con-
ensus in the field has not been reached on a target age group for
accination, an infant or toddler schedule will likely be the most
ppropriate schedule for most endemic settings, possibly with a
chool entry booster dose. In non-endemic settings, a school entry
chedule that coincides with the schedule for final TDap, IPV, and
MR doses may  be appropriate. In areas where GAS is an impor-

ant cause of maternal and neonatal sepsis, maternal immunization
ay  also be considered.
A successful vaccine could address a huge unmet public health

emand, and a vaccine that can prevent ARF (and thus RHD) as well
s invasive GAS disease has the potential to save over 500,000 pre-
ature deaths per year. In addition, prevention of GAS pharyngitis

nd impetigo would have an enormous impact on reductions in
orbidity through improved quality of life as well as a major eco-

omic impact through reduced health care expenditure on these
xceedingly common infectious disease problems of childhood.

. Technical and regulatory assessment

Despite considerable progress, there remain a number of sig-
ificant barriers to GAS vaccine development and candidates
emain in their infancy [26]. There is no clear pathway agreed by
ulti-disciplinary consensus for a pathway for vaccine licensure,

lthough global efforts are beginning to come together through a
udimentary roadmap for vaccine development [26,27]. GAS vac-
ines are now considered “impeded vaccines”. The major issues
nclude, but are not limited to: safety concerns, an incomplete
nderstanding of immune protection in humans, inadequate epi-
emiological data, minimal development of vaccines that contain
oth type-specific emm  antigens and conserved antigens and

imited commercial interest.
A particular issue is development of a correlate of human

mmune protection [28], reflecting the need for an improved
nderstanding of GAS immunity, including the immune response
o GAS skin infection, the role of T-cell immunity and the rel-
tive contributions of common conserved antigens in inducing
rotective immunity. Opsonophagocytic antibodies or bactericidal
ntibodies are potential correlates, but reliable and repro-

ucible assays to measure these antibodies are lacking [28].
he most frequently used functional assay is the indirect bac-
ericidal test, which is a time-consuming and methodologically
hallenging test. The establishment of correlates of protection
 (2016) 2953–2958 2955

would be much facilitated by the availability of an effective
vaccine.

Concerns regarding vaccine safety are based upon a theoretical
risk of autoimmune reactions in vaccinees leading to the devel-
opment of ARF. One small study of a crude M protein vaccine
suggested that there may  be an increased risk of ARF in vac-
cine recipients [29]; however, there are a number of concerns
about the design of this trial that make it difficult to inter-
pret, and autoimmune reactions have not been observed in the
other human GAS vaccine trials involving thousands of study
subjects [18].

Better epidemiologic data are also required, for assessing burden
of disease to strengthen the case for GAS vaccine development, and
also for assessing type diversity and thus vaccine coverage more
systematically with high quality, standardized molecular typing
studies in more countries, particularly in Africa and Asia.

Combination vaccines may  be a viable approach to overcoming
“gaps” in emm type coverage achieved with multivalent vaccines
alone and to potentially broaden the immune response. However,
to date there has been minimal progress in combining antigens in
a single vaccine [30], and such a move would need to overcome
proprietary interests and intellectual property rights. It is unclear
exactly why  there has been an apparent reluctance of large phar-
maceutical companies to invest in clinical development of GAS
vaccines. The obstacles listed above, together with the percep-
tion of a questionable market for a vaccine in affluent countries,
likely combine to create the impression of adverse commercial
risk.

Although the ultimate health need is for a vaccine to protect
against ARF/RHD and invasive disease, the relatively low incidence
of these diseases and the time delay between the initiating event
and disease makes these diseases potentially difficult endpoints for
phase III efficacy studies because trials would be complicated and
require well over 10,000 subjects [31]. However, protective effi-
cacy against pharyngitis is a realistic efficacy endpoint for candidate
GAS vaccines in phase III trials and prevention of GAS pharyn-
gitis should enable licensure of efficacious and medically useful
vaccines. Importantly, GAS pharyngitis is well established as the
triggering event for ARF, and so prevention of pharyngitis can rea-
sonably be assumed to translate to prevention of ARF.

