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Abstract  The  objective  of  this  study  was  to  identify  twelve  Brucella  abortus  isolates  of  bovine
origin from  the  department  of  Nariño in  Colombia  up  to  the  biovar  level.  These  isolates  are
included in the  collection  of  the  Germplasm  Bank  of  Microorganisms  of  Animal  Health  Interest  ---
Bacteria and Virus  (BGSA---BV).  The  identification  was  carried  out  through  conventional  methods
such as  macro  and  microscopic  morphological  descriptions,  enzymatic  activity,  biochemical
profile, substrate  use  and  sensitivity  to  dyes.  Complementary  genotypic  characterization  was
carried out  using  multiplex  PCR  for  B.  abortus,  Brucella  melitensis,  Brucella  ovis, and  Brucella

suis-Erytritol (AMOS-ERY-PCR),  RFLP-IS711,  by  southern  blot  hybridization,  as  well  as  by  the
multiple locus  variable  number  of tandem  repeat  analysis  (MLVA)  using  the  ery  gene and  the
insertion  sequence  IS711  and  variable  number  of  tandem  repeats  (VNTR)  as  molecular  markers.
The results  of  the  phenotypic  and  molecular  characterization  allowed  to  identify  twelve  isolates
as B.  abortus  biovar  4 as  well  as  to  differentiate  field  from  vaccine  strains.  This  is the  first
study on the  phenotypic  and  molecular  identification  of  B.  abortus  isolates  in Colombia.  It was
concluded that  the  phenotypic  and molecular  identification  of  twelve  isolates  as  B.  abortus

biovar 4  could  be  achieved  using  conventional  and molecular  techniques  with  enough  resolution
power. The  identification  of  these  isolates  to  the  biovar  level  in taxonomic  and  epidemiological
terms  will  allow  the  use  of  this  genetic  resource  as  reference  strains  in future  research.  This
finding constitutes  the  basis  for  identifying  biotypes  not  previously  reported  in  the  country  that
might be  useful  to  support  brucellosis  survey  programs  in  Colombia.
© 2018  Asociación  Argentina  de Microbioloǵıa.  Published  by  Elsevier  España,  S.L.U.  This  is an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Identificación  de Brucella  abortus  biovar  4  de origen  bovino  en  Colombia

Resumen  El objetivo  de este  estudio  fue  identificar  12  aislamientos  de Brucella  abortus  de
origen bovino  procedentes  del departamento  de Nariño,  Colombia,  hasta  la  descripción  de bio-
var.  Estos  aislamientos  conforman  la  colección  del Banco  de  Germoplasma  de  Microorganismos
de Interés  en  Salud  Animal,  Bacterias  y  Virus.  La  identificación  se  hizo  mediante  métodos  con-
vencionales,  como  la  descripción  morfológica  macro  y  microscópica  de actividad  enzimática,
de perfiles  bioquímicos,  de  utilización  de sustratos  y  de  sensibilidad  a colorantes.  Se  hizo  una
caracterización  genotípica  complementaria  mediante  PCR  múltiple  para  Brucella  abortus,  Bru-

cella melitensis,  Brucella  ovis y  Brucella  suis-eritritol  (AMOS-ERY-PCR);  RFLP-IS711;  hibridación
Southern blot  y  análisis  multi-locus  de  repeticiones  en  tándem  de número  variable  (MLVA),
empleando como  marcadores  moleculares  el gen  ery, la  secuencia  de inserción  IS711  y  el  número
variable  de  repeticiones  en  tándem  (VNTR).  Los  resultados  de  la  caracterización  fenotípica  y
molecular  permitieron  identificar  12  aislamientos  de  campo  como  B.  abortus  biovar  4 y  diferen-
ciar cepas  de  campo  de  cepas  vacunales.  Este  es  el primer  estudio  de identificación  fenotípica
y molecular  de  aislamientos  de B.  abortus  en  Colombia.  Por  su importancia  taxonómica  y  epi-
demiológica,  la  identificación  de estos  aislamientos  hasta  el nivel  de biovar  permitirá  disponer
de recursos  genéticos  que  se  pueden  emplear  como  cepas  de  referencia  en  futuras  investiga-
ciones.  Estos  resultados  pueden  considerarse  como  una  base  para  la  identificación  de  biotipos
no reportados  en  el  país  y  podrán  ser  utilizados  en  programas  de monitoreo  y  vigilancia  de la
brucelosis bovina  en  Colombia.
©  2018  Asociación  Argentina  de Microbioloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Bovine  brucellosis  caused  by  Brucella  abortus  is  an endemic
zoonotic  disease  of high  impact  in  public  health  and in the
livestock  industry  that  causes  huge economic  losses  and  con-
strains  the  international  trade  of  products  of  animal  origin.

The  genus  Brucella  includes  facultative,  intracellular,
Gram-negative  and  slightly  acid-alcohol-resistant  bacte-
ria.  Currently,  two  different  groups  have  been  identified
in  the  genus  Brucella:  the classical  Brucella  group
including  B.  abortus,  B.  melitensis, B. suis, B.  ovis,
B.  canis, B.  neotomae,  B.  ceti, B.  pinnipediae  and  B.  papi-
onis  and  the  atypical  or  non-classical  species  of  Brucella
including  B. microti  and B.  inopinata36,37,40,42. In 2016  a  new
species  named  B.  vulpis  was  isolated  from  mandibular  lymph
nodes  of  a wild  red  fox  (Vulpes  vulpes) in Austria36.

