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Abstract
Objective:  The  authors  investigated  the  expression  of  IgG4  and  IgG  in  cutaneous  Rosai-Dorfman
Disease  (CRDD)  to  further  improve  the  understanding  of  this  disease.
Methods:  The  authors  retrospectively  reviewed  the  clinicopathological  features  of  23  CRDD
patients. The  authors  diagnosed  CRDD  by  the  presence  of  emperipolesis  and  immunohistochem-
ical (IHC)  staining  of  histiocytes  consisting  of  S-100(+)/CD68(+)/CD1a(-)  cells.  The  expressions
of IgG  and  IgG4  in  cutaneous  specimens  were  assessed  by  IHC  (EnVision)  and  quantitatively
calculated  by  a  medical  image  analysis  system.
Results:  All  23  patients,  including  14  males  and  9  females,  were  confirmed  to  have  CRDD.  Their
ages ranged  from  17  to  68  years  (mean  47.91  ±  14.16).  The  most  frequently  affected  skin  regions
were the  face,  followed  by  the  trunk,  ears,  neck,  limbs,  and  genitals.  In  16  of  these  cases,  the
disease presented  as  a  single  lesion.  IHC  staining  of  sections  showed  that  IgG  was  positive  (≥  10
cells/High-Power  Field  [HPF])  in  22  cases,  while  IgG4  was  positive  (≥  10  cells/HPF)  in  18  cases.
Moreover, the  IgG4/IgG  proportion  ranged  from  1.7%  to  85.7%  (mean  29.50  ±  24.67%,  median
18.4%) in  the  18  cases.
Study  limitations:  In  the  majority  of  studies,  as  well  as  in  the  current  study,  the  design.  RDD  is
a rare  disease,  so  the  sample  size  is  small.  In  the  next  studies  to  come,  the  authors  will  expand
the sample  for  multi-center  verification  and  in-depth  study.
Conclusion:  The  positive  rates  of  IgG4  and  IgG  and  the  IgG4/IgG  ratio  assessed  through  IHC
staining may  be  important  in  understanding  the  pathogenesis  of  CRDD.
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osai-Dorfman’s  disease  (RDD)  is  a  rare  disease  of  non-
alignant  histiocytosis  that  used  to  be  referred  to  as  sinus

istiocytosis  with  a  large  number  of  lymphadenopathy.  It
as  named  for  Rosai  and  Dorfman,  who  established  it  as

 new  entity  in  two  reports  in  1969  and  1972.1,2 Mutations
n  KRAS  and  MAP2K1  may  be  related  to  the  pathogenesis
f  RDD.3 RDD  usually  occurs  in  children  and  young  adults,
ith  a  slight  male  predominance  of  58%  and  a  greater  inci-
ence  among  patients  of  African  descent.1,4 It  is  estimated
hat  up  to  43%  of  RDD  patients  have  extranodal  involvement,
specially  in  the  upper  respiratory  tract,  skin,  and  bones.5

utaneous  RDD  (CRDD)  is  used  to  describe  this  disease  when
t  is  limited  to  the  skin  without  systemic  involvement.1,6,7

istologically  speaking,  histiocytes  are  large  and  foamy  with
bundant  cytoplasm  and  vesicular  nuclei.8 Emperipolesis
histiocytes  containing  intact  cells,  especially  lymphocytes
nd  plasma  cells)  is  a  typical,  but  not  unique,  feature  of
DD.9 The  presence  of  S100,  CD68-positive-stained,  and
D1a-negative-stained  histiocytes  by  Immunohistochemistry
IHC)  is  important  for  the  diagnosis  of  RDD.  Many  other  mark-
rs  have  also  been  reported  to  be  positive  in  CRDD,  such  as
D14,  CD15,  CD163,  and  factor  13a.8 However,  the  expres-
ions  of  IgG4  and  IgG  in  CRDD  have  not  been  investigated.
n  incremental  number  of  IgG4-positive  plasma  cells  in  skin

esions  are  believed  to  be  related  to  IgG4-Related  Disease
IgG4-RD).  IgG4-RD  is  a  chronic,  inflammatory,  systemic,  and
brotic  disease  that  can  affect  almost  every  organ.  There
as  a  report  that  found  that  some  RDD  exhibited  features
f  IgG4-RD,  but  the  relevance  between  CRDD  and  IgG4-RD
as  not  examined.10 To  further  investigate  the  relevance
etween  CRDD  and  IgG4-RD,  the  authors  evaluated  the  clin-
cal  manifestations  and  histopathological  characteristics  of
3  cases  of  CRDD  and  detected  the  expression  of  IgG  and
gG4,  which  may  provide  novel  biomarkers  (IgG4,  IgG,  and