A potential strategy to improve understanding of GAS immunol-
ogy and also to create a pathway for relatively rapid testing of
new GAS vaccine candidates is through the development of human
GAS (pharyngeal) challenge studies. Previous studies (in the 1970s)
in over 170 volunteers have shown that this approach is feasible
[19–21], and proposals are under consideration for funding for a
revival of this approach.

4. Status of vaccine research and development activities

GAS vaccines can be broadly divided into M protein-based and
non-M protein-based vaccines. The GAS has a broad armamen-
tarium of virulence factors, but it is the M protein that is the
major virulence determinant of the organism. The M protein is a
coiled-coil protein consisting of 3 domains: an A-repeat/N-terminal
domain, which is highly variable and is used for epidemiologic
molecular typing (emm typing); a B-repeat domain (antibodies
against this region are not opsonic and some are cross-reactive
with human tissues) and a conserved C-repeat domain. The vac-
cines that have entered or are nearing clinical investigation are the
N-terminal M protein-based multivalent vaccines (26-valent and

30-valent vaccines) and conserved M protein vaccines (the J8 vac-
cine and the StreptInCor vaccine) [32–35]. There are a variety of
other vaccine candidates that are at various stages of discovery and
development (Table 1).
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Table 1
Development status of current vaccine candidates (*approaching trials).

Candidate name/Identifier Stage of development Reference

Pre-clinical Phase I Phase II

M protein: 6-valent
N-terminal

X X [36]

M protein: 26-valent
N-terminal

X X X [32]

M protein: 30-valent
N-terminal

X * [33]

M protein: minimal epitope
J8

X X [34]

M protein: minimal epitope
J14/p145

X [45]

M protein: C-repeat epitope
(StreptInCor)

X * [38]

M protein: C-repeat epitopes X [46]
Three conserved antigens

(Combo)
X [43]

GAS carbohydrate X [47]
GAS carbohydrate defective

for GlcNAc side-chain
X [48]

GAS C5a peptidase X [49]
Fibronectin-binding protein X [50,51]
Streptococcal protective

antigen
X [32]

Serum opacity factor X [52]
Streptococcal pyrogenic

exotoxin A/B/C
X [53–55]

Streptococcal pili (T antigen) X [56,57]
Serine protease (SpyCEP) X [58]
Nine common antigens X [42]
Identified but untested

antigens: G-related
�2-macroglobulin binding
(GRAB) protein, metal
transporter of
streptococcus (MtsA),
superoxidase dismutase,
lipoproteins

[59,60]
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cines against group A Streptococcus) [44]. The aim of CANVAS is to
evaluate potential GAS vaccine candidates for their potential to pro-
.1. 26-Valent and 30-valent M protein vaccines

These vaccines consist of fused recombinant peptides from the
-terminal region of M proteins from multiple different emm types
f GAS [32,33,36]. The original prototype multivalent vaccine was

 hexavalent vaccine that was evaluated in a phase I trial and later
xpanded to a 26-valent vaccine and most recently a 30-valent vac-
ine. The 26-valent vaccine underwent a phase I/II clinical trial in
uman adult volunteers and was shown to be safe and immuno-
enic [32]. Functional opsonic antibodies were induced against
ll emm  types of GAS in the vaccine. The 26-valent vaccine was
eformulated into a 30-valent vaccine to increase “coverage” of cir-
ulating emm types in the United States, Canada and Europe as well
s developing countries [33]. Epidemiologic surveys suggest that
he 26-valent vaccine would provide good coverage of circulating
trains of GAS in industrialized countries (over 72%) but poor cov-
rage in many developing countries (as low as 24% in the Pacific
egion) [22]. In preclinical studies, the 30-valent vaccine has been
hown to induce functional opsonic antibodies against all of the
mm types represented in the vaccine [24]. An intriguing finding
f the studies of the 30-valent vaccine is that antibodies produced
y the vaccine were shown to cross-opsonize a proportion of non-
accine emm  types of GAS [24], implying that cross-protection may
itigate, to a greater or lesser extent, the limited coverage of the

0-valent vaccine in many tropical developing settings where GAS
isease is endemic. A phase I clinical evaluation of the 30-valent

accine in adult volunteers is anticipated in the third quarter of
015.
 (2016) 2953–2958