This  classification  was  initially  based on  phenotypic  char-
acteristics  such  as  CO2 requirements,  hydrogen  sulfide  (H2S)
production,  urease  activity,  sensitivity  to  different  dye
concentrations,  susceptibility  to  specific  phages  and host
preference11,16,19,24,43.  Currently,  Brucella  classification  is
completed  with  molecular  tests,  sequencing,  and  whole
genome  sequencing  annotation36.

Three  classical  species  have been  subdivided  into  biovars
as  follows:  eight  B.  abortus  biovars,  three  B.  meliten-
sis  biovars  and  five  B.  suis  biovars35.  Due  to  the high
genetic  homology  of  the species  of  the  genus  Brucella  by
DNA  hybridization  assays  (higher  than  90%),  the fact that
there  is  sequence  similarity  higher  than  98%  by  comparative
genomics  and  the complete  sequence  identity  in  the  16  rRNA
gene  among  all  the Brucella  species,  Bardenstein  et al.4

and  Scholl  et  al.26 proposed  that the species  of this genus

should  be described  as  biovars  of  the  species  B.  melitensis.
However,  the molecular  studies  have  demonstrated  that  the
classical  species  correspond  to  genetically  distinct  species
besides  being  narrowly  related5.

Two  molecular  markers  have  been  used  to identify  the
genus,  the species  and the differentiation  of Brucella
biovars.  On  the  one  hand,  some  genes  involved  in ery-
thritol  catabolism  (a compound  used by  all  members  of
the Brucella  genus  as  a  source  of carbon)  and  on  the
other  hand,  the  insertion  sequences  in  the  genome  of  this
microorganism8,29,30,39. A  promissory  molecular  strategy  to
differentiate  between  species  and biovars  of  Brucella  is
the polymorphism  based  on  the distribution  and  number
of  copies  of the IS711  insertion  sequence  in the  Brucella
genome22,23.  The  stability  and  polymorphism  of  IS711  are
used  to  differentiate  B.  abortus  biovars  1, 2, and 4  from bio-
vars  3, 5,  and  9.  To  differentiate  B.  abortus,  B.  melitensis
biovars  1,  2  and  3, B.  ovis  and  B.  suis  biotype  1, a  multiple
PCR  called  AMOS-PCR  is used  to  amplify  fragments  whose
sizes  are distinctive  for  each species8. This  test  was  later
improved  in order  to  differentiate  between  field  and  vaccine
strains  in  brucellosis  eradication  programs  and was  called
AMOS-ERY-PCR28.  However,  this  technique  has  the disadvan-
tage  of  not having  enough  resolution  to  identify  biovars  of
the same species  of B.  abortus,  e.g.  biovars  1, 2 and  430.

Currently,  the publication  of the complete  genomes  of
several  Brucella  species  has  allowed  to  search  for  hyper-
variable  DNA  sequence  regions  that  are  useful  as  molecular
markers  to  be  able  to  diagnose,  identify  and  differentiate
between  species  and  biovars.  Among  these  markers  there
are  microsatellites  or  regions  that  correspond  to  the vari-
able  number  of  tandem  repeats  (VNTR),  which  have  shown
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to be  highly  polymorphic  genetic  markers  that  are  useful  for
the  differentiation  of  pathogens  that have  little  genomic
diversity  such  as  Brucella  spp.3,18,35.

Moreover,  the analysis  of  various  loci  or  VNTR  regions  is
called  multiple  locus  variable  number  of  tandem  repeats
analysis  (MLVA).  Several  MLVA  schemes  for  Brucella  spp.  have
been  published.  These  schemes  use  various  VNTR  loci  that
include  markers  with  different  levels  of  diversity  and  dis-
criminant  power5,14,17,38,41.  The  MLVA  molecular  typification
system  evaluates  various  VNTR  regions  that  are  achieved
through  the  individual  or  multiple  PCR  amplification  of these
loci  by  using  specific  primers  for  the VNTR  flanking  regions.
The  genetic  profile  and  the size  of  the amplified  fragments
are  established  by  electrophoresis  in  agarose  gels,  easily
comparable  to  patterns  obtained  from  reference  strains;
this  facilitates  its  use  and  interpretation;  therefore,  the
MLVA  becomes  a  quick,  simple  and  economic  Brucella  bio-
var  typification  method32.  The  multilocus  nature  of  these
VNTR  sequences  gives  a precise  vision  of  the  frequency  and
geographic  distribution  of  biovars  and genetic  variants  of
B.  abortus.  This  is  an essential  requirement  to  trace  the
dissemination  routes  of  the pathogen27.

Therefore,  the objective  of  this  study  was  to classify
the  Colombian  B.  abortus  isolates  that  are kept  in the
Germplasm  Bank of  Microorganisms  of  Animal  Health  Inter-
est  ---  Bacteria  and  Viruses  (BGSA---BV,  for  its acronym  in
Spanish)  to the  biovar  level  using  phenotypic  and  molecu-
lar  tests.  The  characterization  of  these  isolates  might  be
useful  in  other  biovar  epidemiological  distribution  studies
of  B.  abortus  in Colombia.

