
Anais Brasileiros de Dermatologia 2022;97(3):338---347

Anais Brasileiros de

Dermatologia
www.anaisdedermatologia.org.br

REVIEW

Leprosy:  clinical  and  immunopathological

characteristics�

Luis Alberto Ribeiro Froes Junior a,∗,  Mirian Nacagami Sotto a,b,
Maria  Angela Bianconcini Trindade c,d

a Department  of Pathology,  Faculty  of Medicine,  Universidade  de São  Paulo,  São Paulo,  SP,  Brazil
b Department  of  Dermatology,  Faculty  of  Medicine,  Universidade  de  São  Paulo,  São  Paulo,  SP,  Brazil
c LIM56,  Hospital  das  Clínicas,  Faculty  of  Medicine,  Universidade  de  São  Paulo,  São  Paulo,  SP,  Brazil
d Instituto  de Saúde,  Secretaria  de  Estado  da  Saúde,  São  Paulo,  SP,  Brazil

Received  19 May  2021;  accepted  16  August  2021

Available  online  2  April  2022

KEYWORDS
Immunology;
Leprosy;
Lymphocyte
activation;
Mycobacterium

leprae

Abstract  Leprosy,  a  disease  caused  by Mycobacterium  leprae, has  polymorphic  neurocuta-

neous manifestations  strongly  correlated  with  the  host immune  response.  Peripheral  neural

damage can lead  to  sensory  and  motor  losses,  as  well  as  deformities  of  the  hands  and  feet.

Both  innate  and  acquired  immune  responses  are  involved,  but  the  disease  has  been  classically

described along  a  Th1/Th2  spectrum,  where  the Th1  pole  corresponds  to  the  more  limited

presentations and  the  Th2 to  the  multibacillary  ones.  The  aim  of  this review  is  to  discuss  this

dichotomy  in light  of  the  current  knowledge  of  the  cytokines,  T  helper  subpopulations,  and

regulatory  T cells  involved  in each  presentation  of  leprosy.  The  text  will  also  address  leprosy

reactions  related  to  increased  inflammatory  activity  in both  limited  and  multibacillary  pre-

sentations, leading  to  exacerbation  of  chronic  signs  and  symptoms  and/or  the development  of

new ones.  Despite  the  efforts  of  many  research  groups  around  the  world,  there  is  no standard-

ized  serological  test/biological  marker  for  diagnosis  so far, even  in endemic  areas,  which  could

contribute  to  the  eradication  of  leprosy.
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Introduction

Leprosy  is  a  chronic  mycobacteriosis  with  high  infectivity
and  low  pathogenicity.  It is  caused  by  Mycobacterium  lep-

rae, whose  main  host  is  humans.1 Armadillos  of the  Dasypus

novemcinctus  species  can  also  be naturally  infected  by  M.

leprae, and  there  is  evidence  that  armadillos  can  transmit
the  disease  to  humans.2 Another  bacterium,  Mycobacterium
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lepromatosis,  discovered  in Mexico  in 2008,  has  also  been
implicated  as  the etiological  agent  of  leprosy,  initially  asso-
ciated  with  multibacillary  forms  but  later  also  found  in
paucibacillary  forms.3

The  availability  of free  drug treatment  for  about  four
decades,  a  polychemotherapy  (PCT)  recommended  and  dis-
tributed  free  of  charge  by  the World  Health  Organization
(WHO),  contributed  to  a change  in the  natural  history  of
the  disease,  with  a  significant  increase  in cure  rates and
a  substantial  decrease  in  the number  of new  cases,  lead-
ing  to  endemic  control  in many  countries.  However,  the
disease  remains  an important  cause  of  morbidity  in  areas
with  high  social  vulnerability.  In  2019,  202,185  new  cases
were  reported  worldwide,  of  which  27,863  were  detected  in
Brazil.1 Despite  the  polychemotherapy  treatment,  the dis-
ease  still has  a  high  disabling  potential,  particularly  when
diagnosed  at  advanced  stages,  being  the  main  cause  of  infec-
tious  neuropathy  in  tropical  and subtropical  countries.

The  pathophysiology  of leprosy  is  multifactorial,  with
genetic,  immunological,  and environmental  aspects  deter-
mining  the  individual  susceptibility  to  the bacillus.1

Individuals  with  a  weak  cell  immune  response  have  an
intense  humoral  immune  response,  with  high  titers  of  spe-
cific serum  antibodies  against  the  bacillus,  unable  to  contain
the  proliferation  of  M.  leprae.  These  individuals  have  a  high
bacillary  load,  and  are called  multibacillary.  Susceptibility  is
also  influenced  by  inherited  traits,  with  variable  expression
of  several  genes  related  to  the  immune  response,  show-
ing  a  correlation  between  the  expression  of some  genes
and  certain  presentations.4 Of  particular  relevance,  in lep-
romatous  leprosy  and  in  type  2 leprosy  reaction,  genes
involved  in  the  humoral  immune  response  are  expressed  at
high  levels,  in particular  genes  for  immunoglobulin  recep-
tors  or  for proteins  of  the  classical  complement  pathway;
in  contrast,  genes  linked  to  the cell  immune  response  are
intensely  expressed  in  the  paucibacillary  and  reverse  reac-
tion  forms.5,6

M. leprae  genome  sequencing  from  different  parts  of  the
world  has  shown  low inter-regional  genetic  variability,  with
99.995%  of  the  genetic  material  identical  between  different
strains.7 This  is  largely  due  to  the fact  that  the M. leprae

genome  contains  a  low  percentage  of  functional  genes  (less
than 50%),  with  a  high  percentage  of  pseudogenes.8 How-
ever,  this  finding  also  suggests  that  the variability  in the
clinical  presentation  of  the  disease  between  individuals  is
mainly  due  to  idiosyncratic  factors  of  the host  and not  to
genetic  variations  of  the microorganism,  which  has  also  been
demonstrated  by studies  that  correlate  some  immunogenic
variations  with  certain  clinical  presentations.5