4.2. Conserved M protein vaccines

These vaccines contain antigens from the conserved C-repeat
portion of the M protein. The StreptInCor vaccine incorporates
selected T and B-cell epitopes from the C-repeat region in a
synthetic 55 amino acid polypeptide, whereas the J8 and J14 vac-
cines contain shorter single minimal B cell epitopes from this
same region [37,38]. These vaccines have the clear advantage
of being comprised of a minimal number of antigens. Extensive
studies in mice, particularly of the J8 vaccine candidate, have
shown that these antigens produce opsonic antibodies that protect
against intraperitoneal challenge when the vaccine is administered
parenterally and against intranasal challenge when the vaccine is
administered intranasally [34,39]. The J8 vaccine has recently been
re-formulated with a CXC chemokine protease which was  able to
protect mice against both intraperitoneal challenge and also against
skin infection in a novel pyoderma mouse model [40]. Limited
epidemiological data available for the J8 peptide indicate that its
sequence is highly conserved among multiple emm  types of GAS
and across regions [41]. The J8 vaccine entered a phase 1 trial in
adult volunteers in 2013 but the results of this trial have not yet
been reported. The StreptinCor vaccine has been formulated into
GMP StreptInCor plus alum with plans to enter phase I clinical
assays in healthy adult volunteers in Brazil in 2016.

4.3. Other vaccines

Cell wall and secreted virulence factors, such as streptococcal
C5a peptidase, GAS carbohydrate and streptococcal fibronectin-
binding proteins, among others, have been the subject of vaccine
research for up to 20 years with some encouraging results, par-
ticularly for C5a peptidase, but none of these candidates has
entered clinical trials [18]. More recently, a number of promis-
ing, apparently conserved, vaccine candidates have been identified
using immunization of mice with GAS gene segments [42]. In a
large study, immunization of mice with GAS gene segments and
challenge studies, identified several known and new antigens,
among them three antigens were selected for further development:
spy0416 (spyCEP), spy0167 (streptolysin O, SLO) and spy0269, a
surface exclusion protein [43]. These three antigens were combined
together in a single vaccine (so-called “Combo”) and were found
to provide broad coverage against multiple GAS strains in mouse
models [43]. Combo has not yet entered clinical trials however.

5. Likelihood for financing

GAS vaccine development has been supported in the past by
industry (e.g. Merck support of the J8 vaccine and of the 26-valent
vaccine, ID Biomedical Corporation support of the 26-valent vac-
cine, Novartis Vaccines and Diagnostics, now GSK, support of the
Combo vaccine and Intercell, now Valneva of a similar vaccine
approach). The National Institute of Allergy and Infectious Dis-
eases (NIAID) at the US National Institutes for Health supported the
development of potential clinical trial sites in 2005–7 (Fiji, Mali,
Nicaragua, and South Africa). The Novartis Vaccines Institute for
Global Health (NVGH) included GAS vaccine development in its
2013 work programme.

In 2014 the Australian and New Zealand governments made
an initial AU$ 3 million investment into vaccine development in
these 2 countries where RHD is a public health priority through
an initiative known as CANVAS (Coalition to Advance New Vac-
tect populations around the world with high rates of GAS diseases,
and to support the most promising candidate(s) through phase I
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nd II clinical trials and, hopefully, to an efficacy study against GAS
haryngitis. The Initiative is also developing a core set of GAS strains
hat a candidate vaccine should demonstrate protection against,
nd an independent functional antibody assay that can be used for
ll GAS vaccines in development. This will coincide with an eco-
omic evaluation to make a case for investment in a GAS vaccine,
nd work to engage industry partners and international agencies
n the hope that demonstration of feasibility and safety of a GAS
accine will encourage further investment to ensure a vaccine is
ade available.
Moving forward it will be important to gain the interest and

upport of funders with a track record in supporting vaccine devel-
pment for organisms that cause a significant burden of disease in
ow and middle income countries such as the Bill and Melinda Gates
oundation, the Wellcome Trust, NIAID, PATH, GAVI and others.