Materials and  methods

B.  abortus  strains  and  reference  material

The  isolates  of  this  study  were  obtained  from  the bac-
teria  and  viruses  collection  belonging  to  the  Germ  Bank
of  Microorganisms  of Animal  Health  Interest  ---  Bacteria
and  viruses  (BGSA---BV)  from  the Colombian  Corporation  for
Research  in  Agriculture  (AGROSAVIA)  (Table 1). Two  vaccine
strains  were  used as  reference  material:  B.  abortus  RB51*
biovar  1  (Schering-Plough)  and  B.  abortus  strain  19 biovar  1

(VECOL),  as  well  as four  reference  strains:  B.  abortus  biovar
2,  B.  abortus  biovar  3,  B.  abortus  biovar  4, and  B.  abortus
biovar  9,  which  had been  donated  in 1998  by  the former  Pan
American  Zoonoses  Center  (CEPANZO)  and are  kept  at −80 ◦C
as  part  of  the BGSA-BV.  In  the  AMOS-PCR  and  MLVA-2  strategy,
genomic  DNA  from  Salmonella  enterica  serovar  Enteri-
tidis  (ATCC  13076)  Staphylococcus  aureus  (ATCC  25923)  was
used.

Phenotypic  identification  of B.  abortus  isolates

The  identification  of  isolates  to  species  and  to  biovar
levels  was  carried  out  by  conventional  methods  such as
CO2 requirements,  hydrogen  sulfide  production  on  strips
of  lead  acetate,  semiquantitative  urease  enzyme  pro-
duction  for  1---2  h  of incubation,  the  cytochrome-oxidase
test,  the  slide  agglutination  test  with  anti-Brucella  abor-
tus  polyclonal  serum  (Difco),  growth  in  the  presence  of
erythritol  sugar  at a range  of  1---2  mg/ml,  growth  in the
presence  of  dyes  such as  thionine  (1:5000  and 1:10  000  dilu-
tions),  basic  fuchsine  (1:25  000  and  1:50  000 dilutions)  and
safranin  (1:5000  and  1:10  000  dilutions)17,24,28,44.  Cellular
morphology  was  established  through  the Gram  stain  tech-
nique  and the Ziehl---Neelsen  or  Stamp’s  modified  staining
methods12,43.

Molecular  identification  of B. abortus  isolates

DNA  extraction

Isolates  of  B.  abortus  were  cultivated  in BHI  agar  for  molec-
ular  identification.  After  an incubation  period  of  48  h  in a 5%
CO2 atmosphere,  bacteria  were  suspended  and inactivated
by  heat.  Genomic  DNA  was  extracted  through  the CTAB-
phenol  chloroform  method,  precipitation  with  ethanol for
the  AMOS-ERY-PCR,  and  IS711-RFLP-Southern  blot  method.
For  the RFLP-Southern  blot  a DNA  concentration  of 400  ng/�l
was  used8,30. For  the  MLVA  technique  the  Brucella  spp.  cul-
tures  were  boiled  for  10  min in T.E. buffer,  centrifuged  at
12  000 ×  g,  5 min  and  then  the  supernatant  was  used  as a
DNA  template25,32.  All DNA  samples  were  preserved  at −20 ◦C
until  they were  used.

Table  1  Description  of  the Brucella  abortus  isolates  used  in this  study

Isolates  Sample  Location  (municipalities)* of  isolation  Year  of  isolation

Ba-Col-B-001  Placenta  Cumbal  1997
Ba-Col-B-002  Vaginal  fluids  Cumbal  1997
Ba-Col-B-003  Fetal  abomasum  content  Pasto  1996
Ba-Col-B-004  Fetal  abomasum  content  Pasto  1996
Ba-Col-B-005  Fetal  abomasum  content  Pasto  1996
Ba-Col-B-006  Fetal  abomasum  content  Pasto  1997
Ba-Col-B-007  Fetal  abomasum  content  Guachucal  1997
Ba-Col-B-008  Fetal  abomasum  content  Guachucal  1996
Ba-Col-B-009  Fetal  abomasum  content  Túquerres  1998
Ba-Col-B-010  Placenta  Ipiales  1997
Ba-Col-B-011  Vaginal  fluids  Ipiales  1997
Ba-Col-B-012  Vaginal  fluids  Pupiales  1997

* All the municipalities belong to the Nariño  Department in Colombia.
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Table  2  Probes  and  primer  sequences  used  in AMOS-ERY-PCR  and  HOOF-Prints-MLVA-2

Technique  Primers  Sequences  5′---3′ Size  bp  Reference

AMOS-ERY-PCR PBa  GACGAACGGAATTTTTCCAATCCC  492  [8]
PBm  AAATCGCGTCCTTGCTGGTCTGA  731  [8]
PBo  CGGGTTCTGGCACCATCGTCG  796  [8]
PBs  GCGCGGTTTTCTGAAGGTTCAGG 285 [8]
IS711  TGCCGATCACTTAAGGGCCTTCAT  [8]
ERY1  CGCCTGCGTGACCTCCAGCTTACCC 1270 [31]
ERY2  GGCCATGACACGCGGCATATAACC