Immunopathology

The  incubation  period  for  leprosy  is  long,  ranging  from
months  to  decades,  with  an  estimated  average  time  of
10  years  for  the  lepromatous  form  and  four years  for  the
tuberculoid  form. The  extremely  slow  doubling  time  of  the
mycobacteria  (once  every  two  weeks)  makes  it  more  dif-
ficult  to establish  the  epidemiological  link  between  a given
exposure  and  disease  development.  The  exact  mechanism  of
leprosy  transmission  is  not  known,  but  the  respiratory  route
is  the  most  widely  accepted.  There  are also  other  possibil-

ities,  such as  transmission  through  insects  and inoculation
through  tattoos,  which  cannot  be  completely  ruled  out.9---11

It  is estimated  that  over  95%  of  infected  individuals
are  naturally  resistant  to M.  leprae, never  developing  any
signs  or  symptoms  of the  disease.  Among  symptomatic
individuals,  after  the  indeterminate  phase,  the  disease
manifests  itself  along a horizontal  spectrum  proposed
by  Ridley  and  Jopling,12 based  on  clinical,  bacilloscopic,
and  histopathological  characteristics,  containing  two  poles
(tuberculoid  and  lepromatous)  and  three  intermediate
forms  (borderline-tuberculoid,  borderline-borderline,  and
borderline-lepromatous).  As  the  clinical  presentation  pro-
gresses  from  the  tuberculoid  to  the lepromatous  pole,  a
gradual  transition  occurs  from  the Th1  to  Th2  immune
response,  according  to  the  model proposed  by  Modlin.13

The  innate  response  to M.  leprae

M. leprae  is  a  gram-positive,  acid-fast  bacillus  and  obligate
intracellular  parasite,  exhibiting  marked  tropism  for  phago-
cytic  cells,  such  as  Schwann  cells  in nerves  and  macrophages
in  the skin.14 The  bacillus  is  differentiated  from  other  gram-
positive  and  gram-negative  bacteria  by  its  lipid-rich  cell
wall,  particularly  mycolic  acids  and  phenolic  glycolipid-1
(PGL-1).  PGL-1  mediates  the  penetration  of the  bacillus  into
macrophages  via the C3 fraction  of  the  complement  through
the  CR1,  CR3, and  CR4  receptors,  inducing  their  phagocyto-
sis.  It  is  a  key  component  for  the disease  pathogenesis  and
is  involved  in  the  lysosomal  escape  mechanism,9 playing  an
immunosuppressive  role  that  facilitates  the survival  of  M.

leprae  inside  the  host  cell,  the  macrophage.
In  fact,  analyses  of  cytokines  secreted  by

n̈aïvem̈acrophages  exposed  to  PGL-1  and  the lipopolysac-
charide  (LPS)  from  the outer  membrane  of  gram-negative
bacteria  show  that PGL-1  alone  induces  a  weak produc-
tion  of  inflammatory  cytokines,  such  as  tumor  necrosis
factor-alpha  (TNF-�),  IL-1� and IL-10,  while  inducing  high
levels  of negative  regulatory  molecules,  such as  mono-
cyte  chemoattractant  protein-1  (MCP-1)  and  interleukin-1
receptor  antagonist  (IL-1RA).  The  microbicidal  activity  of
macrophages  involves  the production  of  reactive  oxygen
and  nitrogen  species  through  the  NADPH-oxidase  complex
and  nitric  oxide,  respectively.10 A higher  expression  of
induced  nitric  oxide  synthase  (iNOS)  has  been  described  in
tuberculoid  skin  lesions  compared  to  lepromatous  lesions,
which  can  be  attributed  to  the greater  Th1-type  immune
response  in  paucibacillary  leprosy.10,11

An  important  role  in the immune  response  to  M.  lep-

rae  has been  attributed  to  toll-like  receptors  (TLRs)  ---  a
type  of  molecular  pattern  recognition  receptor  (PRR)  found
in  monocytes  and dendritic  cells.  TLRs  2 and  4  recognize
the  leprosy  bacillus,  leading  to  the secretion  of IL-12  ---
an interleukin  that  induces  the  production  of  other  pro-
inflammatory  cytokines  and the elimination  of  the bacillus.12

A genetic  variation,  more  strongly  associated  with  the lep-
romatous  presentation,  was  described  in the gene  encoding
TLR2.  A  functional  genetic  study  has shown  that  a loss-of-
function  mutation  in this  receptor  causes  less  production  of
IL-12  by  macrophages  in response  to  M. leprae, suggesting
that  eventual  genetic  polymorphisms  in  this  receptor  may
also  affect  the natural  history  of  the disease.15
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The  role  of  the inflammasome  in leprosy  has  also  been
studied.  A  component  of  the innate  immune  response,  the
inflammasome  is  a  complex  of cytosolic  proteins that  medi-
ate  the  inflammatory  response  through  pathogen-associated
molecular  patterns  (PAMPs)  and damage-associated  molec-
ular  patterns  (DAMPs),  with  the latter  being responsible  for
caspase-1  maturation,  IL-1�, and  IL-18  secretion,  in addition
to  a  type  of  cell  death  called  pyroptosis.  A higher  expression
of  inflammasome  markers  has  been  reported  in  lepromatous
lesions  in  comparison  to  the indeterminate  and tuberculoid
forms,  disclosing  the inflammasome  inefficiency  in control-
ling M.  leprae  infection.16,17

Important  in  the immune  response  to  M. leprae,  Schwann
cells  are  able  to  process  and  present  antigens  to  CD4  +  T
cells,  triggering  an  inflammatory  process  harmful  to  these
cells,  which  leads  to  demyelination  of the  peripheral  nerves
and  neural  lesions.  M. leprae  also  stimulates  the inflamma-
tory  response  by  increasing  the Schwann  cell  sensitivity  to
the  pro-inflammatory  cytokine  TNF-�, by  inducing  the  trans-
membrane  expression  of  TNF-�  and  the TNF-�  receptor  in
these  cells.18,19