he  proportion  of  IgG4/IgG)  for  the  identification  of  CRDD
nd  help  shed  light  on  its  underlying  pathogenesis.
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igure  1  (A)  Infiltrating  plaque  type:  infiltrating  yellow-red  pla
ifferent sizes  at  the  edge.  (B)  Nodular  papule  type:  local  distributio
f pale  erythema,  showing  isolated  and  non-fused  shape
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aterials and methods

wenty-three  cases  were  collected  from  two  different  hos-
itals  during  the  period  from  August  2009  to  August  2018.  All
ases  were  diagnosed  by  2  senior  pathologists  according  to
he  latest  WHO  diagnostic  criteria.  This  work  was  authorized
y  the  ethics  committee  and  conducted  under  the  ethi-
al  principles  of  the  Human  Rights  Declaration  adopted  in
elsinki  and  was  in  accordance  with  the  Rules  for  Good  Prac-
ice  in  the  Clinical  Study.  The  authors  informed  all  patients
f  informed  consent.

Skin  biopsies  were  fixed  in  a buffered  10%  formalin  solu-
ion,  processed,  and  embedded  in  paraffin.  Paraffin  blocks
ere  cut  into  4---5  �m  sections  using  a  microtome  and  placed
n  glass  slides.

Hematoxylin-eosin  (HE)  was  used  for  classical
istopathology  and  IHC  was  performed  on  the  same
iological  material  embedded  in  paraffin.  Each  immunos-
aining  reaction  included  a  negative  control  (without
ncubation  with  the  primary  antibody).  The  IgG4  and  IgG
ntibodies  (ready  to  use)  were  bought  from  Zhongshan
olden  Bridge  Biological  Technology  Company.

IgG4(+)  and  IgG(+)  cells  were  counted  separately  using
n  Olympus  BX40  microscope  and  Image  J 1.52a  computer
oftware.  Three  high-power  fields  (HPF)  with  the  maximum
umber  of  positive  cells  were  counted  and  an  average  num-
er  per  HPF  was  counted.  One  HPF  represents  an  area  of
.24  mm2.

esults

linical  features

he  ages  of  the  23  patients  with  CRDD,  including  14
ales  and  9  females,  ranged  from  17  to  68  years  (mean
7.91  ±  14.16).  Among  them,  16  patients  had  single  lesions,
hile  the  other  7  had  multiple  lesions.  Ten  patients  pre-

ented  with  plaques,  12  patients  presented  with  patches,
nd  1  patient  presented  with  a  sub-axilla  mass.  In  most  of

que,  with  uneven  surface,  and  multiple  dark  red  nodules  of
n  of  multiple  red  papules  of  0.2---0.5  cm  in  size  on  the  surface
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Table  1  Demographic  and  clinical  data

Casea Age  Genderb Durationc Skin  lesion  description  Quantity  Pain  Comorbidity