HOOF-Prints-MLVA-2 LOCUS-1  GGTGATTGCCGCGTGGTTCCGTTGAATGAG 144---193 [7]
REV-3 GGGGGCARTARGGCAGTATGTTAAGGGAATAGGG
LOCUS-7  CAGAGCCGTCGGTGGTTACTTGAGTAGGGCAG 91---157 [7]
REV-1 GGGGAGTATGTTTTGGTTGCGCATGACCGC

AMOS-ERY-PCR

A  cocktail  of seven  original  oligonucleotides  was  prepared
as  follows:  IS711  that  hybridizes  with  the IS711  inser-
tion  sequence;  four  oligonucleotides  PBa,  PBm, PBo,  PBs
that  hybridize  inside  the alkB  gene  in variable  distances
of  IS711  generating  amplicons  of  different  species-specific
sizes8,17,23,  and  two  oligonucleotides,  ERY1  and  ERY2  that
hybridize  with  a  region  of  the ery  gene  which  is  common  to
all  the  Brucella  spp.  strains,  except  to vaccine  strain  1930

(Table  2).  PCR  was  carried  out  according  to  the protocol
established  by  Ocampo  et  al.30 as  follows:  a volume  of  25  �l
composed  by  0.3  mM  of dNTPs  (Invitrogen®),  1× PCR  buffer
(Invitrogen®), 1.5  mM  of  MgCl2 (Invitrogen®),  0.2  �M  of  each
primer  1  U  of  Taq  polymerase  (Invitrogen®)  and  30  ng/�l
of  genomic  DNA.  The  amplification  conditions  were: initial
denaturation  at  94 ◦C for  10  min followed  by  30  cycles  of
denaturation  at 94 ◦C for  30  s, annealing  at  60 ◦C  for  30  s,
extension  at 72 ◦C  for  2  min  and a final  extension  at 72 ◦C  for
5  min.

Restriction  fragment length  polymorphism
analysis-IS711  (RFLP-IS711)  and  detection
by Southern  blot

The  restriction  profiles  of  the  IS711  insertion  sequence  were
carried  out  according  to  the protocol  described  previously
by  Bricker  and  Halling8 and Ocampo  et  al.30 with  some  mod-
ifications:  the probe  of approximately  700  bp containing  the
IS711  genetic  element  was  generated  by  PCR  and  marked
with  digoxigenin  (DIG)  using  the  PCR  DIG  Probe  Synthesis
Kit  (Roche  Diagnostics  GmbH)  following  the manufacturer’s
instructions.  The  genomic  DNA of  the B.  abortus  19  vaccine
strain  was  employed  as  a mold.  PBa  and  IS711  primers  were
used  in the probe  construction;  the  PCR  amplification  condi-
tions  were  the  same  as the  ones  employed  in AMOS-ERY-PCR.

For  the  Southern  blot hybridization  technique,  the DNA
of  the  isolates  was  digested  with  the EcoRI (Invitrogen®)
restriction  enzyme,  then  the  restriction  fragments  were
resolved  in agarose  gel  at 1% and  were  transferred  to  nylon
membranes  by  capillarity  (Roche  Diagnostics  GmbH).  The
DNA  transferred  was  hybridized  with  a DIG-labeled  probe,
the  hybridization  signal was  revealed  with  chemilumines-
cence  using  anti-DIG-alkaline  phosphatase  and  CDP-Star

chemiluminescent  substrate  (Roche  Diagnostics  GmbH)  fol-
lowing  the manufacturer’s  instructions.  The  hybridization
signal  was  registered  in chemiluminescent  detection  film
during  a 15-min  exposure  period  at  room  temperature
(Roche  Diagnostics  GmbH).  To establish  the  IS711-RFLP  pro-
files  the film  images were  captured  by  the Gel Doc  EZTM

Bio-Rad photodocumentation  system.

Multiple  locus  variable  number  of tandem  repeat
analysis (MLVA)

The  B.  abortus  isolates  were analyzed  by  the MLVA  tech-
nique  based on  the amplification  of  two  of  the eight  loci
(locus  1  and locus  7) described  in HOOF-Prints  or  hyper-
variable  octameric  oligonucleotide  finger-print  technique6,7

(Table 2). These  two  VNTR  loci  were  chosen  because  they
show a  high  allelic  diversity  between  biovars  and  a high  dis-
criminant  power  between  them,  according  to  Bricker  and
Ewalt6,  Higgins  et al.14 and  Hollender  et  al.15

A multiplex  PCR  protocol  named MLVA-2  and  based
on  the procedure  described  by  Bricker  et al.7 was  stan-
dardized.  The  procedure  is  as  follows:  a volume  of 50  �l
composed  by  0.25  mM of  dNTPs (Invitrogen®),  1×  PCR  buffer
(Invitrogen®), 2.5  mM  of MgCl2 (Invitrogen®), 0.2  �M  of each
primer,  0.6  U of  Taq  polymerase  (Invitrogen®) and  50  ng/�l
of  genomic  DNA.  The  amplification  conditions  were:  initial
denaturation  at 94 ◦C for  2  min  and 32  cycles  of  denatura-
tion  at 94 ◦C  for  15  s, annealing  at  60 ◦C for  20 s, extension
at 72 ◦C  for  1.5  min  and a  final  extension  at 72 ◦C  for  5 min.
Electrophoresis  was  carried  out  at  80  V for 3 h  in an  agarose
gel  at 2.5%,  dyed  with  SYBR  SafeTM DNA  Gel Stain  1×.  For
the  visualization  and  analysis  of  the fragment  sizes  obtained,
the  Gel Doc  EZTM Bio-Rad  image  documenter  was  used.