Acquired  response  to M.  leprae

Considering  the  Th1/Th2  paradigm  of  leprosy,  the  cytokine
profile  found  in the skin  differs  at each pole,  with  a higher
expression  of  Th1 cytokines  (such  as  IL-7  and  IL-15)  in  peo-
ple  with  tuberculoid  leprosy  and  higher  expression  of Th2
cytokines  (such  as  IL-4,  IL-5,  IL-10  and transforming  growth
factor-beta  [TGF-�]) in patients  with  lepromatous  leprosy.
Peripheral  blood  analysis  of  leprosy  patients  also  showed
that,  after  stimulation  with  recombinant  M.  leprae  anti-
gens,  there  is  a  predominant  induction  of  Th1  cytokine
secretion  (IFN-�, IL-2  and  IL-12)  in paucibacillary  presenta-
tions  and  Th2  cytokines  (IL-4, IL-5  and  IL-6) in multibacillary
presentations.6,20

In  addition  to  the  classic  Th1/Th2  paradigm,  studies  have
shown  differences  along  the  spectrum  also  in relation  to
Th9,  Th17,  Th25,  and  Treg  lymphocytes.  Th9  lymphocytes
form  a  subpopulation  of  CD4  + T  helper  cells,  characterized
by  the  induction  of  the  pro-inflammatory  interleukins  IL-9
and  IL-10,  potentially  amplifying  the specific  anti-M.  leprae

immune  response.  In fact,  the  role  of Th9  lymphocytes  in
leprosy  was  evaluated  in  a  study  that  demonstrated  higher
levels  of  IL-9  in the tuberculoid  pole,  explained  by  the antag-
onistic  function  of  IL-9  in  relation  to  IL-4  and IL-10,  changing
the  immune  response  from  the  Th2  to  the Th1  pole.21

Similar  to  Th1  lymphocytes,  Th17  lymphocytes  produce
pro-inflammatory  cytokines,  most  prominently  IL-17,  which
have  been  associated  with  the development  of  reversal
reactions  in  leprosy.  IL-17 levels  are also  elevated  in tuber-
culoid  leprosy,  where  they  contribute  to  the  recruitment
of  inflammatory  cells,  activation  of  endothelial  cells,  and
maintenance  of  the chronic  inflammatory  process.  It  is
believed  that  the Th17  response  may  play  a critical  role
in  modulating  macrophage  activity  since  IL-17  can  induce
the  production  of  TNF-�, IL-6,  and iNOS,  leading  to  the gen-
eration  of reactive  oxygen  species  (ROS)  that destroy  the
bacillus.22

Th25  lymphocytes  are  characterized  by  the expression
of  IL-4,  IL-13,  and IL-25  (also called  IL-17E),  known  to

amplify  the response  of  Th2  cells  and  M2  immunomodula-
tory  macrophages.  Furthermore,  IL-4  and IL-13  are known  to
inhibit  antimicrobial  responses  and  activate  B lymphocytes,
while  IL-25 inhibits  cytokine  production  from  Th1  and  Th17
responses.  The  role  of  Th25  lymphocytes  in leprosy  has  been
studied,  and  it has been  observed  that  their  presence  occurs
at  significantly  higher  concentrations  in patients  with  multi-
bacillary  clinical  forms,  in  line  with  their  role  in stimulating
the  Th2  response.23

Regulatory  T cells  (Tregs),  phenotypically  characterized
by  the  expression  of CD4,  CD25 (interleukin-2  receptor  [IL-
2R]),  and the  transcription  factor  FOXP3,  have  also  received
special  attention.  They  comprise  10%  of the CD4  +  T  cell
population  in human  peripheral  blood  and  are  associated
with  cell  response  suppression  through  the production  of
regulatory/anti-inflammatory  cytokines,  such  as  TGF-� and
IL-10.24 In  leprosy,  Treg  cells  are more  abundantly  found
in  patients  with  lepromatous  leprosy,  thus  suggesting  that
these  cells  may  have  a pathogenic  role  in  multibacillary
presentations.  It  has  also  been  demonstrated  that  Tregs  in
paucibacillary  forms  produce  more  IL-17  (pro-inflammatory
cytokine)  and  less  IL-10  (regulatory  cytokine),  resulting  in
a  microenvironment  that favors  inflammation  and  increases
tissue  damage.  Tregs  are also  known  to secrete  IL-35,  an
immunosuppressive  cytokine,  which  inhibits  the production
of  IFN-�, TNF-�, and  IL-2.  The  increase  in  IL-35 in  leprosy
is  directly  correlated  with  the patient  bacilloscopic  index,
showing  higher  levels  in  the  multibacillary  forms.24

Finally,  B  cells are  also  found  in the  inflammatory
response  of leprosy  lesions,  although  their  role  is  poorly
understood.  A study  comparing  the  genetic  expression  pro-
file  in tuberculoid  and  lepromatous  lesions  showed  that  the
multibacillary  disease  was  associated  with  an increase  in
the  plasma  cell (CD138+)  frequency  and  an  increase  in the
expression  of IL-5  and IgM  in the lesions,  consistent  with  the
fact  that  lepromatous  leprosy  is closer  to  the Th2  pole.25

Contrary  to  what  one  might  imagine,  however,  studies  have
shown  a greater  presence  of  CD20+  lymphocytes  in  pau-
cibacillary  forms,  a  fact attributed  to  the  participation  of
this  cell  type  in  the genesis  of  the granuloma.26

Immunology of leprosy  reactions

Leprosy  reactions  are episodes  of  acute  hypersensitivity
characterized  by the  worsening  of  previous  lesions  or  the
appearance  of new  lesions,  occurring  before,  during,  or
after  treatment.  More  commonly,  leprosy  reactions  occur
in  multibacillary  presentations  during  the first  three  months
of  leprosy  specific  treatment  and currently  represent  the
main  disease  complication,  requiring  immediate  treatment
to  prevent  neural  sequelae.  Leprosy  reactions  can  be  of  two
types:  reversal  reaction  (RR)  and  erythema  nodosum  lepro-
sum  (ENL).  RR  occurs  in approximately  one-third  of patients
with  a  borderline  presentation,  whereas  ENL  occurs  in about
50%  of  patients  with  lepromatous  leprosy  and  10%  of patients
with  borderline  leprosy,  especially  in those  with  borderline
lepromatous  leprosy.27

