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Abstract  Asthma  and  atopy,  classically  associated  with  hyper-activation  of  the  T helper  2

(Th2) arm  of  adaptive  immunity,  are among  the  most  common  chronic  illnesses  worldwide.

Emerging evidence  relates  atopy  and asthma  to  the  composition  and  function  of  gut  micro-

biota  composition.  Moreover,  certain  gut  microbial  strains  have  been  shown  to  inhibit  or

attenuate  immune  responses  associated  with  chronic  inflammation  in experimental  models.

Although still  a  relatively  nascent  field  of  research,  evidence  to  date  suggests  that  the  gut

microbiome  may  represent  fertile  targets  for  prevention  or  management  of  allergic  asthma

and other  diseases  in which  adaptive  immune  dysfunction  is  a prominent  feature.  The  oral

probiotics/prebiotic  represents  a  possible  therapeutic  for  improving  asthma  and  allergic  dis-

ease. Especially,  recent  technological  developments  that  permit  identification  of microbes  and

their products  using  culture-independent  molecular  detection  techniques.  In this review,  we

literaturely  summarise  the  aggravation  or  improvement  of  metabolic  diseases  by  role  of  gut

microbiota,  probiotics/prebiotic  treatment.
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Introduction

Allergy  and  Asthma  are  two  major  public  health  problems  in
industrialised  nations,  such  as  the United  States.1---8 Both dis-
eases  are  chronic  inflammatory  disorders  caused  by  aberrant
immune  responses  against  common  ‘‘innocuous’’  environ-
mental  antigens  (allergens)  in susceptible  individuals.9 An
enhanced  T helper  (Th)2  immune  response  and  the elab-
oration  of  cytokines  such  as  interleukin  (IL)-4,  IL-13,  and
IL-5  contribute  to  the induction  and  maintenance  of these
diseases.10 Often,  atopic  dermatitis  is  the first  manifestation
of  atopy  in  infants  who  will  develop  hay fever  or  asthma  in
later  childhood.  The  largest  and  earliest  source  of  microbial
exposure  in human  subjects comes  from  the  intestinal  tract.
The  gut  contains  a  large  and diverse  population  of microbes
that  is,  quantitatively,  the  most  important  postnatal  source
of  microbial  stimulation  of  the  immune  system.11,12 Current
evidence  supports  a role  for gut  colonisation  in  promoting
and  maintaining  a  balanced  immune  response  in  early  life.13

Hence  disruption  of  this  process  early  on  in life  at a  time
of  dynamic  changes14,15 in the infant’s  gut  might have long-
term  health  effects.  Both  asthma16 and  obesity17---19 often
begin  in  early  childhood,  when the  gut microbiota  is  pri-
marily  developed.  Recent  studies  in  animal  models  and  in
human  subjects  have  found  that  an  altered  or  less  diverse
gut  microbiota  composition  has  been  associated  with  asthma
and  allergic  disease  diseases  (Table  1).20---26 Moreover,  certain
gut  microbial  strains  have  been  shown  to  inhibit  or  attenu-
ate  immune  responses  associated  with  chronic  inflammation
in  experimental  models.  However,  there  has  been  no  fully
adequate  longitudinal  study  of  the relation  between  the
neonatal  gut  microbiota  and  the development  of asthma  and
allergic  disease.  The  emergence  of  promising  experimental
studies  has  led  to several  clinical  trials  of  probiotics  (live
bacteria  given  orally  that  allow  for  intestinal  colonisation)
in  human  subjects.  Probiotic  trials  thus  far  have  shown  a
consistent  preventive  or  therapeutic  effect  on  asthma  and
allergic  disease.  Because  previous  trials  of  probiotics  have
been  limited  by  small  sample  size,  short  duration  of follow-
up,  or  lack  of  state-of-the  art  analyses  of  the gut  microbiota,

Table  1  Changes  in microbiota  composition  associated  with  allergy/asthma  and  novel  therapeutic  strategies.