Results

Phenotypical  identification  of B. abortus  isolates

The microscopic  morphology  using  Gram  stain  showed  gram-
negative  coccobacilli,  and  by  using  Stamp’s  staining,  red
dyed  coccobacilli  were  observed  because  the  genus  Brucella
has  the  property  of  being  partially  acid-alcohol  resistant.
All isolates  showed agglutination  with  the  anti-Brucella
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Figure  1  Multiple  PCR  AMOS-ERY  for  twelve  isolates  of  B.  abortus, vaccine  strains  S19  and  RB51,  reference  strains  B.  abortus

biovar 2,  B.  abortus  biovar  3,  B.  abortus  biovar  4,  B.  abortus  biovar  9 and  negative  control  Salmonella  enteritidis.

abortus  polyclonal  serum  (Difco).  Biochemical  tests  showed
that  all  isolates  were  positive  to  oxidase  and catalase  with
intermediate  urease  enzyme  activity  (the  reaction  occurs
approximately  after  2  h of  incubation).  All  isolates  produced
H2S on  strips  of  lead  acetate  and after  several  passes  the iso-
lates  did  not  need  CO2 for  their  growth  with  the  exception
of  isolates  Ba-Col-B-006  and  Ba-Col-B-012  isolates.  Likewise,
all  the  isolates  grew  in the  presence  of different  concentra-
tions of basic  fuchsine  or  safranin;  however,  they  did  not
grow  in  the  presence  of  thionine.

Molecular  identification

AMOS-ERY-PCR

With  the  multiple  PCR  using  AMOS-ERY  primers,  a  1270 bp
fragment  band  was  observed,  corresponding  to  a  region  of
the  eryC---eryD  genes  in charge  of  erythritol  catabolism  in  all
members  of the Brucella  genus.  Furthermore,  in the  twelve
isolates  and in  the  two  vaccine  strains,  the amplification
of  a  species-specific  B.  abortus  fragment  of approximately
497  bp  was  observed  (Fig.  1).

Restriction  fragment  length  polymorphism
analysis---IS711  (RFLP---IS711)  and detection  by
Southern blot

An  RFLP-IS711  analysis  was  carried  out to try to  differentiate
biovars  and  genetic  variants  among  the  twelve  isolates  used
in  this  study.  This  technique  generated  different  charac-
teristic  hybridization  patterns.  The  hybridization  band  sizes
ranged  approximately  between  4.8  and 9.0  kbp. Four  copies
of  IS711  were  found  in each  pattern  (Fig.  2).

Multiple  locus  variable number  of tandem  repeat
analysis (MLVA)  using  multiple  PCR

Based on  two  selected  VNTR  loci,  the multiple  PCR  called
MLVA-2  allowed  to  easily  obtain  differentiated  genetic  pat-
ters  in  agarose  gels,  both  for  vaccine  RB51  strains  and for
B.  abortus  strain  19,  as  well  as  for  the  four reference  bio-
vars  (B.  abortus  bv. 2, B.  abortus  bv. 3,  B.  abortus  bv.  4 and
B.  abortus  bv. 9).  In  the multiple  PCR  (Fig.  3)  the  twelve
isolates  showed  the same  MLVA  pattern  that  is  also  simi-
lar  to B.  abortus  bv.  4  reference  biovar,  whose  fragment  is
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Figure  2  RFLP-IS711  diagram  showing  reference  and  vaccine
strains as well  as twelve  isolated  strains  of B.  abortus.  1:  DNA
Marker VII,  DIG  labeled;  3, 5, 6  and  7: reference  strains;  8---19:
isolates  B.  abortus  1---12.

approximately  equivalent  to  168  bp  (locus 1) and to  124  bp
(locus  7).  The  homologous  fragments  in the isolates  ranged
from  163  to  170 bp  (locus  1)  and from 119 to  126 bp  (locus 7).

Discussion

Based  on  the morphology  observed  under  the Gram  and
Stamp  stains  and  the phenotypic  test  results,  it was  con-
firmed  that  the isolates  used in  this study  belong  to  the
B.  abortus  species.  The  results  obtained  with  conventional
phenotyping  methods  such  as  the  test  of  sensitivity  to  thio-
nine  and  resistance  to  basic  fuchsine  and safranin  suggest
that  all  the  isolates  belong  to  biovar  1  or  4. All isolates  and
the  RB51  vaccine  strain  grew  in  the  presence  of erythritol
in  contrast  to  vaccine  strain  19,  confirming  that  the  isolates
are  field  strains  and  not  of vaccine  origin12,40,43.

For the  AMOS-ERY  PCR  amplification  a fragment  of
1270  bp  was  observed  in all the  twelve  isolates  and  in  the
RB51  vaccine  strain  but  not  in the S19  vaccine,  in which
a  fragment  of  567  bp  was  observed  due  to  the  deletion  of
702  bp in the  eryC---eryD  genes.  This  finding  confirms  that
the  genus  of the twelve  isolates  was  Brucella.  Moreover,  it
was  possible  to  differentiate  the  twelve  field  isolates  from
strain  19  vaccine.