RR  is  a  type  IV  hypersensitivity  reaction  characterized
by  an exacerbation  of  the  cell immune  response  against
M. leprae. If,  on  the one hand,  the  reaction  leads  to  the
increased  elimination  of  bacilli,  on  the  other  hand,  it causes
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Figure  1  Tuberculoid  leprosy.  Well-organized  epithelioid

granuloma,  with  a  dense  peripheral  halo consisting  mainly  of

lymphocytes.  (Hematoxylin  &  eosin,  ×200).

an  exacerbation  of  the inflammatory  process  and  the  dis-
ease  symptoms,  including  neural  damage.  These  lesions  are
characterized  by  the presence  of  a  cell  infiltrate  consisting
predominantly  of  CD4  + T lymphocytes,  as  well  as  CD163+
macrophages,  with  the  significant  secretion  of  TNF-�, IFN-
�,  IL-2,  IL1-beta,  IL-6, IL-17,  and CXCL-10.  The  release  of
TNF-�  and  IFN-�, which  directly  stimulate  type  A� (A  Delta)
and  type  C neural  fibers,  is  associated  with  the  pain  and
swelling  that are often  seen  in RR.28 ENL  is  characterized
by  a  systemic  inflammatory  process  related  to  extravascu-
lar  deposition  of  immune  complexes  (IC)  and  neutrophilic
exudate.  It  remains  unclear  whether  IC  mediate  a  type  III
hypersensitivity  reaction  or  whether  their  presence  is  just
an  epiphenomenon.  This  reaction  occurs  in patients  with
borderline  and  lepromatous  presentations,  and it  is  possi-
ble  that  a  large  number  of antigens  and  the high  production
of  antibodies,  characteristic  of  Th2  responses,  might  con-
tribute  to  the  formation  of  these  immune  complexes.29 ENL
is  also  characterized  by  the  presence  of  high  levels  of TNF-
�,  both  in  the  lesions  and in peripheral  blood,  in addition
to  IL-2,  IL-4,  IL-5,  IL-6,  and  IL-10  cytokines,  typical  of Th2
responses.  The  successful  use  of  anti-TNF-�  therapy  with
infliximab  and  etanercept  was  reported  in three  patients
with  ENL,  providing  additional  evidence  on  the  inflammatory
role  of  TNF-� in the process.  Similarly,  the use  of  thalido-
mide  in  the  treatment  of  erythema  nodosum  leprosum  is
based  on  its  capacity  to  inhibit  the  production  of  TNF-�
and  IL-12  by  macrophages.30 In  addition,  thalidomide  also
affects  T lymphocyte  function,  suppressing  its  proliferation
and  stimulating  its  differentiation  into  regulatory  T  lympho-
cytes  (Tregs),  with  anti-inflammatory  action, also  inhibiting
the  nuclear  transcription  factor  Kappa  B,  involved  in the
synthesis  of  several  inflammatory  cytokines.31

Clinical  and  histological  manifestations

The  immune  response  to  M.  leprae  determines  the
histopathological  alterations  in leprosy,  which,  in turn,
determines  the clinical  characteristics.  Tuberculoid  leprosy
has  well-defined  granulomas  that  reach the epidermis  and
consist  of  epithelioid  cells,  multinucleated  giant  cells,

Figure  2 Tuberculoid  leprosy.  Plaque  well  demarcated  by  ery-

thematous  papules  with  a  hypochromic  center.

Figure  3 Lepromatous  leprosy.  (A),  Dense  dermal  cell  infil-

trate consisting  of  macrophages  with  vacuolated  cytoplasm

(Hematoxylin  &  eosin,  ×400).  (B),  Numerous  isolated  acid-fast

bacilli forming  globi  (Faraco,  ×1000).
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Figure  4  Lepromatous  leprosy.  Diffuse  indurated

erythematous-ferruginous  plaque,  interspersed  with  mac-

ules  and  papules,  sparing  the  spinal  column  and  axillary  regions

and predominating  on the  elbows.

Figure  5  Borderline-tuberculoid  leprosy.  Indurated-

erythematous  foveolar  plaque,  with  clear  inner  and  outer

edges.

and  macrophages,  surrounded  by  a  ring of  CD4  + T  lym-
phocytes  with  the finding  of  a  few or  no  bacilli  (Fig.  1).
Clinically,  these  patients  show  well-defined  erythematous
annular  plaques  (Fig.  2) and loss  of sensation,  ranging  from
one to  five  lesions,  and  may  present  with  alopecia  and/or
anhidrosis.32,33 At  the other  end  of the  spectrum,  indi-
viduals  with lepromatous  leprosy  have  a  large number  of
lesions,  which  on  histopathological  examination  reveal  vac-
uolated  macrophage  granulomas  (Virchow  cells;  Fig.  3a).
Macrophage  parasitism  is  abundant,  with  the formation  of

Figure  6  (A),  Borderline  Leprosy.  Well-demarcated

erythematous-edematous  plaques  and  papules.  (B),  Borderline-

lepromatous  leprosy.  Erythematous  plaque  with  a  well-defined

hypochromic  center,  and  ill-defined  outer  edges.

globi  (Fig.  3b).  Clinically,  this  form  is  characterized  by
extensive  and  multiple  bilateral  lesions,  which  may  include
macules,  papules,  nodules,  and  plaques  (Fig.  4). In lep-
romatous  lesions,  the predilection  of  M leprae  for  colder
regions  of  the  body  is  clearer,  perceived  on  close  exami-
nation  by  the diffuse  induration  of  the  face,  ears,  and/or
limbs  (elbows  and  knees).  Neural  involvement  in leproma-
tous  leprosy  tends  to  be slow  and  multiple,  worsening  during
reactional  episodes,  while  it  tends  to  be unilateral  and  more
acute  in tuberculoid  leprosy,  therefore,  progressing  earlier
to  disabilities.32,33