Models  Disease  Implicated  microbiota  New  therapeutic

strategies

Implicated

microbiota

Reference

Children  Allergy  Coliforms↑ Staphylococcus

aureus↑ Lactobacilli↓

Bifidobacteria↓

NO  NO 20

Infants  Allergy  Lactobacilli↓

Bifidobacteria↓

NO  NO 21

Mice  Allergy  NO House  dust

(Lactobacillus)

Lactobacillus

johnsonii↑

22

Infants  Allergy  NO Lactobacillus  GG Lactobacilli↑  23

Children  Allergy  NO Lactobacillus

rhamnosus19070-2  and

Lactobacillus  reuteri

DSM  122460

NO  24

Birth  cohort  Asthma  Clostridium  difficile↑ NO  NO 25

Mice  Asthma  Clostridium  leptum↓  Clostridium  leptum  NO 26

NO: no test or no research.

a  lot  of  research  needs  to be done  in the future.  In  this
review  we  first  summarise  recent  research  about  the rela-
tion  between  the gut microbiota  and  allergy/asthma,  effect
of  probiotics/prebiotic  treatment  on  asthma  and  allergic
disease.

Method

Literature  search  was  performed  by  using  the PubMed
database,  the keywords  used  were gut  microbiota  (52
searches)  and  allergy/asthma  (169  searches).  Of  these,  49
articles  were  shortlisted  which  discussed  relation  of  gut
microbiota  and  allergy/asthma.  These  articles  were con-
sulted  for this  review.

Result

Gut microbiota:  definition

Intestinal  epithelium,  mucosal  immune  system,  and bacte-
rial  and non-bacterial  flora  represent  a morph-functional
system  on  dynamic  balance  responsible  for  the  host  local
intestinal  integrity  and  systemic  barrier  function.27 Gut
harbour  about 500  different  species  of  microorganisms,
weighing  about 1.5  kg  in the normal subjects.28,29 The
number  of  microbial  luminal  cells  is  10-folds  more  than
eukaryotic  cells.28,30 At  the  same  time,  microbiota  genome
encode  100---1000  times  more  genetic  information  than  the
host  genome.31 The  gut, sterile  during  the  intrauterine,
is  colonised  immediately  after birth.  The  numbers  and
species  of  bacteria  fluctuate  markedly  during  the early
life.32 However,  the gut  microbiota  of adults  is  compara-
tively  steady  over  time.33 Over  the course  of millions  of
years  of  evolution,  commensal  bacteria  have taken  on  many
physiological  functions  essential  to  our  health,  including
physical  development,  the intestinal  barrier,  immune  regu-
lation,  metabolism,  nutrition  absorption,  expelling  toxin  and
so  on.34 At  the same  time,  gut  microbiota  are important  fac-
tors  to  stimulate  the mucosal  immune  system  and  systemic
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immune  system  to  mature.35,36 There  is  convincing  evi-
dence  from  both  human  and  animal  studies  suggesting  that
intestinal  microbiota  plays  an important  role  in  maintain-
ing  health  and curing  diseases;  especially,  new  technologies
have  allowed  the  attempt  to  a  systematic  intestinal  bacte-
rial  flora  study  giving  more  realistic  information  about  its
composition  and  its  pathological  variance.

Gut microbiota  and  allergy/asthma

Asthma  is  estimated  to  affect  approximately  300  million
individuals  worldwide,  incurs  significant  health  care
expenditure,6,7 and  is  one  of the  most  common  chronic  dis-
eases.  Given  increases  in disease  prevalence  over  the  last
several  decades,  it is  predicted  that  the  number  of  individ-
uals  affected  worldwide  will increase  by  100  million  people
by  2025.8 In  the United  States,  the risk  of  developing  asthma
is  highest  for  children  during the  period  between  birth  and
four  years  of  age37;  disease  prevalence  is  also  higher  among
women,  families  below  the  poverty  line,  and  people of
multiple  races  compared  to  other  groups.38 Although  risk
alleles  have  been  associated  with  asthma  development,39

