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Abstract
Background:  Peripheral  blood  B  cells  include  lymphocytes  at various  stages  of  differentiation,
each  with  a  specific  function  in the  immune  response.  All  these  stages  show  variations  in
percentage  and  absolute  number  throughout  human  life.  The  numbers  and  proportions  of  B
subpopulation  are  influenced  by  factors  such  as  gender,  age,  ethnicity,  and  lifestyle.  This  study
establishes  reference  values  according  to  age of  peripheral  blood  B cell  subtypes  in  healthy
Mexican population.
Methods:  Peripheral  blood  from  healthy  new-borns  and  adults  were  analysed  for  total  B cell
subpopulations,  using  surface  markers  such  as  CD19,  IgM,  IgD,  CD21,  CD24,  CD27,  and  CD38,
to identify  naïve,  memory  with  and  without  isotype  switch,  double-negative,  transitional,  and
plasmablast  cells.
Results:  We  observed  a  significant  variation  in terms  of  frequency  and  absolute  counts  between
all groups  analysed.  Values  from  each  B cell  subpopulation  show  variations  according  to  age.
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Conclusions:  In  order  to  attempt  to  elucidate  reference  values  for  B cell  subpopulation,  the
present study  evaluated  a  population  sample  of  healthy  blood  donors  from  this  region.  Values
reported here  can  also  be used  as  a  tool  for  diagnosis  of  diseases  in which  B cell  maturation  is
affected.
© 2016  SEICAP.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.

Introduction

Human  peripheral  blood  cell  counts  may  vary  among  healthy
individuals  according  to  age.  These  variations  may  also  be
due  to  pathologies  that  involve  the  immune  system,  i.e.,
primary  immunodeficiency  (PIDs).1 B cell  differentiation  is
a  highly  regulated  process  that varies  according  to  age;  in
embryonic  development,  human  B cells  are generated  in
fetal  liver;  from  new-borns  to  adults,  early  B  cell devel-
opment  occurs  in  bone  marrow,  whereas  differentiation  to
generate  mature  B cells,  memory,  or  plasma  cells  occurs
in  peripheral  lymphoid  organs  such as  the  spleen  or  lymph
nodes.  Peripheral  B  cells  include  immature  B cells, also
called  transitional  B cells,  a population  that  recently  emi-
grated  from  bone  marrow;  these  cells  are in transit  to
peripheral  lymphoid  organs  such as  the spleen  or  lymph
nodes  where  they  fulfill their  maturation.2,3 Antigen  recog-
nition  by  follicular  B cells  together  with  co-stimulation
received  from  follicular  helper  T cells  induces  class-switch
recombination  and B cell differentiation  to  generate  mem-
ory  B  cells.  These  cells  are characterised  by  the loss  of IgD
expression,  the  presence  of  either  IgM,  IgG,  or  IgA and are
usually  identified  by  the surrogate  marker  CD27,  are long-
lived  and,  upon  reencounter  with  antigen,  differentiate  into
antibody-producing  cells  (plasma  cells).3

PIDs  have  a  calculated  incidence  of  1---5  patients  per
100,000  habitants.  Annually,  the European  and  Latin-
American  societies  for  immunodeficiencies  (ESID  and  LASID,
respectively)  report  at least  1000  new  cases  for  PIDs.4 The
statistics  in LASID  show  that  in a single  national  health
institute  at  least  30  new  PIDs  cases  were  identified  per
month,5,6 indicating  that  the calculated  incidence  might
be  underestimated.  Common  Variable  Immune  Deficiency
(CVID)  is,  after  IgA  deficiency,  the most  frequently  diag-
nosed  PID.  CVID  is  characterised  by  low immunoglobulin
levels  (at  least  two  of  the  main  isotypes  are decreased)  due
to  alterations  in peripheral  B cell  development.7 As  CVID
is  diagnosed  at  two  peaks  of  age (children  and  adults;  it is
important  to  have  reference  ranges  of  all  B cell  subpopu-
lations  in  peripheral  blood.8 Three  major  classifications  of
CVID  have  been  proposed,  all  of  them  based  on the  impair-
ment  of  the  B cell phenotypes.9---11 To  predict  associated
clinical  complications,  we  used  Freiburg  Classification;  this
classification  is  based  on  the  decrease  of memory  B cells
and  reported  that  the expansion  of  B cells  CD21low subpopu-
lation  allows  the detection  of  patients  with  the highest  risk
to  develop  splenomegaly  and/or  granuloma.10 Additionally,
most  PIDs  are  diagnosed  during childhood.5 Several  primary
immunodeficiencies  have  shown  impairment  of  central  or
peripheral  B  cell  development,  such as  X-linked  agamma-
globulinaemia  (XLA),  CVID,  or  X-linked  lymphoproliferative
disease  (XLP);  these patients  have a  defective  differentia-
tion  of  precursors  (XLA)  or  mature  B cells  (XLP).7

Immunophenotyping  by  flow  cytometry  has been  used
to  delineate  the stages  of peripheral  B cell  maturation  in
healthy  population  with  the  purpose  of  establishing  ref-
erence  values  according  to  age,  and  to  create  the  basis
for  correlating  the  clinical  data  and the  laboratory  findings
from  patients  with  immunological  diseases.12,13 It  has  been
demonstrated  that lymphocytes  subsets  vary  significantly
depending  on  ethnicity,  exposure  to  infectious  disease,  envi-
ronmental  factors  and age.14 For  that reason,  we  analysed
peripheral  B cell  populations  in  a cohort  of  healthy  Mexican
individuals  ranging  from  neonates  to  adults  with  the  aim  of
establishing  age-dependent  reference  values  for  distinct  B
cell  populations  in  peripheral  blood. We  found  that  total
memory  and  switched  memory  B cells  increase  through-
out  life  and  are  maintained  in adults,  while  transitional  B
cells  decrease  throughout  life.  These  data  may  help  to  iden-
tify  defects  in peripheral  B cell  development  in individuals
suspected  of  suffering  from  PIDs.  The  results  shown  here
demonstrate  that  important  variations  occur  in  B cell  num-
bers  and  this  should  be  taken  into  account  when considering
patients  with  potential  immunological  diseases.