Conflict of interest: ACS, JRC, JDF, NJM, EKM, FS and PRS are all
nvestigators or advisers to the CANVAS initiative. JBD is the lead
eveloper of the 30 valent M-type specific vaccine. MFG  is the lead
eveloper of the J8 vaccine. LG is the lead developer of the Strept-

nCor vaccine.

eferences

[1] Carapetis JR, Steer AC, Mulholland EK, Weber M.  The global burden of Group A
Streptococcal diseases. Lancet Infect Dis 2005;5:685–94.

[2] Walker MJ,  Barnett TC, McArthur JD, Cole JN, Gillen CM,  Henningham A, et al.
Disease manifestations and pathogenic mechanisms of Group A Streptococcus.
Clin Microbiol Rev 2014;27:264–301.

[3] Cantwell R, Clutton-Brock T, Cooper G, Dawson A, Drife J, Garrod D, et al. Sav-
ing  mothers’ lives: reviewing maternal deaths to make motherhood safer:
2006–2008. The eighth report of the confidential enquiries into maternal
deaths in the United Kingdom. BJOG 2011;118(Suppl. 1):1–203.

[4] Lozano R, Naghavi M,  Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global
and  regional mortality from 235 causes of death for 20 age groups in 1990 and
2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet
2012;380:2095–128.

[5] White AV, Hoy WE,  McCredie DA. Childhood post-streptococcal glomeru-
lonephritis as a risk factor for chronic renal disease later in life. Med  J Aust
2001;174:492–6.

[6] Romani L, Steer AC, Whitfeld MJ,  Kaldor JM.  Prevalence of scabies and impetigo
worldwide: a systematic review. Lancet Infect Dis 2015;15:960–7.

[7] Robertson KA, Volmink JA, Mayosi BM.  Antibiotics for the primary prevention
of  acute rheumatic fever: a meta-analysis. BMC  Cardiovasc Disord 2005;31:11.

[8] Karthikeyan G, Mayosi BM.  Is primary prevention of rheumatic fever the
missing link in the control of rheumatic heart disease in Africa. Circulation
2009;120:709–13.

[9] Carapetis JR. Letter by Carapetis regarding article. Is primary prevention of
rheumatic fever the missing link in the control of rheumatic heart disease in
Africa? Circulation 2010;121:e384 [author reply e5].

10] Parks T, Smeesters PR, Steer AC. Streptococcal skin infection and rheumatic
heart disease. Curr Opin Infect Dis 2012;25:145–53.

11] Manyemba J, Mayosi BM.  Penicillin for secondary prevention of rheumatic
fever. Cochrane Database Syst Rev 2002:CD002227.

12] Parks T, Kado JHH, Miller AE, Ward B, Heenan R, Colquhoun SM,  et al. Rheumatic
heart disease-attributable mortality at ages 5–69 years in Fiji: a five-year,
national, population-based record-linkage cohort study. PLoS Neglect Trop Dis
2015;15(9):e4033.

13] Remenyi B, Carapetis J, Wyber R, Taubert K, Mayosi BM, World Heart Federation.
Position statement of the World Heart Federation on the prevention and control
of rheumatic heart disease. Nat Rev Cardiol 2013;10:284–92.

14] Pfoh E, Wessels MR,  Goldmann D, Lee GM.  Burden and economic cost of Group
A Streptococcal pharyngitis. Pediatrics 2008;121:229–34.

15] Zuhlke L, Engel ME, Karthikeyan G, Rangarajan S, Mackie P, Cupido B, et al.
Characteristics, complications, and gaps in evidence-based interventions in
rheumatic heart disease: the Global Rheumatic Heart Disease Registry (the
REMEDY study). Eur Heart J 2015;36:1115–22.

16] Lancefield RC. Persistence of type-specific antibodies in man  following infection
with Group A Streptococci. J Exp Med  1959;110:271–92.

17] Lancefield RC. Current knowledge of the type specific M antigens of Group A
Streptococci. J Immunol 1962;89:307–13.

18] Steer AC, Batzloff M,  Mulholland EK, Carapetis JR. Group A Streptococcal vac-
cines: facts versus fantasy. Curr Opin Infect Dis 2009;22:544–52.