the  rapid  increase  in  prevalence  over recent  decades,  par-
ticularly  among  children,  points  to environmental  factors
playing  a  key  role  in disease  development.40 Atopic  sensitisa-
tion  (allergy),  characterised  by  elevated  levels  of  total  and
allergen-specific  IgE  in the serum  and typically  by  positive
skin-prick  tests  to  at least  one of  a panel  of common aller-
gens,  is considered  the  strongest  risk  factor  for  childhood
asthma  development  in westernised  nations,41 and  its rise  is
associated  with  a parallel  increase  in  asthma  prevalence.8

During  the  past  15  years,  numerous  human  epidemiological
studies  have  been conducted  on  the  association  between
the  gut  microbiota  composition  and  allergy/asthma.  The
vast  majority  of  these  studies  suggest  that  those  subjects
with  allergy  and  asthma  exhibit  alterations  in the  relative
levels  of  ‘‘beneficial’’  and potentially  harmful  bacteria  com-
pared  to healthy  the subjects  (Table 1).20---26 At  the  same
time,  there  is  convincing  evidence  from  both  human  and ani-
mal  studies  suggesting  that  all kinds  of  factors are  related
to  allergy  and  asthma  disease  by  affecting  gut  microbiota.
These  contain  early-life  antimicrobial  exposure,  Caesarean
birth,  formula  feeding,  lack  of  maternal  exposure  to  pets
or  livestock  during  pregnancy,  and  maternal  consumption  of
antimicrobial  during  pregnancy.42---47

In  1999,  Björkstén  et  al.  reported  that  the  research  was
completed  in  29  Estonian  and  33  Swedish  2-year-old  children
with  either  non-allergic  (n  =  36)  or  had a confirmed  diagnosis
of  allergy  (n  = 27)  to  egg  or  cow’s  milk.20 In  these  group,  the
abundant  levels  of  coliforms  and  Staphylococcus  aureus  are
lower,  while  the levels  of  the lactobacilli  and bifidobacteria

are  higher  in  the  faecal  samples  compared  to  children  with
allergies  to  egg  or  cow’s  milk.20 Johansson  et  al. found  that
lactobacilli  and bifidobacteria  colonisation  of  infants  at one
week  of  age  is  a  significant  negative  correlation  with  a  risk
for  allergy  at five  years.21 There  are  some important  findings
about  the  beneficial  effect  of  probiotics  in allergy.  A recent
study  reported  that  oral  exposure  of  adult mice  to  house
dust  mediates  Lactobacillus  enrichment  of  intestinal  micro-
biome  and  airway  immune  defence  against  allergens  and
virus  infection,22 Increase  of Lactobacillus  johnsonii  results

in  reductions  in the total  number  and  proportion  of  acti-
vated  CD11c+/CD11b+  and CD11c+/CD8+  cells  and  airway
Th2  cytokine  expression.22 Meanwhile,  the  effects  of  pro-
biotic  intervention  in  early  infancy  to reduce  the  risk  of
atopic  disease  corroborate  the above  studies.  Firstly,  the
research  was  completed  in 230  infants  with  symptoms  of  the
atopic  eczema/dermatitis  syndrome,23 In the whole  group,
the  mean  Severity  Scoring  of  Atopic  Dermatitis  (SCORAD)
decreased  by  65%,  especially  in  IgE-sensitised  infants,  the
group  with  Lactobacillus  GG  treatment  (a  mixture  of  four
probiotic  strains)  showed  a  greater  reduction  in SCORAD
than  did the  placebo group,23 Treatment  with  LGG  may  alle-
viate  the  atopic  eczema/dermatitis  syndrome  symptoms  in
IgE-sensitised  infants  but  not in non-IgE-sensitised  infants.23

Meanwhile,  treatment  resulted  in  increases  in total  counts
of  lactobacilli  in the  probiotic  groups  and decreases  in
the  placebo  group,23 and  differences  in changes  between
probiotic  groups  and  the  placebo  group  were  significant.
Total  counts  of  bifidobacteria  showed  no major  changes.23