Materials and methods

Study  population

Blood  samples  from  a  total  of  112  healthy  subjects,  taken
between  2009  and  2014,  were  included  in this study.  Blood
samples  included  15  taken  from  umbilical  cord,  and 97
individuals  ranging  from  birth  to  40  years  old.  All blood
samples  were  used for  routine  laboratory  analysis  of com-
mon  haematological  parameters.  Immunological,  infectious,
and  haemato-oncological  diseases  were ruled  out  in all indi-
viduals.  Neonatal  cord  blood  was  obtained  by  venipuncture
immediately  after  clamping.  Samples  were  divided  in the
following  groups: cord  blood,  new-borns,  1 month to  2
years,  3---5, 6---10, 11---18,  and  19---40 years  old.  Demographic
details  of  the tested  population  are  presented  in Table  1.

Table  1  Ages  and  genders  of  the  populations  under  study.

Age  group  Total  number
of subjects

Gender
ratio  F/M

Cord  blood  15  8/7
0---7 days  6 2/4
1---24 months  16  7/9
3---5 years  19  6/13
6---10 years  17  10/7
11---18 years 18  8/10
Adults  21  13/8



Variations  of  B  cell subpopulations  in peripheral  blood  573

C
o

u
n

t
C

o
u
n
t

C
D

2
4
 P

E
C

D
2

7
 P

E

1200
a

b

1000

800

600

400

S
S

C

200

0

0 200 400 600

FSC

800 1000

0.27

1000

800

600

400

200

0

900

600

300

0

10
0

10
1

10
2

10
3

10
4

10
0

10
 1

10
 2

10
 3

10
 4

10
0

10
4

10
3

23.3

R5

R6 R3

R4

58.7

R4
R2

R2

R3

19.6

19.8

70.3

7.5

R1

CD19 APC

CD19 FITC CD38 APC

IgD FITC

9.35

10
2

10
1

10
0

10
4

10
3

10
2

10
1

10
0

10
1

10
2

10
3

10
4

10
0

10
 1

10
 2

10
 3

10
 4

Figure  1  Analysis  of  B cell  subpopulations  by  flow  cytometry.  (a)  CD19+  B cells  (R2)  were  gated  within  the  lymphocyte
side- and  forward-scatter  region  (R1).  Using  panel  1,  the  cells  can be subdivided  into  several  subpopulations:  naïve  B cells
(R3, CD19+CD27−IgD+),  non-switched  memory/marginal-zone-like  (R4,  CD19+IgD+CD27+),  class-switched  memory  B cells  (R5,
CD19+CD27+IgD−), double-negative  B  cells  (R6,  CD19+CD27−IgD−).  (b)  By  using  panel  2, it  is possible  to  distinguish  transitional
B-cells (CD19+CD38++CD24++)  and  plasmablasts  (CD19+CD38+++CD24−).

Additionally,  CD21low B  cells  were  analysed  in 28  samples;
18  adult  healthy  donors  from  20 to  40  years  old  and  10
young  healthy  donors  from  1 to  17  years  old  (supplemen-
tary  Table  1).  The  study  is  part of a  protocol  approved  by  the
local  ethics  committee  of  the  Instituto  Nacional  de  Pediatría
(26/2009)  and  the  protocol  of  Hospital  Juárez  de  México
(HJM2264/13-A),  both  of  which  were  developed  according
to  the  rules  declared  under  the Declaration  of Helsinki.

B  cell  subpopulation  immunophenotyping

Venous  blood  was  collected  using  ethylenediaminetet-
raacetic  acid  (EDTA)-coated  tubes  (Vacutainer;  Becton
Dickinson,  San  Jose,  California,  USA)  and  processed  within
24  h.  Peripheral  blood  mononuclear  cells  (PBMCs)  were
obtained  by  density-gradient  centrifugation  using  standard
procedures.  PBMCs  were  harvested  and washed  with
phosphate-buffered  saline  (PBS)  containing  0.5%  bovine
serum  albumin  (BSA). To  identify  all  B subpopulations,
0.5  ×  106 cells  were  stained  with  combinations  of  the
following  monoclonal  antibodies:  CD19  APC,  CD19  FITC,
IgD  FITC,  CD27  PE,  CD21 PE,  CD24  PE,  and  CD38  APC
(all  from  Becton  Dickinson).  B  cell subsets  were  defined

by  the  following  markers  on  their  surface,  according  to
Morbach  et al.15:  naïve  B cells  (CD19+CD27−IgD+),  class-
switched  memory  B cells  (CD19+CD27+IgD−),  non-switched
memory/marginal-zone-like  B cells  (CD19+IgD+CD27+),
double-negative  B cells  (CD19+CD27−IgD−), transi-
tional  B cells  (CD19+CD38++CD24++),  and  plasmablasts
(CD19+CD38+++CD24−)  (Fig.  1);  and for  CD21low B  cells
(CD19+CD38lowCD21low)  (supplementary  Fig.  1).  Isotype
controls  used  were  anti-CD45  PerCP/�1 FITC/�2 PE  (Becton
Dickinson).  After staining,  cells  were  washed,  fixed  with
1%  paraformaldehyde  in  PBS and  stored  until  analysis.  A
FACS  Aria  1 flow  cytometer  (Becton  Dickinson)  was  used
to  acquire  30,000  events  and FlowJo  (Treestar)  was  used
for  analysis  of  each B cell  subpopulation.  Leucocyte  counts
and  total  lymphocytes  per  mm3 were  determined  using  a
haematology  analyser  (Coulter  LH 500).