19] Fox EN, Waldman RH, Wittner MK,  Mauceri AA, Dorfman A. Protective study

with a Group A Streptococcal M protein vaccine. Infectivity challenge of human
volunteers. J Clin Invest 1973;52:1885–92.

20] Polly SM,  Waldman RH, High P, Wittner MK,  Dorfman A. Protective studies with
a  Group A Streptococcal M protein vaccine. II. Challenge of volunteers after local
immunization in the upper respiratory tract. J Infect Dis 1975;131:217–24.

[

 (2016) 2953–2958 2957

21] D’Alessandri R, Plotkin G, Kluge RM,  Wittner MK,  Fox EN, Dorfman A, et al.
Protective studies with Group A Streptococcal M protein vaccine. III. Challenge
of  volunteers after systemic or intranasal immunization with type 3 or type 12
Group A Streptococcus. J Infect Dis 1978;138:712–8.

22] Steer AC, Law I, Matatolu L, Beall BW,  Carapetis JR. Global emm type distribu-
tion of Group A Streptococci: systematic review and implications for vaccine
development. Lancet Infect Dis 2009;9:611–6.

23] Sanderson-Smith M,  De Oliveira DM,  Guglielmini J, McMillan DJ, Vu T, Holien JK,
et  al. A systematic and functional classification of Streptococcus pyogenes that
serves as a new tool for molecular typing and vaccine development. J Infect Dis
2014;210:1325–38.

24] Dale JB, Penfound TA, Tamboura B, Sow SO, Nataro JP, Tapia M, et al. Poten-
tial coverage of a multivalent M protein-based Group A Streptococcal vaccine.
Vaccine 2013;31:1576–81.

25] McDonald M,  Currie BJ, Carapetis JR. Acute rheumatic fever: a chink in the chain
that links the heart to the throat. Lancet Infect Dis 2004;4:240–5.

26] Steer AC, Dale JB, Carapetis JR. Progress toward a global Group A Streptococcal
vaccine. Pediatr Infect Dis J 2013;32:180–2.

27] Dale JB, Fischetti VA, Carapetis JR, Steer AC, Sow S, Kumar R, et al. Group A
Streptococcal vaccines: paving a path for accelerated development. Vaccine
2013;31(Suppl. 2):B216–22.

28] Tsoi SK, Smeesters PR, Frost HR, Licciardi P, Steer AC. Correlates of protection
for  M protein-based vaccines against Group A Streptococcus. J Immunol Res
2015;2015:167089.

29] Massell BF, Honikman LH, Amezcua J. Rheumatic fever following streptococcal
vaccination. Report of three cases. JAMA 1969;207:1115–9.

30] Penfound TA, Chiang EY, Ahmed EA, Dale JB. Protective efficacy of Group A
Streptococcal vaccines containing type-specific and conserved M protein epi-
topes. Vaccine 2010;28:5017–22.

31] O’Loughlin RE, Roberson A, Cieslak PR, Lynfield R, Gershman K, Craig A, et al. The
epidemiology of invasive Group A Streptococcal infection and potential vaccine
implications: United States, 2000–2004. Clin Infect Dis 2007;45:853–62.

32] McNeil SA, Halperin SA, Langley JM,  Smith B, Warren A, Sharratt GP, et al. Safety
and immunogenicity of 26-valent Group A Streptococcus vaccine in healthy
adult volunteers. Clin Infect Dis 2005;41:1114–22.

33] Dale JB, Penfound TA, Chiang EY, Walton WJ.  New 30-valent M protein-based
vaccine evokes cross-opsonic antibodies against non-vaccine serotypes of
Group A Streptococci. Vaccine 2011;29:8175–8.

34] Batzloff MR,  Hayman WA,  Davies MR,  Zeng M,  Pruksakorn S, Brandt ER. Protec-
tion against Group A Streptococcus by immunization with J8-diptheria toxoid:
contribution of J8- and diptheria toxoid-specific antibodies to protection. J
Infect Dis 2003;187:1598–608.

35] Guilherme L, Postol E, Freschi de Barros S, Higa F, Alencar R, Lastre M,  et al. A vac-
cine against S. pyogenes: design and experimental immune response. Methods
2009;49:316–21.