Secondly,  two  probiotic  Lactobacillus  strains  (lyophilised
Lactobacillus  rhamnosus19070-2  and  Lactobacillus  reuteri

DSM  122460)  were  given  in  combination  for  six  weeks  to
1-  to  13-year-old  children  with  atopic  dermatitis  (AD).24

The  treatment  response  was  more  pronounced  in allergic
patients  with  at least  one  positive  skin  prick  test  response
and  increased  IgE  levels.24 While  the  atopic  dermatitis  score
and serum  eosinophil  cationic  protein  levels  decreased,  the
production  of  the  cytokines  IL-2,  IL-4,  IL-10,  or  IFN-� was
unchanged.24 Similarly,  the  intestinal  microbiota  also  play
important  role  in development  of  asthma;  a  prospective
birth  cohort  study  show  that  colonisation  of  Clostridium

difficile  in  gut  at  age one  month  was  significantly  associ-
ated  with  an  increased  risk  for asthma,25 However,  another
study  of oral  administration  of  Clostridium  leptum  in  adult
mice  showed  the levels  of  C.  leptum  is  negative  correla-
tion  with  asthma.26 Oral  feeding  with  C.  leptum  for  two
weeks  increased  the  percentage  and  total  number  of  Tregs
in  the spleens  and mediastinal  lymph  nodes  and  attenuated
allergen-induced  airway  hyperresponsiveness  and  inflam-
mation  by inhibiting  inflammatory  cytokine  production  but
enhancing  interleukin  10  and  transforming  growth  factor  �1
production  in  the  lungs.26 All  in all, the  data  in the above
shows  that  specific microbial  species  in gut  may  play a  pro-
tective  or  pathogenic  role  in allergy  or  asthma  development.

Concluding  remarks

Taken  together,  these  findings  have  revealed  that  gut  micro-
biota  play  an important  role  in keeping  healthy  and  the
development  of  allergy/asthma.  The  specific  species  of
intestinal  commensal  bacteria  may  play either  a  protec-
tive  and  pathogenic  role  in development  of  allergy/asthma.
Meanwhile,  a  number  of studies  completed  in both  ani-
mal  models  and humans  show that  an effective  strategy  of
preventing  and  managing  allergy/asthma  might  be  target-
ing  gut  microbiota,  Probiotics/prebiotic  can  confer  health
by  modulating  the composition  of  gut  microbiota  restor-
ing  the physiological  bacterial  flora.  Many  researches  have
provided  a compelling  rationale  for  exploring  the  oral
administration  of  probiotics/prebiotic  as  adjunctive  thera-
pies  to  allergy/asthma,  but  the  available  data  in this  field
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remain  limited,  and the  relevant  scientific  work  has  only
just  begun.  A lot  of  research  needs  to  be  done  in the future.
Firstly,  the  host  is  big  and  complex  environment  for  gut
bacterial  flora.  It is  unclear  whether  alteration  of  gut  micro-
biota  leads  to  the development  of allergy/asthma  or  the
happening  of  the  allergy/asthma  are the primary  cause  of
changes  of  gut  microbiota.  An  in-depth  understanding  of the
mechanism  of  action  between  gut  microbiota  and host  is
needed.  Meanwhile,  it is  worth noting  that  a  great  deal
of  research  has  been  completed  in different  populations
or  mammals  models  and  various  types  of  food.  Secondly,
opening  up  an  entirely  new  approach  is  to  maintain  health
and  cure  allergy/asthma  by  monitoring  and controlling  gut
microbiota  which  is  very  important.  It is  possible  to  mon-
itor  the  human  intestinal  microbiota  and  manipulate  it if
required  through  the use  of probiotics  and/or  prebiotics.
Developing  new probiotic  is  on  the  basis  of the mechanism
between  the  microbiota  and  allergy/asthma.  At  the  same
time,  it  is  possible  is  to  develop  probiotic  from  gut micro-
biota  of  healthy  group,  for  example,  faecal  transplant  is
a  therapeutic  strategy  that  has  attracted  more  attention.
We  should  make  it clear  how  probiotics  and/or  prebiotics
restore  bacterial  flora.  Thirdly,  as  the availability  of  the  rel-
evant  research  in  the area is  limited  more  studies  should  be
done  to  elucidate  the  interaction  between  the microbiota
and  allergy/asthma,  a great  deal  of  well-controlled  clini-
cal  research  with  intestinal  microbiota  is  needed  to  make
sure  of  safety  in patients.  All  in all, we  have opened  up  an
entirely  new  approach  to  the understanding  and treatment
of  allergy/asthma,  research  has  just  started  in this  field,
more  research  is  urgently  needed.