Statistical  analysis

All  results  are presented  as  median  values  with  ranges
between  the 5th  and  95th  percentile,  to  avoid  distribu-
tional  assumptions.  Data  were  analysed  using  Kruskal---Wallis
test  for  non-parametric  data  using  Sigma  Plot  v12.0,  to
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Table  2  Total  numbers  of  lymphocytes  and  B cells  according  to  age.

Age  group  %  lymphocytes  Absolute  counts  total
lymphocytes  (mm3)

%  B cells  Absolute  counts
B cells  (mm3)

Cord  blood  46  (29---73)  4420  (903---8288)  12  (8---35)  486  (108---1786)
0---30 days  46  (13---77)  4297  (949---6160)  12  (6---42)  468  (57---2341)
1---24 months  51  (34---75)  4198  (2062---7643)  17  (5---31)  577  (227---1305)
3---5 years  47  (30---67)  3248  (2298---4410)  14  (7---25)  423  (235---998)
6---10 years  44  (27---62)  2672  (1525---4353)  11  (7---18)  288  (163---592)
11---18 years  37  (30---55)  2503  (1650---3411)  9.1  (6---23)  231  (135---772)
Adults 35  (24---55)  2263  (1279---3648)  10  (6---22)  240  (126---534)

Values within parenthesis represent median (5th---95th percentile range).

verify  statistical  difference  of  results  between  individual
age  groups.  Two-group  comparisons  were  performed  using
a  Mann---Whitney  test.

Results

Variations  in  total  B cells

The  tested  population  was  composed  of 112 healthy  children
and  adults  from  seven  groups  of  age,  ranging  from  new-
borns  to  young  adults,  as  noted  in  Materials  and  Methods.
Absolute  B  cell numbers  during  the first  months  of  life  were
higher  than  values  observed  in  adults;  additionally,  total
numbers  gradually  decreased  throughout  life.  Furthermore,
an  expansion  of  the  total  naïve  B cells  pool (transitional
cells)  was  observed  in the youngest  age group  (Table  2).

Total,  switched  memory,  non-switched  memory,  naïve,
transitional,  double-negative  B  cells,  and  plasmablasts  were
identified  in all age groups.  The  frequency  and  total  num-
ber  of  distinct  B cells  are shown  as  median  values  as well
as  the  interquartile  ranges  (5th  and  95th  percentiles)  in
Tables  3 and  4.

Frequency  variations of naïve,  memory,
transitional  B  cells  and  plasmablasts

The  composition  of  the B  cell  subsets  showed  age-dependent
variations;  whereas  the  frequency  of  transitional  B cells,
as  well  as naïve  B cells,  decreased  rapidly  during  the first
years  of life  (Fig.  2b and  c),  the frequencies  of switched
and  non-switched  memory  B  cells  increased  slowly  through-
out  life  (Fig. 2d---f). The  frequency  of  double-negative  B cells
(CD27−IgD−)  increased  during  the  first days  of age  and  did
not  show  further  age-related  variations.  Plasmablasts  were
rarely  detected  in  the peripheral  blood  (Fig.  2g  and h).

Variation  in absolute  numbers  of naïve,  memory,
transitional  B  cells,  and plasmablasts

The  absolute  counts  of  distinct  B  cell  subsets  depend  on the
relative  frequency  of  each  B  cell  subset  as  well  as  the devel-
opmental  changes  in the total  B cell count  during  ageing.  The
number  of total  B cells  decreased  throughout  life  (Fig.  3a).
Naïve  B  cells  upon  encounter  with  antigen  gradually  differ-
entiate  into  memory  B cells  (CD27+)  (Fig.  3b). We  observed

that  the  memory  B cell  pool  is  complete  in children  after 10
years  of age,  reaching  the levels  seen  in adults  (Fig.  3c).  The
absolute  numbers  of  non-switched  memory  B  cells  is  very  low
and  almost  invariable  in the first  months  of  life;  this popula-
tion  increases  rapidly  in  childhood  and gradually  decreases
in  adults  (Fig.  3e).  Class-switched  memory  B cells  are  very
important  for  the  secondary  immune  responses  and include
B cells  that  are  able  to  produce  immunoglobulins  other  than
IgM.  Total  numbers  of  memory  B cells  increase  in  adults  and
are  almost  absent  in  new-borns.  Double-negative  B cells
(CD27−IgD−)  are  particularly  numerous  in  new-borns,  in
contrast  to  children  from  other  age groups  (Fig.  3f).  Tran-
sitional  B cells  are  a  relatively  high  percentage  of  total  B
cells  in  cord  blood  but  decrease  significantly  in peripheral
blood  during  the first  years  of  life  (Fig.  3b).  The  plasmablasts
represent  the last  step  in the differentiation  of  B  cells.  They
include  a minor B cell  subpopulation  that  is  usually  not more
than  20  cells  per  mm3 (Fig.  3h).