1  57  M  20d  1  cm  ×  1  cm  Upper  right  lip  red  plaque  1  No  None
2 23  F  6m  5  cm  ×  4  cm  Upper  right  limb  brown  patch  1  No  None
3 53  M  1y  1  cm  ×  1  cm  Right  chest  dull-red  patch  1  No  None
4 59  F  1y  10  cm  ×  10  cm  Right  chest  red  plaque  1  No  None
5 28  F  6m  0.3  cm  ×  0.2  cm  Right  breast  red  papule  1  Yes  None
6 52  M  6m  15  cm  ×  10  cm  Right  lower  back  Red  plaque  1  Yes  None
7 17  M  6y  3  cm  ×  2  cm  Upper  left  limb  red  plaque  1  No  None
8 50  M  3m  3  cm  ×  2.5  cm  Left  cheek  red  patch  1  No  None
9 61  M  1y  Generalized  skin  eruption  with  red  patch  papule  many  No  None
10 57  F  6m  0.5  cm  ×  0.4  cm  Right  chest  brown  papule 1  No  None
11 38  F  2m  0.8  cm  ×  0.8  cm  Left  calf  dull-red  papule 1  No  None
12 57  M  4m  0.7  cm  ×  0.6  cm  Left  chest  red  papule  1  No  None
13 68  M  1y  2  cm  ×  1  cm  Left  temporal  red  plaque  1  No  None
14 61  M  1m  2  cm  ×  2  cm  Plaque  in  chest  and  abdomen  3  No  None
15 63  F  2y  3  cm  ×  3  cm  Left  thigh  dull-red  patch  1  No  None
16 20  M  50d  1  cm  ×  1  cm  Chest  and  abdomen  plaques  5  No  None
17 59  F  7m  1  cm  ×  1  cm  Left  cheek  red  plaque  1  No  None
18 40  M  2y  3  cm  ×  3  cm  Right  thigh  dark  brown  patch  1  No  None
19 54  M  2y  Generalized  skin  eruption  with  brown  papules  1  No  None
20 39  F  2m  1  cm  ×  1.5  cm  Left  cheek  red  plaque  many  No  None
21 42  F  6m  2  cm  ×  1  cm  Left  cheek  red  plaque  2  No  None
22 52  M  6m  0.3  cm  ×  0.3  cm  Right  thigh  papules  2  No  None
23 52  M  1y  3  cm  ×  3  cm  Left  sub-axillary  mass  2  No  None

a Case 1 to case 12 were from Second Xiangya Hospital of Central South University and case 13 to case 23 were from Dermatology
Hospital of Southern Medical University.
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b M, Male; F, Female.
c y, Years; m, Months; d, Days.

he  23  cases  of  CRDD,  the  lesions  were  distributed  on  the
ace  and  chest.  In  9  cases,  the  lesion  was  in  another  location
uch  as  a  limb,  back,  or  thigh.  The  clinical  characteristics  of
ll  patients  were  described  in  Figs.  1  and  2  and  summarized
n  Table  1.

athologic  features

he  authors  observed  diffused  infiltration  of  large  his-
iocytes,  plasma  cells  with  scattered  neutrophils,  and
ymphocytes  in  all  sections  (Fig.  3A).  In  most  cases,  histo-
ytes  were  large  with  wide  and  pale  cytoplasm  and  evident
ounded  nuclei.  However,  the  histocytes  showed  a  foamy
ppearance  or  multinucleation  in  four  cases.  The  authors
ound  diffused  fibrosis  and  collagen  deposition  without
broblast  infiltration  in  one  case.  Emperipolesis  was  found  in
ost  CRDD  cases.  Moreover,  the  authors  observed  red  blood

ells  engulfed  by  histocytes  in  one  case.
Immunohistochemical  features  were  shown  in  Fig.  3B  and

 and  were  summarized  in  Table  2.  The  results  revealed  sig-
ificant  expression  of  IgG4  in  6  patients  (>  50  cells/HPF),
oderate  expression  of  IgG4  in  3  patients  (30---50  cells/HPF),
ild  expression  in  9  patients  (10---29  cells/HPF)  and  negative
nfiltration  in  5  patients  (<  10  cells/HPF).  The  IgG4/IgG  ratio
anged  from  1.7%  to  85.7%  (mean  29.5%,  median  20.8%)  in
ll  positive  cases,  and  the  IgG4/IgG  ratios  in  7  cases  were
ver  40%.

T
6
o
o

65
igure  2  Tumor  like  type:  Dark  red  palm-sized  mass  on  flexor
spect of  left  thigh  with  obvious  central  uplift  and  multiple  dark
ed nodules  in  the  surrounding  surface

iscussion

ompared  with  classic  systemic  RDD,  CRDD  seems  to  occur
ore  frequently  in  Asians  and  has  a  female  predominance.11
he  disease  usually  affects  middle-aged  people  from  40  to
0  years.  In  the  23  patients  included  in  this  study,  65%  were
ver  50  years,  an  age  at  which  female  predominance  is  less
bvious.
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Figure  3  (A)  It  showed  a  diffused  infiltration  of  large  histiocytes,  lymphocytes,  and  plasma  cells  with  scattered  neutrophils.  (B)
Expression of  IgG.  (C)  Expression  of  IgG4

Table  2  Immunohistochemical  features  of  samples

Casea Features  specific  for  RDD  Antibodies  examined  may  contribute  to  diagnosis