Ethical disclosures

Confidentiality  data

The  authors  declare  that  no  patient  data  appears  in this
article.

Right  to  privacy  and  informed  consent.  The  authors
declare  that  no  patient  data  appears  in  this article.

Protection  of  human  subjects  and  animals  in research.

The  authors  declare  that  no  experiments  were  performed
on  humans  or  animals  for  this  investigation.

Conflict  of  interest

The  authors  have  no  conflict  of  interest  to  declare.

Acknowledgements

We  thank  Professor  Hong  Zhang  for critical  review  of this
manuscript.

References

1.  Asthma American Lung Association Lung Disease Data; 2008.

Available at: http://www.lungusa.org [accessed 04.03.11].

2. Asher MI, Montefort S, Bjorksten B, Lai CK, Strachan DP, Wei-

land SK, et al. Worldwide time trends in the prevalence of

symptoms of asthma, allergic rhinoconjunctivitis, and eczema

in childhood: ISAAC Phases One and Three repeat multicountry

cross-sectional surveys. Lancet. 2006;368:733---43.

3. Wang J, Sampson HA. Food allergy. J Clin Invest. 2011;121:

827---35.

4. Branum AM, Lukacs SL. Food allergy among children in the

United States. Pediatrics. 2009;124:1549---55.

5. Osborne NJ, Koplin JJ, Martin PE, Gurrin LC, Lowe AJ,

Matheson MC, et al. Prevalence of challenge-proven IgE

mediated food allergy using population-based sampling and pre-

determined challenge criteria in infants. J  Allergy Clin Immunol.

2011;127:668---76.

6. Accordini S,  Corsico AG, Braggion M,  Gerbase MW, Gislason D,

Gulsvik A, et al. The cost of persistent asthma in Europe: an

international population-based study in adults. Int Arch Allergy

Immunol. 2013;160:93---101.

7. Barnett SBL, Nurmagambetov TA. Costs of  asthma in the

United States: 2002---2007. J Allergy Clin Immunol. 2011;127:

145---52.

8. Masoli M,  Fabian D, Holt S, Beasley R. Global Initiative for

Asthma (GINA) Program. The global burden of  asthma: exec-

utive summary of  the  GINA Dissemination Committee report.

Allergy. 2004;59:469---78.

9. Romagnani S. Regulatory T cells: which role in the pathogenesis

and treatment of  allergic disorders? Allergy. 2006;61:3---14.

10. Ngoc PL, Gold DR, Tzianabos AO, Weiss ST, Celedón JC.

Cytokines, allergy, and asthma. Curr Opin Allergy Clin Immunol.

2005;5:161---6.

11. Salminen S, Bouley C, Boutron-Ruault MC, Cummings JH, Franck

A, Gibson GR, et al. Functional food science and gastroin-

testinal physiology and function. Br  J  Nutr. 1998;80 Suppl. 1:

S147---71.

12. Guarner F,  Malagelada JR. Gut flora in health and disease.

Lancet. 2003;361:512---9.

13. Kelly D, King T,  Aminov R. Importance of microbial colonization

of the gut in early life to the development of immunity. Mutat

Res. 2007;622:58---69.