B  cells with  low expression  of CD21

The  expression  of  CD21  was  further  analysed  on  B cells  (sup-
plementary  Fig.  1)  only in  two  groups:  18  healthy  donors
from  20  to  40  years  old  and  10  healthy  donors  from  1 to
17  years  old. The  CD21low population  was  similar  between
both  groups,  the adult  healthy  donors  showed  a media  of
4%  (range  0.3---11, 5th  and  95th  percentile),  while  the  1---17
year  old healthy  donors  showed  a media  of  4% (range  0.5---17)
(supplementary  Table  1);  no  significant  differences  were
found  between  both  groups  (p  =  0.7145)  (supplementary  Fig.
2).  As  the Freiburg  classification  suggests  a  cut-off  of  more
than  20%  for CD21low B cells,  our  results  indicate  that  this
cut-off  parameter  is  suitable  for  Mexican  individuals  to  dif-
ferentiate  them  from  patients  with  CVID.

Discussion

Several  markers  have  recently  been  used  to  characterise
B  cell  subpopulations.  The  maturation  of  these  cells  is  a
tightly  regulated  process  that  depends,  among  many  other
factors,  on  age  and  the  immunological  status  of  individ-
uals.  Their development  is  a complex  process  that  begins
in  the  bone  marrow  and continues  in peripheral  lymphoid
tissues.3 After  emerging  from  bone  marrow  and  migrating
to  the periphery,  B cells  pass  through  several  consecutive
developmental  stages.  The  naïve  B cells  differentiate  into
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Table  3  Percentages  of B  cell  subpopulations  in  healthy  donors  according  to  age.

B  cell
subpopulations

Transitional  B cells
CD24+++CD38+++
(%B)

Naïve
CD27−IgD+  (%B)

Total  memory
CD27+  (%  B)

Non-switched  memory/
marginal  zone  like
CD27+IgD+  (%B)

Switched  memory
CD27+IgD−  (%B)

Double-negative
CD27−IgD−  (%B)

Plasmablast
CD24−CD38+++  (%B)

Age  group

Cord  blood  30  (17---38)  88  (84---94)  4.8  (2.2---7.7)  4.3  (2---7)  0.4  (0.04---0.8)  7  (4---10)  0.5  (0.1---1.6)
0---7 days  20  (5---60)  87  (77---95)  4.5  (3---15)  3.5  (1---14)  3 (0.0---6)  7  (2---12)  0.5  (0.3---2)
1---24 months  8  (3---19.7)  78  (57.4---92.1)  17.5  (5.1---28.2)  7.5  (4---16.7)  7.5  (1.1---20.3)  3.5  (1.3---13.4)  0.6  (0.2---0.9)
3---5 years  6  (2---18)  68  (55.3---79)  25  (15.3---35.5)  12  (6.5---18.5)  14.1  (6.4---21.6)  5.8  (2---10.3)  0.9  (0.3---2)
6---10 years  4  (0.3---12)  64  (45.7---76.6)  30  (19.7---44.3)  12  (8---18.3)  19  (7.7---31.6)  5  (3---15)  0.55  (0.3---3)
11---18 years  4.5  (0.5---10)  62.8  (49---86.2)  26  (10.4---44.2)  9.2  (3.16---22.4)  15.5  (5.4---28)  5  (2---13)  0.35  (0.2---1)
Adults 2  (0.05---7)  64  (46---78.4)  32  (19.1---44)  12  (6.1---23.4)  21  (7.6---24.4)  5  (2---11.3)  1 (0.05---4.4)

Values within parenthesis represent median (5th---95th percentile range).

Table  4  Absolute  numbers  of  B cell  subpopulations  in healthy  donors  according  to  age.

B  cell
subpopulations

Transitional  B cells
CD24+++CD38+++
(mm3)

Naïve
CD27−IgD+  (mm3)

Total  memory
CD27+  (mm3)

Non-switched  memory/
marginal  zone  like
CD27+IgD+  (mm3)

Switched  memory
CD27+IgD−  (mm3)

Double-negative
CD27−IgD− (mm3)

Plasmablast
CD24−CD38+++
(mm3)

Age  group

Cord  blood 117  (37---500) 438  (96---1607) 24  (4.5---74) 22  (4.3---7) 1.6  (0.3---5) 34  (7---107) 2.2  (0.7---7)
0---7 days  131  (3---491)  394.5  (44---2060)  16  (9---117)  16.5  (3---73)  12.5  (0.0---70)  50  (4---164)  9.5  (0.0---17)
1---24 months  77  (10---168.2)  454  (139.2---1127.1)  80.5  (29---157.6)  39  (16.6---115.2)  41.5  (6.2---81.2)  21  (8.9---63.7)  4  (1---9)
3---5 years  29  (10---166)  252  (175.5---653.7)  107  (45.5---303.4)  45.5  (21.2---154.6)  65.5  (20---176.4)  26  (8.2---81)  5  (2---7)
6---10 years  12  (0.7---50)  170  (100---329)  115  (33---248.4)  43  (15---75.7)  54  (12.8---174.7)  23  (5---61)  2.5  (0.5---8)
11---18 years  13.5  (1---50)  150  (88---646.4)  62.5  (21.8---138.4)  23.5  (6.4---73)  37  (11.4---77.8)  13  (4.7---30.2)  2  (0.5---4)
Adults 3 (0.1---17)  153  (74.2---363.4)  68  (43.1---142.6)  31  (14.2---63.4)  46  (16---95.4)  13  (3.5---30.3)  2  (0.05---18)