Through this amplification  it  was  possible  to  obtain  a
497  bp fragment  in the twelve  isolates  and  in the vaccine
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M RBS1 S19 b2 b3 b9 1 2 3 4 5 6 7 8 9 10 11 12 Sal Stp Mb4

Figure  3  Multiple  PCR-MLVA-2  for  RB51  (Vaccine  strain  RB51,  biovar  1), S19  (vaccine  strain  S19,  biovar 1),  b2  (reference  strain
B. abortus, biovar  2),  b3 (reference  strain  B.  abortus,  biovar  3),  b4 (reference  strain  B.  abortus,  biovar  4),  b9 (reference  strain
B. abortus, biovar  9), 1---12  isolates  of  B.  abortus,  Sal:  Salmonella  enteritidis  and  Stp:  Staphylococcus  aureus;  M:  DNA marker  100  bp
Invitrogen

®
.

strains.  Since  this  fragment  is  common  in B.  abortus  bio-
vars  1,  2  and  4, this methodology  cannot  be  considered
for  the  discrimination  among  this three  biovars2,8,12,30,33.
The  patterns  obtained  with  the RFLP-IS711  method  coin-
cide  with  the findings  reported  by  Bricker  and  Halling8 and
Ocampo  et al.30 in  which  no  differentiation  among  these
three  biovars  was  observed.  The  RFLP-IS711 using  the  South-
ern  blot technique  only identified  a profile  but  no  genetic
variability  was  observed  within  the twelve  isolates.  This
suggests  that  these  isolates  belong  to  the same  biovar
or  that  this  technique  does  not have  the sufficient  reso-
lution  power  to  discriminate  among  the  three  biovars  of
B.  abortus11.

The  genetic  homogeneity  observed  in  the twelve  isolates
indicates  the  need  to  complement  this  molecular  identifi-
cation  at  the  biovar  level  using  other  molecular  techniques
focusing  on  genetic  markers  with  a much  higher  resolution
power  to  subtype  this  microorganism.

The  results  obtained  with  the  MLVA  technique  showed
small  size differences  (approximately  7 bp) in  the fragments
of  locus  1  and  locus  7, which  might  be  due  to  deletions  or
insertions  in these  hypervariable  VNTRs,  causing  an increase
or  decrease  in  the number  of  repeated  units  in each locus.
Therefore,  these differences  can  be  observed  with  differ-
ences  in  the  size  of  the bands in the agarose  gel.  This  might
indicate  that  although  it  is  the  same  biovar,  there  are  allelic
variants  within  itself,  and  that  the VNTR  resolution  power  to
identify  genetic  variants  in the biovars  of  the MLVA  scheme
was  useful.  The  MLVA  scheme  shows  minimum  genetic  loci
differences  besides  the  genetic  homogeneity  that  the  mem-
bers  of the  genus  Brucella  have5,1,29.

The  multiple  PCR  also  shows  that  the  two  vaccine  strains
and  the  reference  biovars  3  and  9 show  several  bands.  This
might  be  due  to  the  presence  of multiple  alleles  in  any
of  the  two  loci  that  were  used.  Moreover,  it can  also  be
observed  that although  the  two  vaccine  strains  are  classified
as  biotype  1, they  show a  different  genetic  pattern,  which
coincides  with  the results  obtained  by  Bricker  et  al.6 and
Whatmore  et al.41 These  authors  report  the same  event  with
vaccines  and  reference  strains  that  have been  subcultivated
for  a  long  time.

Due  to  the  high  variability  of  the loci  chosen  for  the
MLVA-2  scheme,  this technique  becomes  a  complemen-
tary  methodology  for  reliable  taxonomical  identification.
However,  as  the MLVA-2  scheme  proposed  in  this  work  is  a
multiple  PCR,  it can be  considered  a  quick  and  economic

technique  to  identify  isolates,  having  the  additional  advan-
tage  of  being  able  to  easily  visualize  biovar  differential
patterns.  Tracking  of  this HOOF-print  stability  strategy
should  be developed  in  strains  and field  isolates  maintained
under  laboratory  conditions,  as  well  as  in loci  VNTR  in order
to  evaluate  the hypervaribility  changes  of  the two  genetic
markers  reported  in this  study.

It has  been  observed  that  B.  abortus  biovars  have
specific  geographic  distributions,  e.g.  B.  abortus  biovars
1  and 2 can be found  almost  everywhere  around  the  world.
Biovars  3 and 4 are less frequent,  although  biovar  4 has  been
reported  in Argentina,  Brazil,  Chile,  Cuba,  Ecuador,  Mexico,
and  Venezuela15,21,27.  In  Colombia,  most  of  the studies  have
focused  on the seroprevalence  of  B.  abortus  in  the coun-
try in animals  as  well  as  in  humans9,20.  However,  the few
studies  that have  focused  on  the  identification  of B.  abor-
tus  strains  that  circulate  in  Colombia  report  the  presence  of
B.  suis bv.  1, B.  canis  and B.  abortus  bv. 1, 2, and  4, being
B.  abortus  bv. 1, the most  commonly  found and associated
with  diseased  animals.  It must  be highlighted  that  similar
studies  aiming  to  genotype  Brucella  spp.  isolates  have  been
carried  out in international  reference  centers  in  countries
such  as  Argentina  by  using  conventional  and  phagotyping
methods10,21.