Between  the tuberculoid  (competent  cell  immune
response)  and  lepromatous  (absence  of  specific  cell  immune
response)  poles  are  the borderline  forms.  In  histopathol-
ogy,  as  well  as  in the  clinical  presentation,  borderline
leprosy  shows  aspects  of both  tuberculoid  and  lepromatous
leprosy  (LL)  pole.  In individuals  with  a clinical  Borderline-
Tuberculoid  (BT)  presentation,  lesions  vary  in  number  from
five  to  ten,  with  larger  and  less  well-defined  edges  (Fig.  5).
Neural  trunks  are asymmetrically  enlarged,  causing  more
severe  neuropathy,  with  neural  infiltration  on  histopatho-
logical  examination.  The  inflammatory  reaction  present
in the dermis  does  not  usually  reach  the epidermis,  nor
is  it  as  well  defined  as  in the  tuberculoid  leprosy  (TL)
form.  Borderline-Borderline  (BB) individuals  have dozens
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Figure  7  Tuberculoid  leprosy.  (A),  Epithelioid  granuloma  with

Langhans-type  multinucleated  giant  cell  (arrow).  Borderline

leprosy  (B),  Loose  granulomatous  arrangement  with  the  pres-

ence  of  a  multinucleated  giant  cell  with  fine  cytoplasmic

vacuolization  (arrow).  (Hematoxylin  &  eosin,  ×400).

of  asymmetrical  annular  plaques.  The  classic  finding  is
the  borderline  lesion,  typically  annular  with  poorly  delin-
eated  outer  edges  and  well-defined  inner  edges  (Fig.  6a).
Patients  may  have  peripheral  nerve  thickening  and  chronic
neuritis.  Borderline-Lepromatous  (BL)  individuals  may  also
exhibit  the  classic  borderline  lesions  described  above,  which
may  be  associated  with  small macules,  papules,  and  nod-
ules  of  different  shapes  and  sizes  (polymorphic;  Fig.  6b).
There  is  generalized  asymmetric  clinical  involvement  of
the  peripheral  nerves.  The  tissue  inflammatory  response
in  these  lesions  is  similar  to  that  of lepromatous  leprosy,
but  with  increased  circumscription  of the granulomatous
macrophage  response,  a greater  number  of lymphocytes,
and  more  intense  mononuclear  infiltrate  in  nerve  filaments
and  skin  appendages  (hair  follicles,  sweat  glands).32,33

Some  key  characteristics  may  be  useful  in  the histopatho-
logical  classification  of  leprosy.  Epithelioid  cells  are  present
in  the  tissue  response  of  TL,  BT,  and BB  lesions.  Langerhans
cells  are  seen  in TL  and  BT  lesions  (Fig.  7a).  Vacuolated  giant
cells  can  be  found  in  BB  and  BL lesions  (Fig.  7b).  Foamy
macrophages  are  present  in BL and  LL lesions.  The  grenz

zone  (German  term  for b̈order̈)  corresponds  to  a subepider-
mal  area  free  of  inflammatory  infiltrate,  which  is  observed
in  lesions  of the  LL,  BL,  and  BB  forms  (Fig.  8a).  On the  other

Figure  8 Lepromatous  leprosy.  (A),  Rectification  of  the  epi-

dermis,  which  is  separated  from  the  dense  dermal  infiltrate  by

a collagen  band  (Hematoxylin  &  eosin,  ×40).  (B),  Cross-section

of a  dermal  nerve  with  perineural  delamination  (Hematoxylin  &

eosin,  ×200).

hand,  lamination  of  the perineurium  with  the  formation  of
an önion  bulb̈is  a  typical  finding  of  lesions  of  the  LL and BL
forms  (Fig.  8b).33

Histoid  leprosy,  a  variant  of  the lepromatous  presen-
tation,  is  a  unique  and  uncommon  entity  with  particular
clinical  and histopathological  characteristics.  The  term his-
toid  leprosy  was  originally  coined  by  Wade  in  1963  as  a
histopathological  concept of  leprosy  rich  in  bacilli  and  con-
sisting  of  spindle-shaped  macrophages  (Fig.  9b),  together
with  the  absence  of  globi  formation.  It  is  characterized
by  painless,  firm,  cutaneous,  or  subcutaneous  papules  and
nodules  covered  by  yellowish-brown  skin,  sometimes  resem-
bling  dermatofibromas,  LL lesions,  or  an ENL-like  reaction
(Fig.  9a).  Histoid  leprosy  was  classically  associated  with
disease  recurrence  after  monotherapy  with  dapsone  in the
presence  of  bacillus  resistance  to  the drug;  however,  since
the  introduction  of multidrug  therapy,  the majority  of
observed  cases  are ¨de  novoḧistoid  leprosy.34

Leprosy  in its  initial  presentation,  called
ïndeterminatëleprosy,  usually  has  a  discrete  clinical
manifestation,  represented  by  a small  hypochromic  macule
with  reduced  sensitivity,  and  there  may  be hypohidrosis
and/or  thinning  of  hair  at  the  lesion  site.  Histopathology
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Figure  9  Histoid  leprosy.  (A),  Well-delimited  erythematous-ferruginous  papules  disseminated  throughout  the  upper  limb.  (B),

Proliferation of  spindle-shaped  macrophages  with  finely  vacuolated  cytoplasm  (Hematoxylin-eosin,  ×200).  (C),  Alcohol-acid  resistant

bacilli in  the  cytoplasm  of spindle-shaped  macrophages.  (Faraco,  ×1000).

shows  only  the presence  of  lymphohistiocytic  infiltrate  of
perineural  and  periadnexal  location,  without  the  presence
of  bacilli.  Indeterminate  leprosy  may  progress  to  spon-
taneous  cure  or  to  any  of  the  five  classic  presentations,
depending  on  the immune  response  pattern  developed  by
the  host.32

Finally,  the reactional  episodes  of  leprosy  correspond
to  acute  immune  exacerbations  of the  chronic  infectious
disease.  The  reversal  reaction  (RR) typically  occurs  in  bor-
derline  patients,  with  the appearance  of  new  lesions  and
worsening  of  pre-existing  ones,  with  the development  of
erythema  and  edema  over  the lesions,  which  show  hyper-
esthesia  and  become  painful.  The  condition  has a sudden
onset,  different  from  disease  recurrence,  which  is  slow  and
insidious.  Neuritis  is  common,  with  loss  of  sensory  or  sensori-
motor  function  and  pain  on  palpation  of  the  affected  nerves,
which  are  enlarged.  Arthritis  can  occur,  especially  when
there  are  skin  lesions  close  to  the  joints.37 On histopathol-
ogy,  it  is  defined  by  the presence  of two  characteristics:
granulomas  with  extra-  and  intracellular  edema,  dilated  vas-
cular  channels,  dermal  collagen  dissociation,  evidence  of
intense  late-type  (IV)  hypersensitivity  response  with  acute
damage  to  dermal  nerves.35,36