Values within parenthesis represent median (5th---95th percentile range).
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Figure  2  Evolution  of  the  percentages  of  different  B cell  subpopulations  according  to  age.  Results  represent  the  medians  within
the 5th  and  95th  percentiles.  CB:  cord  blood;  d:  days;  m:  months;  y: years;  A: adults.

memory  B cells  as  a  result  of  antigen-induced  activation.
Memory  B  cells  rapidly  differentiate  into  plasma  cells  when
they  are  exposed  to  a second  boost  with  the  same  antigen.2

The  maturation  process  of B cells  is  accompanied  by changes
in  expression  of  specific  markers  on  the cell  surface.  Sev-
eral  B  cell  subpopulations,  reflecting  individual  maturation
stages,  and  can  be  detected  in peripheral  blood  by  multi-
colour  flow  cytometry.2,16

An  impaired  generation  of  B cell subpopulations  is
characteristic  of  several  PIDs  and  other  immunological,
haematological,  and  infectious  diseases.  B cells  that have
recently  emigrated  from  bone  marrow  can be  detected
in  peripheral  circulation;  they have  been  denominated  as
transitional  B cells.  These  cells  can  be  distinguished  by
expression  of  CD10,  together  with  high  expression  of  CD38,

CD24,  and  IgM.17 Significantly  high  levels  of  these  cells  in
cord  blood  and  peripheral  blood  have  been  reported  in
several  pathological  conditions  such as  human  immunode-
ficiency  virus  infection,18 B cell-activating  factor  receptor
deficiency  and  other  diseases.12,19

Plasmablasts  can also  be found,  albeit  in low  numbers,
in  peripheral  blood,  and  they  are recognised  by  their  high
expression  of  CD38.  They  are  found  in similar  proportions
in all  age  groups  and never  exceed,  under  normal  cir-
cumstances,  5%  of  the  total  B cell population.15 Increased
number  of  plasmablasts  correlates  with  disease  activity,  and
have  been  observed  in systemic  lupus erythematous.20

Human  naïve  B cells  comprise  about  60---70%  of all  circu-
lating  B cells  and  have un-mutated  IgV regions.  In  contrast,
memory  B cells  (20---30%) display  mutations  within  their  IgV
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Figure  3  Evolution  of  the  absolute  numbers  of  different  B cell  subpopulations  according  to  age.  Results  represent  the  medians
within the  5th  and  95th  percentiles.  CB:  cord  blood;  d: days;  m:  months;  y:  years;  A: adults.

regions.2 Different  approaches  for  the characterisation  of  B
cell  subpopulations  have  been  proposed,  although  the dif-
ferential  expression  of  CD27  and IgD  has  become  accepted
as  standard  for their  characterisation.21 Both  CD27  and  sur-
face  IgD  were  used  in this work  to  identify  and  characterise
these  subpopulations,  and  the numbers  are  similar  to those
which  have  been  described  in similar  reports.12

Naïve  B  cells,  defined  by  the expression  of  CD19  and IgD
and  the  lack  of  CD27 on  their  surface,  gradually  decrease
with  age.  The increase  in the numbers  of  these  cells  seen
in  some  pathologies  is  likely  due  to  a decrease  in memory  B
cells  and  not  to  a  higher  B cell  lymphopoiesis  by  the bone
marrow.  Some  primary  antibody  deficiencies  are  charac-
terised  by  an  increase  in naïve  B cell levels,  such as  X-linked
hyper-IgM  syndrome,22 and  in  some  patients  with  CVID.23

It has  been  suggested  that  CD27  distinguishes  two  types
of  memory  B cells.  CD27+IgD+  memory  B cells  may  be  gen-
erated  independently  of  the  germinal  centre  reaction,  and
may  correspond  to  or  may  include  circulating  marginal  zone
B cells,  which  respond  to  T-independent  antigens.24 In con-
trast,  CD27+IgD− memory  B cells represent  post-germinal
centre  B cells.  These  populations  are almost  undetectable  in
some  diseases  with  abnormal  splenic  function.25,26 Reduced
numbers  of  these  B cell  subpopulations  have also  been
described  in  monogenic  deficiencies  such  as  CD19, CD81,
CR2,  MS4A1, and  LRBA, defects  that  have  been  associated
with  CVID27---31 and X-linked  lymphoproliferative  disease.32

The  absence  of  switched  memory  B cells  (CD27+IgD−)  is
highly  suggestive  of a  disrupted  germinal  centre  reaction.
Humans  with  defective  germinal  centre reactions  due  to
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CD40L  and  ICOS  deficiencies  lack  this  subpopulation  of
B  cells.16 Abnormal  proportions  of  switched  memory  B
cells  have  been  described  in several  conditions,  such  as
Wiskott---Aldrich  syndrome,33 X-linked  lymphoproliferative
syndrome,32 AID,  UNG,  PMS,  CD4034 and  TACI  deficiency,35

as  well  as  some  patients  with  CVID.36

The  double-negative  CD27−IgD−  B  cells,  although  lack-
ing  CD27  surface  expression,  have  properties  of  memory  B
cells  since  they are hyper-mutated.  A previous  study  has
demonstrated  that  this  subset  is  also  particularly  numerous
in  cord  blood  but  may  represent  two  different  populations
with  similar  phenotypes  that  rapidly  decrease  in number
during  the  first  year  of  life.12 These  memory  B  cells  have
been  observed  to  be  expanded  in lupus,37 chronic  infectious
disease  (HIV,  malaria)38,39 and  in some  patients  with  CVID
(unpublished  observations).  The  role  of the CD27−IgD−  B
cell  subpopulation  is  currently  not  well  understood.