36] Kotloff KL, Corretti M,  Palmer K, Campbell JD, Reddish MA,  Hu MC,  et al. Safety
and immunogenicity of a recombinant multivalent Group A Streptococcal vac-
cine in healthy adults: phase 1 trial. JAMA 2004;292:709–15.

37] Batzloff M,  Yan H, Davies M,  Hartas J, Good M.  Preclinical evaluation of a vaccine
based on conserved region of M protein that prevents Group A Streptococcal
infection. Indian J Med  Res 2004;119(Suppl.):104–7.

38] Guilherme L, Faé KC, Higa F, Chaves L, Oshiro SE, Freschi de Barros S, et al.
Towards a vaccine against rheumatic fever. Clin Dev Immunol 2006;13:125–32.

39] Batzloff MR, Hartas J, Zeng W,  Jackson DC, Good MF.  Intranasal vaccination with
a  lipopeptide containing a conformationally constrained conserved minimal
peptide, a universal T cell epitope, and a self-adjuvanting lipid protects mice
from Group A Streptococcus challenge and reduces throat colonization. J Infect
Dis  2006;194:325–30.

40] Pandey M,  Langshaw E, Hartas J, Lam A, Batzloff MR,  Good MF.  A synthetic M
protein peptide synergizes with a CXC chemokine protease to induce vaccine-
mediated protection against virulent streptococcal pyoderma and bacteremia.
J  Immunol 2015;194:5915–25.

41] Steer AC, Magor G, Jenney AW,  Kado J, Good MF, McMillan D, et al. emm
and C-repeat region molecular typing of beta-hemolytic Streptococci in a
tropical country: implications for vaccine development. J Clin Microbiol
2009;47:2502–9.

42] Fritzer A, Senn BM,  Minh DB, Hanner M, Gelbmann D, Noiges B, et al. Novel
conserved Group A Streptococcal proteins identified by the antigenome tech-
nology as vaccine candidates for a non-M protein-based vaccine. Infect Immun
2010;78:4051–67.

43] Bensi G, Mora M,  Tuscano G, Biagini M,  Chiarot E, Bombaci M,  et al. Multi high-
throughput approach for highly selective identification of vaccine candidates:
the  Group A Streptococcus case. Mol  Cell Proteomics 2012;11. M111.015693.

44] Moreland NJ, Waddington CS, Williamson DA, Sriskandan S, Smeesters PR,
Proft T, et al. Working towards a Group A Streptococcal vaccine: report of a
collaborative Trans-Tasman workshop. Vaccine 2014;32:3713–20.

45] Hayman WA,  Toth I, Flinn N, Scanlon M,  Good MF.  Enhancing the immunogenic-
ity and modulating the fine epitope recognition of antisera to a helical Group
A  Streptococcal peptide vaccine candidate from the M protein using lipid-core
peptide technology. Immunol Cell Biol 2002;80:178–87.

46] Bessen D, Fischetti VA. Synthetic peptide vaccine against mucosal colonization

by  Group A Streptococci. I. Protection against a heterologous M serotype with
shared C repeat region epitopes. J Immunol 1990;145:1251–6.

47] Sabharwal H, Michon F, Nelson D, Dong W,  Fuchs K, Manjarrez RC, et al. Group
A  Streptococcus (GAS) carbohydrate as an immunogen for protection against
GAS infection. J Infect Dis 2006;193:129–35.

http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0305
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0310
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0315
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0320
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0325
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0330
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0335
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0340
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0345
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0350
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0355
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0360
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0365
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0370
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0375
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0380
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0385
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0390
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0395
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0400
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0405
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0410
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0415
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0420
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0425
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0430
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0435
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0440
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0445
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0450
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0455
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0460
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0465
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0470
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0475
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0480
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0485
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0490
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0495
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0500
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0505
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0510
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0515
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0520
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0525
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0530
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0535


2 cine 34

[

[

[

[

[

[

[

[

[

[

[

[

958 A.C. Steer et al. / Vac

48] van Sorge NM,  Cole JN, Kuipers K, Henningham A, Aziz RK, Kasirer-Friede A, et al.
The  classical lancefield antigen of Group A Streptococcus is a virulence determi-
nant with implications for vaccine design. Cell Host Microbe 2014;15:729–40.