Erythema  nodosum  leprosum  (ENL),  in  turn,  is diagnosed
when  a  multibacillary  patient  (BB,  BL,  or  LL)  abruptly  devel-
ops  erythematous  papulonodular  lesions  that  are tender  and
tense  to  touch.  In  more  severe  cases,  bullae  formation  and
ulceration  of  the lesions  may  occur,  characterizing  necrotiz-
ing  erythema  nodosum.  Unlike  classic  erythema  nodosum,
which  is limited  to  the lower  limbs,  ENL  tends  to  show
a  symmetrical  distribution,  affecting  the  face,  trunk,  and

limbs,  especially  the extensor  areas.  More  rarely,  it may
show  a clinical  picture  that  is  identical  to  that of  erythema
multiforme,  with  erythematous  plaques,  purpuric  lesions,
and  bullae.  Neuritis,  iritis,  orchitis,  dactylitis,  adenopa-
thy,  edema,  and  fever  may  occur.  Arthropathy  is  common,
occurring  in a variety  of  patterns,  with  the  polyarticular
pattern  of  small and large  joints,  similar  to  rheumatoid
arthritis,  being  the most  common.37 Significant  visceral
involvement  may  occur  in the  most severe  cases,  with  an
elevation  of  inflammatory  tests  (leukocytosis,  ESR,  CRP),
liver  dysfunction,  anemia,  and  hematuria,  and should  be  dif-
ferentiated  from  the clinical  picture of drug reactions  and
other  diseases.  On  histopathology,  it is  characterized  by  a
neutrophilic  polymorphonuclear  infiltrate  foci,  intermingled
with  a macrophage  granulomatous  response,  edema,  and
often  with  evidence  of  vasculitis.  The  inflammatory  process
affects  the  dermis  and  hypodermis  (Fig.  10).36

Serological and molecular  tests

Leprosy  control  strategies  are still  based  on  early  clinical
diagnosis  and treatment  only,  aiming  at blocking transmis-
sion  and  preventing,  or  at  least minimizing,  the  sequelae.
However,  consistent  with  its  characteristics  of  a  neglected
disease,  it  still  does  not benefit  from  sensitive  and  specific
serological  methods  capable  of  assisting  in  the diagnosis  and
follow-up  of  patients.  In  this sense,  some  specific  antibodies
against  M. leprae  have  been studied  as  potential  markers,
with  special  attention  to  phenolic  glycolipid  1 (PGL-1)
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Figure  10  Erythema  nodosum  leprosum.  (A),  Involvement

of hypodermal  lobes  with  foci  of neutrophilic  exudation,

macrophages,  rupture  of  adipocytes,  and  blood  vessel  with

thrombosis  (arrow)  (Hematoxylin  &  eosin,  ×100).  (B), Mycobac-

terial antigenic  material  in  the  cytoplasm  of  macrophages

(arrows)  and  in endothelial  cell  (arrowhead)  of  a  blood  vessel

with thrombosis  (Immunohistochemical  reaction  with  anti-BCG

antibody,  ×400).

Typically,  multibacillary  individuals  produce  large
amounts  of IgM  anti-PGL-1  antibodies  in an amount  that  is
proportional  to the  bacterial  load.  In untreated  patients,
the  mean  sensitivity  for  multibacillary  individuals  is  78%,
while  paucibacillary  patients  have  a  sensitivity  of  only  23%.
These  figures  allow  the  suggestion  of  positive  serology  use-
fulness  for  the diagnosis  of  suspected  early  multibacillary
cases  (especially  primary  neural  ones,  without skin  lesions),
as  well  as  in recurrent  reactional  cases,  in addition  to
the  follow-up  of  multibacillary  contacts.38---40 However,  the
serology  is not  commercially  available,  being  limited  to  a
few  research  centers,  currently  restricting  its  use  in clinical
practice.37,38

The  screening  for IgM  anti-PGL-1  antibody  through  a
rapid  test  has  been  recommended  in contacts  of  leprosy
patients  without  characteristic  clinical  lesions,  aiming  at
the  early  detection  of  the disease.  A positive  result,  how-
ever,  does  not  imply  a  diagnosis  of leprosy  since,  in endemic
areas,  positive  test  results  may  reflect  merely  a  subclinical
infection.40,41 Positive  cases,  in the absence  of  dermatologi-
cal  or  neurological  alterations,  should  be  followed  annually

for the appearance  of  lesions.  In  the  presence  of  suspected
inconclusive  alterations  (dermatological  or  neurological)  in
contacts,  the  rapid  test  is  recommended  as  an initial  step,
and  positive  cases  should  be further  investigated  through  a
bacilloscopic  examination.39,40

Finally,  PCR  is a molecular  technique  used  to  amplify  the
DNA  of M.  leprae  with  high  accuracy,  showing  a sensitiv-
ity  of  72%  and  a  specificity  of 87%  for  the  multibacillary
form.  In  paucibacillary  patients,  the  sensitivity  decreases
to  45%,  but  specificity  remains  stable  at 86%.  The  tech-
nique  is  particularly  useful  in clinical  cases that are  difficult
to  diagnose,  with  a  negative  bacilloscopy  and  inconclusive
histopathology.41

Conclusion

The  clinical  manifestations  of  leprosy  are  characterized  by
its  bipolar  spectral  presentation,  with  a  strong  correlation
between  the most  prominently  activated  arm  of  the immune
system  (Th1/Th2)  and the clinical  picture.  The  low  genetic
variability  found  in  the M. leprae  genome  strongly  suggests
that  the immune  response  depends  mainly on  the host  and
not  on the pathogen  variations.  In fact,  some  genetic  studies
have  already  demonstrated  a  correlation  between  certain
haplotypes  and  specific  clinical  manifestations,  although  the
immunogenic  determinants  of  the natural  history  of  the dis-
ease  are still  far  from  being  fully  understood.