Finally,  the  CD21low B cells  and CD27+IgD−  memory  B cells
were  described  for  the Freiburg  Classification.10 Peripheral
B  cell  homeostasis  is  severely  disturbed  in CVID patients  and
the  expansion  of CD21low B  cells  are  detected  in a group
of  CVID  patients;  the  expansion  of  these  cells  correlate
with  the  presence  of  splenomegaly  and  autoimmune  dis-
eases  in  CVID.40 Additional  groups  of  CVID patients  show
severely  reduced  class-switched  memory  B cells  (CD27+,
IgD+),  (<0.4%  of  lymphocytes),  or  nearly  normal  number
of  class-switched  memory  B cells  (>0.4%  of  lymphocytes).10

Those  patients  with  low  memory  B cells  have  been  subdi-
vided  into  a group  with  expanded  CD21low B cells  (> 20%
CD19+  B  cells)  and  a group  with  less  than  20%  of  CD21 low  B
cells.  In  other  reports  show that  CD21low B cells  levels  were
low  throughout  life.12 We  analysed  18  healthy  adults  and  10
young  healthy  individuals  (1---17  years  old) (supplementary
Table  1),  and  we  found no  significant  differences  in the per-
centages  of  CD21low  B cells  (0.3---11%  in 1---17  years  old and
0.5---17%  in  adults)  (Supplementary  Fig.  2).  These  data  agree
with  previous  reports,  suggesting  that  the increase  of  CD21
low  B  cells  is  associated  with  immune  dysregulation.41

Importantly,  this study  has  established  references  ranges
for  B cell  subpopulations  of  healthy  Mexican  population,
while  it  may  also  help  to  understand  different  diseases  asso-
ciated  with  deregulation  of  humoral  immune  responses.  Our
results  show  significant  changes  in both  percentages  and
absolute  numbers  of  all  subpopulations  in all  age  groups
studied;  such  data  would be  beneficial  to  clinicians  in iden-
tifying  possible  pathologies  that  affect  B cells.

Conclusion

B  cell  subpopulation  levels  show significant  variation
throughout  life,  information  that  could  be  valuable  in
immunology  or  rheumatology  clinics.  The  reference  values
established  in  this  study  may  be  useful  in  the  diagnosis  of
pathologies  in which  B  cell  maturation  is  affected.

Ethical disclosures

Confidentiality  of  data. The  authors  declare  that  they have
followed  the protocols  of  their  work  centre  on  the  publi-
cation  of  patient  data  and that  all the patients  included
in  the  study  have received  sufficient  information  and have

given  their  informed  consent  in  writing  to  participate  in that
study.

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  the  procedures  followed  were in
accordance  with  the regulations  of  the  responsible  Clinical
Research  Ethics  Committee  and  in accordance  with  those  of
the  World  Medical  Association  and  the Helsinki  Declaration.

Authorship

We  assure  that  all authors  included  on  a  paper  fulfil  the crite-
ria  of  authorship.  All authors  have participated  in conception
and  design,  or  analysis  and  interpretation  of  data.  All
authors  gave  approval  of  the final  version  to  be  published.

Conflict of  interest

The  authors  have no  conflict  of  interest  to declare.

Acknowledgments

This  work  was  partially  supported  by  the Instituto  de  Ciencia
y  Tecnología  del Distrito  Federal  (grant  #  ICYTDF/226/2012),
the Consejo  Nacional  de Ciencia  y  Tecnología  (CONACYT,
México)  (grants  # FOSISS-2013-01-202111,  CB-2010-01-
154472,  and FOSISS-161089),  and  the Fundación  Mexicana
para  los  Niños  con  Inmunodeficiencias  Primarias  (FUNEMI),
A.C.

Laura  Berrón-Ruiz,  Gabriela  López-Herrera,  Francisco
Espinosa-Rosales,  and  Leopoldo  Santos-Argumedo  are  SNI
fellows.  Laura  Berrón-Ruiz  received  a postdoctoral  scholar-
ship  (CVU  44813)  from  CONACYT,  México.

The  authors  thank  Héctor  Romero-Ramírez,  Víctor  Hugo
Rosales-García,  and  Mariela  Trujillo-de  la  Cruz  for  their  tech-
nical  assistance.

Appendix A.  Supplementary data

Supplementary  data  associated  with  this article  can  be
found,  in the online  version,  at http://dx.doi.org/10.1016/
j.aller.2016.05.003.

References

1. Notarangelo LD. Primary immunodeficiencies. J Allergy Clin
Immunol. 2010;125 Suppl. 2:S182---94.

2. Perez-Andres M,  Paiva B, Nieto WG, Caraux A, Schmitz A,
Almeida J,  et al.  Human peripheral blood B-cell compartments:
a crossroad in B-cell traffic. Cytom Part B Clin Cy. 2010;78 Suppl.
1:S47---60.

3. LeBien TW, Tedder TF. B lymphocytes: how they develop and
function. Blood. 2008;112:1570---80.

4. Grimbacher B, Party ERW. The European Society for Immunodefi-
ciencies (ESID) registry 2014. Clin Exp Immunol. 2014;178 Suppl.
1:18---20.