14. Palmer C, Bik EM, DiGiulio DB, Relman DA, Brown PO. Devel-

opment of  the human infant intestinal microbiota. PLoS Biol.

2007;5:e177.

15. Dethlefsen L,  McFall-Ngai M, Relman DA. An ecological and

evolutionary perspective on human---microbe mutualism and dis-

ease. Nature. 2007;449:811---8.

16. Sherman CB, Tosteson TD, Tager IB, Speizer FE, Weiss

ST. Early childhood predictors of  asthma. Am  J  Epidemiol.

1990;132:83---95.

17. Parsons TJ, Powers C, Logan S,  Summerbell CD. Childhood pre-

dictors of adult obesity: a systematic review. Int J Obes. 1999;23

Suppl.:S1---107.

18. Benyshek DC.  The developmental origins of obesity and related

health disorders----prenatal and perinatal factors. Coll Antropol.

2007;31:11---7.

19. Vickers MH, Krechowec SO, Breier BH. Is later obesity pro-

grammed in utero? Curr Drug Targets. 2007;8:923---34.

20. Bjorksten B, Naaber P, Sepp E, Mikelsaar M. The intestinal

microflora in allergic Estonian and Swedish 2-year-old children.

Clin Exp Allergy. 1999;29:342---6.

21. Johansson MA, Sjogren YM, Persson JO, Nilsson C,

Sverremark-Ekstrom E. Early colonization with a group of

Lactobacilli decreases the risk for allergy at five years of age

despite allergic heredity. PLoS ONE. 2011;6:e23031.

22. Fujimura KE,  Demoor T,  Rauch M, Faruqi AA,  Jang S, Johnson CC,

et  al. House dust exposure mediates gut  microbiome Lactobacil-

lus enrichment and airway immune defense against allergens

and virus infection. Proc Natl Acad Sci U S  A. 2013;11:805---10.

23. Viljanen M,  Savilahti E, Haahtela T, Juntunen-Backman K,

Korpela R,  Poussa T, et  al. Probiotics in the treatment of  atopic

eczema/dermatitis syndrome in infants: a double-blind place-

bocontrolled trial. Allergy. 2005;60:494---500.

http://www.lungusa.org/
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0350


Gut  microbiota  and allergy/asthma  309

24. Rosenfeldt V, Benfeldt E, Nielsen SD, Michaelsen KF, Jeppesen

DL, Valerius NH, et  al. Effect of probiotic Lactobacillus strains

in children with atopic dermatitis. J  Allergy Clin Immunol.

2003;111:389---95.

25. Nimwegen FAV, Penders J,  Stobberingh EE, Postma DS, Kop-

pelman GH, Kerkhof M, et al. Mode and place of delivery,

gastrointestinal microbiota, and their influence on asthma and

atopy. J Allergy Clin Immunol. 2012;129:584---5.

26. Li YN, Huang F,  Liu L, Qiao HM, Li Y, Cheng HJ. Effect of  oral

feeding with Clostridium leptum on regulatory T-cell responses

and allergic airway inflammation in mice. Ann Allergy Asthma

Immunol. 2012;109:201---7.

27. Scarpellini E, Campanale M, Leone D,  Purchinaroni F, Vitale G,

Lauritano EC, et al. Gut microbiota and obesity. Int Emerg Med.

2010;5 Suppl. 1:S53---6.

28. Ley RE, Peterson DA, Gordon JI. Ecological and evolution-

ary forces shaping microbial diversity in the intestine. Cell.

2006;124:837---48.

29. Hooper LV, Littman DR, Macpherson AJ. Interactions

between the microbiota and the  immune system. Science.

2012;336:1268---73.

30. Bäckhed F,  Ley RE, Sonnenburg JL, Peterson DA, Gordon JI.

Host-bacterial mutualism in the human intestine. Science.

2005;307:1915---20.

31. Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh C,

et  al. A human gut microbial gene catalogue established by

metagenomic sequencing. Nature. 2010;464:59---65.