The  basis  of  leprosy  elimination  and control  has consisted
mainly  of  improving  access  to  health  care,  combined  with  a
better  capacity  for  screening  and  early  diagnosis  of  cases.  A
Brazilian  study  indicated  that patients  start  treatment,  on
average,  1.5  to  2  years  after the  onset  of  the  first  symp-
toms,  with  the  delay  being  attributed,  at least  in part,  to
the  limited  capacity  of  health  professionals  to  recognize  the
disease.38 In  this  sense,  the  wide  dissemination  of  the  cur-
rent  knowledge  about  the disease is  an essential  step  to
attain  early  diagnosis  and  treatment,  control  of  reactions
and  sequelae,  in  addition  to  blocking  the  disease  transmis-
sion  --- aspects  that  have  been  neglected  in many  parts  of
the  world  for  a  long  time.

Financial support

The  authors  are grateful  for  the  financial  support  from  Fundo

de  Apoio à  Dermatologia  de  São Paulo  ---  Sebastião  Sampaio
(FUNADERSP).

CNPq researcher  grant:  process  n. 306371/2018-9
(research  productivity  grant  to the  author  MNS).

Authors’ contributions

Luis Alberto  Froes:  Critical  review  of  the  literature;  col-
lection,  analysis,  and interpretation  of  data;  drafting  and
editing  of  the manuscript.

Mirian  Sotto:  Approval  of  the final  version  of the
manuscript;  design  and  planning  of  the study;  drafting  and
editing  of  the manuscript.

Maria  Angela:  Approval  of the  final  version  of  the
manuscript;  design  and  planning  of  the study;  drafting  and
editing  of  the manuscript.

345



L.A.  Froes  Junior,  M.N. Sotto  and  M.A.  Trindade

Conflicts  of  interest

None  declared.

Acknowledgments

The  authors  are  grateful  for  the financial  support  from  Fundo

de  Apoio  à Dermatologia  de  São Paulo  ---Sebastião  Sampaio

(FUNADERSP)  and  the  National  Research  Council (CNPq,  Con-

selho  Nacional  de  Pesquisas)  process  n. 306371/2018-9.

References

1. Organization WH. Global leprosy (Hansen disease) update, 2019:

time to step-up prevention initiatives. Weekly Epidemiological

Record. 2020;95:417---40.

2. Carlock S,  Fulton EH, Rosenbaum E, Mukasa L, Gardner JM,

Shalin SC, et  al.  Hansen Disease (Leprosy) and Armadillo

Exposure in Arkansas: A Case Series. Am J Dermatopathol.

2020;42:769---73.

3. Han XY, Seo YH, Sizer KC, Schoberle T, May GS, Spencer JS,

et al. A new Mycobacterium species causing diffuse lepromatous

leprosy. Am  J  Clin Pathol. 2008;130:856---64.

4. Froes LAR Jr, Trindade MAB, Sotto MN. Immunol-

ogy  of leprosy. Int  Rev Immunol. 2022;41(2):72---83,

http://dx.doi.org/10.1080/08830185.2020.1851370. Epub

2020 Nov 26. PMID: 33241709.

5. Casanova JL, Abel L.  Genetic dissection of immunity

to mycobacteria: the human model. Annu Rev Immunol.

2002;20:581---620.

6. Dupnik KM, Bair TB, Maia AO, Amorim FM, Costa MR, Keesen

TS, et al. Transcriptional changes that characterize the immune

reactions of leprosy. J Infect Dis. 2015;211:1658---76.

7. Monot M, Honoré N, Garnier T, Zidane N, Sherafi D, Paniz-

Mondolfi A, et  al. Comparative genomic and phylogeographic

analysis of Mycobacterium leprae. Nat Genet. 2009;41:

1282---9.

8. Cole ST, Eiglmeier K, Parkhill J,  James KD, Thomson NR, Wheeler

PR,  et al. Massive gene decay in the leprosy bacillus. Nature.

2001;409:1007---11.

9. Wynn TA, Chawla A, Pollard JW. Macrophage biology in devel-

opment, homeostasis and disease. Nature. 2013;496:445---55.

10. Ghorpade A. Inoculation (tattoo) leprosy: a report of 31 cases.

J Eur Acad Dermatol Venereol. 2002;16:494---9.

11. Ploemacher T, Faber WR, Menke H, Rutten V, Pieters T. Reser-

voirs and transmission routes of  leprosy; A systematic review.

PLoS Negl Trop Dis. 2020;14:e0008276.

12. Ridley DS, Jopling WH. Classification of leprosy according to

immunity. A five-group system. Int J  Lepr Other Mycobact Dis.

1966;34:255---73.

13. Modlin RL. Th1-Th2 paradigm: insights from leprosy. J  Invest

Dermatol. 1994;102:828---32.

14. Britton WJ, Lockwood DNJ. Leprosy. Lancet. 2004;363:1209---19.

15. Bochud PY, Hawn TR, Siddiqui MR, Saunderson P, Britton S,

Abraham I, et al. Toll-like receptor 2 (TLR2) polymorphisms

are associated with reversal reaction in leprosy. J Infect Dis.

2008;197:253---61.

16. Amin J, Boche D, Rakic S. What do we know about the inflam-

masome in humans? Brain Pathol. 2017;27:192---204.

17. Zamboni DS, Lima-Junior DS. Inflammasomes in  host response

to protozoan parasites. Immunol Rev. 2015;265:156---71.

18. Broz P, Dixit VM. Inflammasomes: mechanism of assembly, reg-

ulation and signalling. Nat Rev Immunol. 2016;16:407---20.

19. Andrade PR, Jardim MR, Silva ACC, Manhaes PS,  Antunes SL,

Vital R, et  al. Inflammatory cytokines are involved in focal

demyelination in leprosy neuritis. J  Neuropathol Exp Neurol.

2016;75:272---83.

20. Sampaio LH, Sousa ALM, Barcelos MC, Reed SG, Stefani MMA,

Duthie MS. Evaluation of  various cytokines elicited during

antigen-specific recall as potential risk indicators for the differ-

ential development of  leprosy. Eur J  Clin Microbiol Infect Dis.