5. Errante PR, Franco JL, Espinosa-Rosales FJ, Sorensen R,
Condino-Neto A. Advances in primary immunodeficiency

http://dx.doi.org/10.1016/j.aller.2016.05.003
http://dx.doi.org/10.1016/j.aller.2016.05.003
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0210
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0215
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0220
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0225
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230


Variations  of  B  cell subpopulations  in peripheral  blood  579

diseases in Latin America: epidemiology, research, and perspec-
tives. Ann N  Y Acad Sci. 2012;1250:62---72.

6. Gathmann B, Binder N,  Ehl S,  Kindle G, Party ERW. The
European internet-based patient and research database for
primary immunodeficiencies: update 2011. Clin Exp Immunol.
2012;167:479---91.

7. Durandy A, Kracker S, Fischer A. Primary antibody deficiencies.
Nat Rev Immunol. 2013;13:519---33.

8. Salzer U, Warnatz K, Peter HH. Common variable immunodefi-
ciency ---- an  update. Arthritis Res Ther. 2012;14:223.

9. Piqueras B, Lavenu-Bombled C, Galicier L,  Bergeron-van der
Cruyssen F, Mouthon L,  Chevret S, et al. Common variable
immunodeficiency patient classification based on impaired B
cell memory differentiation correlates with clinical aspects. J
Clin Immunol. 2003;23:385---400.

10. Warnatz K, Denz A, Drager R, Braun M, Groth C, Wolff-
Vorbeck G,  et al. Severe deficiency of  switched memory B cells
(CD27(+)IgM(−)IgD(−)) in subgroups of patients with common
variable immunodeficiency: a new approach to classify a het-
erogeneous disease. Blood. 2002;99:1544---51.

11. Wehr C, Kivioja T,  Schmitt C, Ferry B, Witte T,  Eren E, et  al.
The EUROclass trial: defining subgroups in common variable
immunodeficiency. Blood. 2008;111:77---85.

12. Piatosa B, Wolska-Kusnierz B, Pac M, Siewiera K, Galkowska E,
Bernatowska E. B cell subsets in healthy children: reference
values for evaluation of  B cell maturation process in peripheral
blood. Cytom Part B Clin Cy. 2010;78:372---81.

13. Duchamp M, Sterlin D, Diabate A, Uring-Lambert B, Guerin-El
Khourouj V, Le Mauff B, et  al. B-cell subpopulations in children:
national reference values. Immun Inflamm Dis. 2014;2:131---40.

14. Mandala WL, Ananworanich J, Apornpong T, Kerr SJ, MacLen-
nan JM, Hanson C, et al. Control lymphocyte subsets: can one
country’s values serve for another’s? J Allergy Clin Immunol.
2014;134:759---61, e8.

15. Morbach H, Eichhorn EM, Liese JG, Girschick HJ. Reference val-
ues for B cell subpopulations from infancy to adulthood. Clin
Exp Immunol. 2010;162:271---9.

16. Warnatz K,  Schlesier M.  Flowcytometric phenotyping of com-
mon variable immunodeficiency. Cytom Part B Clin Cy.
2008;74:261---71.

17. Sims GP, Ettinger R,  Shirota Y, Yarboro CH, Illei GG, Lipsky PE.
Identification and characterization of  circulating human transi-
tional B cells. Blood. 2005;105:4390---8.

18. Pensieroso S, Galli L, Nozza S, Ruffin N,  Castagna A, Tambussi G,
et  al. B-cell subset alterations and correlated factors in HIV-1
infection. Aids. 2013;27:1209---17.

19. Warnatz K, Salzer U, Rizzi M, Fischer B, Gutenberger S, Bohm J,
et al. B-cell activating factor receptor deficiency is associated
with an adult-onset antibody deficiency syndrome in humans.
Proc Natl Acad Sci U  S A. 2009;106:13945---50.

20. Dorner T, Lipsky PE. Correlation of  circulating CD27high plasma
cells and disease activity in systemic lupus erythematosus.
Lupus. 2004;13:283---9.

21. Agematsu K, Hokibara S, Nagumo H, Komiyama A. CD27: a  mem-
ory B-cell marker. Immunol Today. 2000;21:204---6.

22. Agematsu K,  Nagumo H, Shinozaki K, Hokibara S, Yasui K,
Terada K, et  al.  Absence of IgD-CD27(+) memory B cell popu-
lation in X-linked hyper-IgM syndrome. J Clin Invest. 1998;102:
853---60.

23. Ferry BL, Jones J, Bateman EA, Woodham N, Warnatz K, Schle-
sier M, et  al. Measurement of peripheral B cell subpopulations in
common variable immunodeficiency (CVID) using a whole blood
method. Clin Exp Immunol. 2005;140:532---9.

24. Weller S, Braun MC,  Tan BK, Rosenwald A,  Cordier C, Conley ME,
et  al. Human blood IgM memory B cells are circulating splenic
marginal zone B cells harboring a  prediversified immunoglobulin
repertoire. Blood. 2004;104:3647---54.

25. Di Sabatino A, Rosado MM, Ciccocioppo R, Cazzola P, Morera R,
Corazza GR, et al. Depletion of  immunoglobulin M  memory B
cells is associated with splenic hypofunction in inflammatory
bowel disease. Am J  Gastroenterol. 2005;100:1788---95.