32. Mackie RI, Sghir A, Gaskins HR. Developmental microbial ecol-

ogy of the neonatal gastrointestinal tract. Am J  Clin Nutr.

1999;69:1035S---45S.

33. Zoetendal EG, Akkermans AD, De Vos WM. Temperature gradi-

ent gel electrophoresis analysis of  16S rRNA from human fecal

samples reveals stable and host-specific communities of  active

bacteria. Appl Environ Microbiol. 1998;64:3854---9.

34. Sekirov I, Russell SL, Antunes LC, Finlay BB. Gut microbiota in

health and disease. Physiol Rev. 2010;90:859---904.

35. Macpherson AJ, Geuking MB,  McCoy KD. Immune responses that

adapt the intestinal mucosa to commensal intestinal bacteria.

Immunology. 2005;115:153---62.

36. Chassaing B, Kumar M,  Baker MK. Mammalian gut immunity.

Biomed J. 2014;37:246---58.

37. Jackson DJ, Hartert TV, Martinez FD, Weiss ST, Fahy JV. Asthma:

NHLBI workshop on the primary prevention of  chronic lung dis-

eases. Ann Am Thorac Soc.  2014;11:S139---45.

38. Akinbami LJ, Moorman JE, Garbe PL, Sondik EJ. Status of

childhood asthma in the United States, 1980---2007. Pediatrics.

2009;123:S131---45.

39. Ober C, Yao TC. The genetics of  asthma and allergic disease: a

21st century perspective. Immunol Rev. 2011;242:10---30.

40. Cookson WOCM, Moffatt MF. Asthma: an epidemic in the absence

of  infection? Science. 1997;275:41---2.

41. Simpson A, Tan VYF, Winn J, Svensén M, Bishop CM,  Heckerman

DE, et  al. Beyond atopy: multiple patterns of  sensitization in

relation to asthma in a  birth cohort study. Am J Respir Crit Care

Med. 2010;181:1200---6.

42. Johnson CC, Ownby DR, Alford SH, Havstad SL, Williams LK,

Zoratti EM, et  al. Antibiotic exposure in early infancy and

risk for childhood atopy. J  Allergy Clin Immunol. 2005;115:

1218---24.

43. Renz-Polster H, David MR, Buist AS, Vollmer WM, O’Connor

EA, Frazier EA, et  al. Caesarean section delivery and the

risk of  allergic disorders in childhood. Clin Exp Allergy.

2005;35:1466---72.

44. Friedman NJ, Zeiger RS. The role of breast-feeding in the

development of  allergies and asthma. J  Allergy Clin Immunol.

2005;115:1238---48.

45. Harmsen HJ, Wildeboer-Veloo AC, Raangs GC, Wagendorp AA,

Klijn N, Bindels JG, et  al. Analysis of intestinal flora develop-

ment in breast-fed and formula-fed infants by using molecular

identification and detection methods. J Pediatr Gastroenterol

Nutr. 2000;30:61---7.

46. Ownby DR, Johnson CC, Peterson EL. Exposure to dogs and

cats in the first year of  life and risk of allergic sensitization at

6---7 years of  age. JAMA. 2002;288:963---72.

47. Stensballe LG, Simonsen J, Jensen SM, Bønnelykke K,  Bisgaard

H. Use of  antibiotics during pregnancy increases the risk of

asthma in early childhood. J  Pediatr. 2013;162:832---8, e3.

http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0415
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0420
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0425
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0430
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0435
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0440
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0445
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0450
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0455
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0460
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0465
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470
http://refhub.elsevier.com/S0301-0546(16)30115-X/sbref0470

	Gut microbiota and allergy/asthma: From pathogenesis to new therapeutic strategies
	Introduction
	Method
	Result
	Gut microbiota: definition
	Gut microbiota and allergy/asthma

	Concluding remarks
	Ethical disclosures
	Confidentiality data
	Right to privacy and informed consent
	Protection of human subjects and animals in research

	Conflict of interest
	Acknowledgements
	References