49] Cleary PP, Matsuka YV, Huynh T, Lam H, Olmsted SB. Immunization with
C5a peptidase from either group A or group B streptococci enhances clear-
ance of Group A Streptococci from intranasally infected mice. Vaccine
2004;22:4332–41.

50] Kawabata S, Kunitomo E, Terao Y, Nakagawa I, Kikuchi K, Totsuka K, et al.
Systemic and mucosal immunizations with fibronectin-binding protein FBP54
induce protective immune responses against Streptococcus pyogenes challenge
in mice. Infect Immun  2001;69:924–30.

51] McArthur J, Medina E, Mueller A, Chin J, Currie BJ, Sriprakash KS, et al. Intranasal
vaccination with streptococcal fibronectin binding protein Sfb1 fails to prevent
growth and dissemination of Streptococcus pyogenes in a murine skin infection
model. Infect Immun  2004;72:7342–5.

52] Courtney HS, Hasty DL, Dale JB. Serum opacity factor (SOF) of Streptococ-
cus pyogenes evokes antibodies that opsonize homologous and heterologous
SOF-positive serotypes of Group A Streptococci. Infect Immun 2003;

71:5097–103.

53] Roggiani M,  Stoehr JA, Olmsted SB, Matsuka YV, Pillai S, Ohlendorf DH,
et  al. Toxoids of streptococcal pyrogenic exotoxin A are protective in rab-
bit models of streptococcal toxic shock syndrome. Infect Immun  2000;
68:5011–7.

[

 (2016) 2953–2958

54] Kapur V, Maffei JT, Greer RS, Li LL, Adams GJ, Musser JM.  Vaccination with
streptococcal extracellular cysteine protease (interleukin-1 beta convertase)
protects mice against challenge with heterologous Group A Streptococci.
Microb Pathog 1994;16:443–50.

55] McCormick JK, Tripp TJ, Olmsted SB, Matsuka YV, Gahr PJ, Ohlendorf DH,
et  al. Development of streptococcal pyrogenic exotoxin C vaccine toxoids
that are protective in the rabbit model of toxic shock syndrome. J Immunol
2000;165:2306–12.

56] Mora M,  Bensi G, Capo S, Falugi F, Zingaretti C, Manetti AG, et al. Group A
Streptococcus produce pilus-like structures containing protective antigens and
Lancefield T antigens. Proc Natl Acad Sci U S A 2005;102:15641–6.

57] Young PG, Moreland NJ, Loh JM,  Bell A, Atatoa Carr P, Proft T, et al. Structural con-
servation, variability, and immunogenicity of the T6 backbone pilin of serotype
M6  Streptococcus pyogenes. Infect Immun  2014;82:2949–57.

58] Turner CE, Kurupati P, Wiles S, Edwards RJ, Sriskandan S. Impact of immuniza-
tion against SpyCEP during invasive disease with two streptococcal species:
Streptococcus pyogenes and Streptococcus equi. Vaccine 2009;27:4923–9.

59] McMillan DJ, Batzloff MR, Browning CL, Davies MR, Good MF, Sriprakash KS,

et  al. Identification and assessment of new vaccine candidates for Group A
Streptococcal infections. Vaccine 2004;22:2783–90.

60] Lei B, Liu M,  Chesney GL, Musser JM.  Identification of new candidate vaccine
antigens made by Streptococcus pyogenes: purification and characterization of
16  putative extracellular lipoproteins. J Infect Dis 2004;189:79–89.

http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0540
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0545
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0550
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0555
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0560
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0565
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0570
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0575
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0580
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0585
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0590
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0595
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600
http://refhub.elsevier.com/S0264-410X(16)30070-6/sbref0600

	Status of research and development of vaccines for Streptococcus pyogenes
	1 Introduction
	2 Overview of current efforts
	2.1 Biological feasibility for vaccine development
	2.2 Serotype/strain coverage
	2.3 General approaches to vaccine development for this disease for low and middle income country markets

	3 Technical and regulatory assessment
	4 Status of vaccine research and development activities
	4.1 26-Valent and 30-valent M protein vaccines
	4.2 Conserved M protein vaccines
	4.3 Other vaccines

	5 Likelihood for financing
	References