The identification  in this  study  of  twelve  strains  of
B.  abortus  biovar  4 is  consistent  with  the work  by  Pacheco
et  al.31 in  which  the analysis  of  the  complete  genome  of  the
isolation  Ba-Col  ---  B-012  allowed  to  identify  it as  B.  abortus
biovar  4. A  complementary  identification  will  be  done  by
serological  classification  with  monospecific  anti-A,  anti-M,
which  agglutinate  biovar  1  and biovar  4,  respectively.
This  will  have  to  be conducted  in a Brucella  Reference
Laboratory.  The  identification  of  the  twelve  isolates  as  B.
abortus  biovar  4 cannot  be considered  a rare  event  since
these  isolates  were  obtained  in  the  department  of  Nariño13

and  according  to  studies  carried  out  by  Lucero  et  al.21

with  isolates  acquired  between  1968  and  1991  in 15  Latin
American  countries,  this  biovar  was  reported  in Colombia  as
well  as  in Ecuador.  Recent  studies  conducted  by  Ron-Román
et al.34 and Rodríguez  et  al.33 in northeast  Ecuador  in the
border  with  Colombia,  the  presence  of  B.  abortus  bv.  4 has
been  reported  in humans  as  well  as  in animals.  Similarly,
Minharro  et al.27 identified  this  biovar  in  Rio  Grande  do Sul,
Brazil.  In  this regard,  it will  be necessary  to  check  the  origin
of  these  biovars,  and  if there  is  a relationship  betweenB.
abortus  bv. 4  isolates  in Colombian  cattle  with  other
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isolates  from  the region,  due  to the transportation  of
infected  animals  from  other  regions  or  trade  of  semen  or
other  biological  material  that could  lead  to  biovar  spreading.

Research  works  that  define  the presence  of different  bio-
vars  in  Colombia  as  well  as  in other  South  American  countries
can  be  of  great  help  to  understand  not  only  the epidemi-
ological  dynamics  of  the  disease,  but  also  to  support  the
surveillance  and  control  program  of  bovine  brucellosis  in
the  country  as  well  as  in animals  and humans.  Finally,  this
information  will help  to  establish  studies  to  carry  out the
epidemiological  tracking  of  groups  or clonal  complexes  of
different  biovars  in  the  continent.

Conclusions

This  study  allowed  the identification  of  Colombian  bovine
B.  abortus  isolates  to  biovar  level  by  using  conventional
and  molecular  techniques  with  enough  resolution  power.
Although  several  studies  report  B.  abortus  biovars  1 and  2
as  the  most  common  biovars  found  in Colombia,  the  pheno-
typic  and  molecular  identification  carried  out  in  this  study
confirmed  that  the twelve  Colombian  isolates  obtained  from
dairy  farms  in Nariño,  Colombia  during  the 1990s  belonged
to  B. abortus  biovar  4. This  is  first  study  to  focus  on the phe-
notypic  and  molecular  identification  of B. abortus  isolates
in  Colombia.  However,  due  to  the  fact that  this  study  was
limited  to  a  small  geographical  area, other  studies  should  be
conducted  at  the  national  level to  identify  the  presence  of
biovars  that  could  be  present  in the country.  Moreover,  fur-
ther  information  regarding  their  distribution  is  also  needed
to  contribute  to  a  better  comprehension  of  bovine  brucel-
losis  in  Colombia.

Conflict of interest

The  authors  declare  that  they  have no  conflicts  of interest.

Acknowledgements

The  authors  want  to thank  the Ministry  of Agriculture  and
Rural  Development  of  Colombia  (MADR)  for  funding  this
study  through  Instituto  Colombiano  Agropecuario  (ICA)  that
we  are  also  very  grateful  to for trusting  us to  implement
this  study  via  AGROSAVIA’s  Microorganism  Germplasm  Bank
of  Interest  in  Animal  Health-Bacteria  and  Viruses  (BGSA-BV).
Moreover,  we  want  to  express  our  gratitude  to  AGROSAVIA
for  providing  all  the  infrastructure  necessary  to  conduct
the  entire  research  and  for  managing  all the administrative
issues  that  imply  a large  workload.

References

1. Al Dahouk S, Le Flèche P, Nöckler K,  Jacques I, Grayon M, Scholz
HC, Tomaso H,  Vergnaud G,  Neubauer H. Evaluation of Bru-

cella MLVA typing for human brucellosis. J  Microbiol Methods.
2007;69:137---45.

2. Ali S, Ali Q, Melzer F,  Khan I, Akhter S, Neubauer H, Jamal
SM. Isolation and identification of bovine Brucella isolates from
Pakistan by biochemical tests and PCR. Trop Anim Health Prod.
2014;46:73---8.

3. Ancora M, Marcacci M, Orsini M,  Zilli K,  Di Giannatale E, Garofolo
G, Camma C. Complete genome sequence of  a Brucella ceti ST26
strain isolated from a striped dolphin (Stenella coeruleoalba) on
the coast of  Italy. Genome Announc. 2014;2:1---2.

4. Bardenstein S, Strada V, Banai M. Brucella: a fastidious bacteria
but a virulent pathogen. Vet J. 2010;184:126---7.

5. Bohlin J,  Snipen L,  Cloeckaert A, Lagesen K,  Ussery D, Kristof-
fersen AB, Godfroid J.  Genomic comparisons of Brucella spp.
and closely related bacteria using base compositional and
proteome-based methods. BMC Evol Biol. 2010;10:1---16.