26. Martinez-Gamboa L, Mei H, Loddenkemper C, Ballmer B, Hansen
A, Lipsky PE, et  al. Role of the spleen in peripheral memory
B-cell homeostasis in patients with autoimmune thrombocy-
topenia purpura. Clin Immunol. 2009;130:199---212.

27. van Zelm MC,  Reisli I,  van der Burg M,  Castano D, van Noesel
CJ,  van Tol MJ, et al.  An antibody-deficiency syndrome due to
mutations in the CD19 gene. N  Engl J Med. 2006;354:1901---12.

28. van Zelm MC,  Smet J, Adams B, Mascart F, Schandene L, Janssen
F, et  al. CD81 gene defect in humans disrupts CD19 com-
plex formation and leads to antibody deficiency. J  Clin Invest.
2010;120:1265---74.

29. Thiel J,  Kimmig L, Salzer U, Grudzien M,  Lebrecht D, Hagena T,
et al. Genetic CD21 deficiency is associated with hypogamma-
globulinemia. J  Allergy Clin Immunol. 2012;129:801---10, e6.

30. Kuijpers TW, Bende RJ, Baars PA,  Grummels A, Derks IA,
Dolman KM, et al. CD20 deficiency in humans results in
impaired T cell-independent antibody responses. J Clin Invest.
2010;120:214---22.

31. Lopez-Herrera G,  Tampella G, Pan-Hammarstrom Q, Herholz P,
Trujillo-Vargas CM, Phadwal K,  et  al. Deleterious mutations in
LRBA are associated with a syndrome of  immune deficiency and
autoimmunity. Am  J  Hum Genet. 2012;90:986---1001.

32. Ma CS, Pittaluga S,  Avery DT, Hare NJ, Maric I,  Klion
AD, et  al. Selective generation of  functional somatically
mutated IgM+CD27+, but not Ig  isotype-switched, memory B
cells in X-linked lymphoproliferative disease. J  Clin Invest.
2006;116:322---33.

33. Park JY, Shcherbina A, Rosen FS, Prodeus AP, Remold-O’Donnell
E. Phenotypic perturbation of  B cells in the Wiskott---Aldrich
syndrome. Clin Exp Immunol. 2005;139:297---305.

34. Piatosa B, Birbach M, Siewiera K, Ussowicz M,  Kalwak K,  Drabko
K, et al. Significant changes in the composition of  the precursor
B-cell compartment in children less than 2 years old. Cytom Part
B Clin Cy. 2013;84:179---86.

35. He B, Santamaria R, Xu W,  Cols M,  Chen K,  Puga I,  et al. The
transmembrane activator TACI triggers immunoglobulin class
switching by activating B cells through the adaptor MyD88. Nat
Immunol. 2010;11:836---45.

36. Piatosa B, Pac M, Siewiera K, Pietrucha B, Klaudel-Dreszler
M, Heropolitanska-Pliszka E, et  al.  Common variable immune
deficiency in children --- clinical characteristics varies depend-
ing on  defect in peripheral B cell maturation. J  Clin Immunol.
2013;33:731---41.

37. Wei C, Anolik J, Cappione A, Zheng B, Pugh-Bernard A, Brooks
J, et al. A new population of cells lacking expression of
CD27 represents a notable component of  the B cell mem-
ory compartment in systemic lupus erythematosus. J  Immunol.
2007;178:6624---33.

38. Moir S,  Ho J, Malaspina A, Wang W, DiPoto AC, O’Shea MA, et al.
Evidence for HIV-associated B cell exhaustion in a dysfunctional
memory B cell compartment in HIV-infected viremic individuals.
J Exp Med. 2008;205:1797---805.

39. Weiss GE, Crompton PD, Li S, Walsh LA, Moir S, Traore B, et al.
Atypical memory B cells are  greatly expanded in individuals liv-
ing in a malaria-endemic area. J Immunol. 2009;183:2176---82.

40. Rakhmanov M,  Keller B, Gutenberger S, Foerster C, Hoenig M,
Driessen G, et  al. Circulating CD21low B cells in common vari-
able immunodeficiency resemble tissue homing, innate-like B
cells. Proc Natl Acad Sci U S  A. 2009;106:13451---6.

41. Warnatz K, Wehr C, Drager R, Schmidt S, Eibel H, Schlesier M,
et al. Expansion of CD19(hi)CD21(lo/neg) B cells in common
variable immunodeficiency (CVID) patients with autoimmune
cytopenia. Immunobiology. 2002;206:502---13.

http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0230
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0235
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0240
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0245
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0250
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0255
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0260
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0265
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0270
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0275
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0280
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0285
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0290
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0295
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0300
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0305
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0310
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0315
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0320
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0325
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0330
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0335
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0340
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0345
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0350
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0355
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0360
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0365
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0370
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0375
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0380
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0385
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0390
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0395
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0400
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0405
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410
http://refhub.elsevier.com/S0301-0546(16)30094-5/sbref0410

	Variations of B cell subpopulations in peripheral blood of healthy Mexican population according to age: Relevance for diag...
	Introduction
	Materials and methods
	Study population
	B cell subpopulation immunophenotyping
	Statistical analysis

	Results
	Variations in total B cells
	Frequency variations of naïve, memory, transitional B cells and plasmablasts
	Variation in absolute numbers of naïve, memory, transitional B cells, and plasmablasts
	B cells with low expression of CD21

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

	Authorship
	Conflict of interest
	Acknowledgments
	Appendix A Supplementary data
	References