2012;31:1443---51.

21. Sousa JR, Pagliari C, Almeida DSM, Barros LFL, Carneiro FRO,

Dias Jr LB, et al. Th9 cytokines response and its  possible impli-

cations in the immunopathogenesis of  leprosy. J Clin Pathol.

2017;70:521---7.

22. Sadhu S,  Khaitan BK, Joshi B, Sengupta U, Nautiyal AK, Mitra

DK. Reciprocity between regulatory T cells and Th17 cells: rele-

vance to polarized immunity in leprosy. PLoS Negl Trop Dis.

2016;10:e0004338.

23. Sousa JR, Quaresma JAS. The role of T  helper 25 cells in the

immune response to Mycobacterium leprae. J  Am  Acad Derma-

tol. 2018;78:1009---11.

24. Kumar S, Naqvi RA, Ali R, Rani R, Khanna N, Rao DN. CD4+CD25+

T regs with acetylated FoxP3 are associated with immune sup-

pression in human leprosy. Mol  Immunol. 2013;56:513---20.

25. Fachin LR, Soares CT, Belone AF, Trombone AP, Rosa PS, Guidella

CC, et  al. Immunohistochemical assessment of cell popula-

tions in leprosy-spectrum lesions and reactional forms. Histol

Histopathol. 2017;32:385---96.

26. Fabel A, Brunasso AMG, Schettini AP, Cota C, Puntoni M, Nunzi

E, et al. Pathogenesis of leprosy: an insight into B lymphocytes

and plasma cells. Am J  Dermatopathol. 2019;41:422---7.

27. Maymone MBC, Venkatesh S, Laughter M,  Abdat R, Hugh J,

Dacso MM, et al. Leprosy: treatment and management of

complications. J  Am Acad Dermatol. 2020;83:17---30.

28. Andrade PR,  Pinheiro RO, Sales AM, Illarramendi X, Barbosa MG,

Moraes MO, et  al. Type 1 reaction in leprosy: a model for a better

understanding of tissue immunity under an immunopathological

condition. Expert Rev Clin Immunol. 2015;11:391---407.

29. Biswas D,  Sethy M, Behera B, Palit A, Mitra S.  T-Regulatory

Cells in erythema nodosum leprosum: an immunohistochem-

ical and image morphometric study. Am J  Dermatopathol.

2021;43:e149---57.

30. Bhat RM, Vaidya TP. What is new in the pathogenesis and mana-

gement of  erythema nodosum leprosum. Indian Dermatol Online

J. 2020;11:482---92.

31. Polycarpou A, Walker SL, Lockwood DNJ. A Systematic Review

of immunological studies of  erythema nodosum leprosum. Front

Immunol. 2017;8:233.

32. Maymone MBC, Laughter M,  Venkatesh S, Dacso MM, Rao PN,

Stryjewska BM, et al. Leprosy: clinical aspects and diagnostic

techniques. J  Am Acad Dermatol. 2020;83:1---14.

33. Rongioletti F, Gallo R, Cozzani E, Parodi A. Leprosy: a diag-

nostic trap for dermatopathologists in nonendemic area. Am

J Dermatopathol. 2009;31:607---10.

34. Canuto MJM, Yacoub CRD, Trindade MAB, Avancini J,  Pagliari C,

Sotto MN. Histoid leprosy: clinical and histopathological anal-

ysis  of  patients in follow-up in University Clinical Hospital of

endemic country. Int J  Dermatol. 2018;57:707---12.

35. Pereira HL, Ribeiro SL, Sato EI. Rheumatic manifestations in

leprosy. Acta Reumatol Port. 2008;33:407---14.

36. Wu J, Boggild AK. Clinical Pearls: Leprosy Reac-

tions. J Cutan Med Surg. 2016;20(5):484---5,

http://dx.doi.org/10.1177/1203475416644832. Epub 2016

Apr 8. PMID: 27060010.

37. Hooij A, Geluk A. In search of biomarkers for leprosy by  unrav-

eling the host immune response to Mycobacterium leprae.

Immunol Rev. 2021;301:175---92.

38. Hungria EM, Buhrer-Sekula S, Oliveira RM, Aderaldo LC, Pontes

AA, Cruz R, et al. Leprosy reactions: The predictive value of

Mycobacterium leprae-specific serology evaluated in a Brazilian

346

http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0015
dx.doi.org/10.1080/08830185.2020.1851370
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0085
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0090
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0095
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0100
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0105
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0110
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0115
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0120
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0125
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0130
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0135
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0140
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0145
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0150
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0155
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0160
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0165
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0170
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0175
dx.doi.org/10.1177/1203475416644832
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0185
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190


Anais  Brasileiros  de Dermatologia  2022;97(3):338---347

cohort of leprosy patients (U-MDT/CT-BR). PLoS Negl Trop Dis.

2017;11:e0005396.

39. Gurung P, Gomes CM, Vernal S, Leeflang MMG. Diagnostic accu-

racy of tests for leprosy: a systematic review and meta-analysis.

Clin Microbiol Infect. 2019;25:1315---27.

40. Torres RT, Fachi MM, Böger B, Marson BM, Ferreira VL, Pontarolo

R, et al. Sensitivity and specificity of multibacillary and pau-

cibacillary leprosy laboratory tests: A systematic review and

meta-analysis. Diagn Microbiol Infect Dis. 2021;100:115337.

41. Leal-Calvo T, Avanzi C, Mendes MA, Benjak A, Busso P, Pinheiro

RO, et  al.  A new paradigm for leprosy diagnosis based on host

gene expression. PLoS Pathog. 2021;17:e1009972.

347

http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0190
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0195
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0200
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205
http://refhub.elsevier.com/S0365-0596(22)00026-5/sbref0205

	Leprosy: clinical and immunopathological characteristics
	Introduction
	Immunopathology
	The innate response to M. leprae
	Acquired response to M. leprae
	Immunology of leprosy reactions
	Clinical and histological manifestations
	Serological and molecular tests
	Conclusion
	Financial support
	Authors' contributions
	Conflicts of interest

	Acknowledgments
	References