6. Bricker BJ, Ewalt DR. Evaluation of  the HOOF-print assay for
typing Brucella abortus strains isolated from cattle in the United
States: results with four performance criteria. BMC Microbiol.
2005;5:1---10.

7. Bricker BJ, Ewalt DR, Halling SM. Brucella ‘HOOF-Prints’: strain
typing by multi-locus analysis of  variable number tandem
repeats (VNTRs). BMC Microbiol. 2003;3:1---13.

8. Bricker BJ, Halling SM. Differentiation of  Brucella abortus bv.
1, 2, and 4, Brucella melitensis,  Brucella ovis, and Brucella suis

bv 1 by PCR. J  Clin Microbiol. 1994;32:2660---6.
9. Calderón A, Tique V,  Ensuncho C, Rodriguez V. Seroprevalencia

de Brucella abortus en Bufalos de Córdoba seroprevalence of
Brucella abortus in water buffaloes (Bubalus bubalis)  in Cór-
doba. Rev UDCA Act  &  Div Cient. 2010;13:125---32.

10. De la Cuesta-Zuluaga JJ, Sánchez-Jiménez MM, Martínez-Garro
J, Olivera-Angel M.  Identification of  the virB  operon genes
encoding the type IV secretion system, in Colombian Brucella

canis isolates. Vet Microbiol. 2013;163:196---9.
11. Eisenberg T, Hamann HP, Kaim U, Schlez K,  Seeger H, Schauerte

N, Melzer F, Tomaso H, Scholz HC, Koylass MS, Whatmore AM,
Zschöck M. Isolation of potentially novel Brucella spp. from
frogs. Appl Environ Microbiol. 2012;78:3753---5.

12. Garin-Bastuji B, Mick V, Le Carrou G, Allix S, Perrett LL, Daw-
son CE, Groussaud P, Stubberfield EJ, Koylass M, Whatmore AM.
Examination of taxonomic uncertainties surrounding Brucella

abortus bv 7 by phenotypic and molecular approaches. Appl
Environ Microbiol. 2014;80:1570---9.

13. Gonzalez H, Patiño R.  Principales agentes infectocontagiosos
del aborto e  infertilidad en el  ganado lechero de Nariño y el
alto Putumayo. Corpoica Cien Tecnol Agropecuaria; 1999. p.
1---30.

14. Higgins J,  Stuber T, Quance C, Edwards WH, Tiller RV,  Linfield T,
Rhyan J, Berte A, Harris B. Molecular epidemiology of Brucella

abortus isolates from Cattle Elk, and Bison in the United States,
1998 to 2011. Appl Environ Microbiol. 2012;78:3674---84.

15. Hollender D, Conde S, Salustio E, Samartino LE. Detec-
ción de un complejo clonal con el  genotipo de Brucella

abortus biovariedad 2 como fundador en aislamientos de
B. abortus de Argentina. Rev Argent Microbiol. 2013;
45:229---39.

16. Huber B, Scholz HC, Lucero N, Busse HJ. Development of  a  PCR
assay for typing and subtyping of  Brucella species. Int J Med
Microbiol. 2009;299:563---73.

17. Kim J-Y, Kang S-I, Erdenebaataar J,  Vanaabaatar B, Ulziisaikhan
G, Khursbaatar O,  Lee K, Lee JJ, Sung S-R, Jung SC, Park YH, Yoo
H-S, Her M. Distinctive phenotypic and molecular characteris-
tics of Brucella abortus strains isolated from Mongolia. Turkish
J Vet Anim Sci. 2016;40:562---8.

18. Kulakov YK, Zheludkov MM, Sclyarov OD. Variable-number tan-
dem repeat markers for identification of  Brucella abortus 82
and 75/79-AV vaccine strains. Vaccine. 2010;28:F41---5.

19. Leiser OP,  Corn JL,  Schmit BS, Keim PS, Foster JT. Feral swine
brucellosis in the United States and prospective genomic tech-
niques for disease epidemiology. Vet Microbiol. 2013;166:1---10.

20. López Guarnizo P. Estudio descriptivo de la presentación de
brucelosis humana en Colombia desde 2000 hasta 2012. Rev Med
Vet. 2012;28:67---79.

http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0225
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0230
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0235
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0240
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0245
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0250
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0255
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0260
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0265
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0270
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0275
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0280
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0285
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0290
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0295
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0300
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0305
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0310
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0315
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320
http://refhub.elsevier.com/S0325-7541(18)30089-0/sbref0320


228  L.D.  Torres  Higuera  et  al.

21. Lucero NE, Ayala SM, Escobar GJ, Jacob NR. Brucella isolated
in humans and animals in Latin America from 1968 to 2006.
Epidemiol Infect. 2008;136:496---503.

22. Mancilla M, Villarroel M, Saldías M, Soto J, Zárraga AM.
Genotypes of  Brucella abortus field isolates from different geo-
graphical regions of Chile. Arch Med Vet. 2008;40:187---92.

23. Mancilla M,  Ulloa M, Lopez-Goñi, Moriyon I, Zarraga M. Iden-
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