S100b CD68b CD1ab IgG4+/HPFc IgG+/HPFc IgG4/IgG%c

1  +  +  −  46  81  56.8%
2 +  +  −  33  40  82.5%
3 +  +  −  11  65  16.9%
4 +  +  −  35  90  38.9%
5 +  +  −  20  220  9.1%
6 +  +  −  101  213  47.4%
7 +  +  −  72  84  85.7%
8 +  +  −  10  265  3.8%
9 +  +  −  1  4  25%
10 +  +  −  9  49  18.4%
11 +  +  −  1  46  2.2%
12 +  +  −  12  12  13.3%
13 +  +  −  10  190  5.3%
14 +  +  −  71  160  44.3%
15 +  +  −  69  116  59.5%
16 +  +  −  19  79  24.1%
17 +  +  −  6  178  3.4%
18 +  +  −  18  182  9.9%
19 +  +  −  65  118  55.1%
20 +  +  −  2  120  1.7%
21 +  +  −  78  218  35.8%
22 +  +  −  10  48  20.8%
23 +  +  −  21  117  17.9%

a Case 1 to case 12 were from Second Xiangya Hospital of Central South University and case 13 to case 23 were from Dermatology
Hospital of Southern Medical University.

b The immunohistochemical expression of S100, CD68 and CD1a were collected from existing pathologic reports.
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c Three high-power fields (400×) with the maximum number o
calculated and presented in the Table 2.

In  contrast  to  classic  RDD  with  obvious  systemic  symp-
oms,  CRDD  is  generally  limited  to  the  skin.  Skin  lesions  of
utaneous  RDD  vary  in  morphology,  size,  color,  and  loca-
ion.  The  clinical  manifestations  include  papules,  plaques,
odules,  and  pustules.12

Emperipolesis  is  a  phenomenon  of  the  lymphocytes  in
hich  they  maintain  their  structure  and  function  while
ntrapped  in  the  cytoplasm  of  histiocytes.  It  is  not  a  unique

eature  of  CRDD  and  can  also  appear  in  Hodgkin  lymphoma,
alignant  melanoma,  and  some  other  malignant  tumors.13

herefore,  the  most  recognized  diagnostic  criteria  of  CRDD
re  positive  IHC  staining  for  CD68  and  S-100  protein  and

b
c
p
≥

65
itive cells were counted, and an average number per HPF was

egative  staining  for  CD1a.  Despite  this,  the  diagnosis  of
DD  still  remains  to  be  a  challenge:  this  is  probably  due
o  its  overlapping  clinical  manifestations,  morphology,  and
HC  features  with  other  entities.  RDD  is  likely  to  be  con-
used  with  IgG4-RD  in  terms  of  clinical  manifestations.  The
ncrease  of  IgG4+ plasma  cell  numbers  has  been  found  in  70
odal  and  extranodal  cases  of  RDD.14

The  most  recognized  diagnostic  standards  for  IgG4-RD

ased  on  its  histology  and  IHC  are  as  follows:  (1)  Diffuse  or
haracteristic  enlargement,  tumors,  nodules,  or  hypertro-
hy  of  one  or  more  organs;  (2)  Serum  IgG4  levels  increased
1350  mg/L;  and  (3)  Histopathology  showing  obvious  lym-

4



atolo

p
i
I
q
i
R
I
m
p
n
p
R
o
o
c
R
I
t
s

H
s
m

C

C
r
p
c
m
a
g

I

I
p

F

T
F

A

P
s
t

s

p

e
t

t
m

C

N

R

1

1

1

1

1

15. Wallace ZS, Naden RP, Chari S, Choi HK, Della-Torre E, Dicaire
JF, et al. The 2019 American College of Rheumatology/European
League Against Rheumatism classification criteria for IgG4-
related disease. Ann Rheum Dis. 2020;79:77---87.
Anais  Brasileiros  de  Derm

hocyte  and  plasma  cell  infiltration  and  fibrosis,  or  the
nfiltration  of  IgG4-positive  plasma  cells  with  the  ratio  of
gG4/IgG-positive  plasma  cells  being  more  than  40%  and  the
uantity  of  IgG4-positive  cells  being  more  than  200/HPF
n  the  skin.15 Zhang  and  colleagues  speculated  that  IgG4-
D  and  RDD  may  share  a  common  pathogenesis,  or  that

gG4-RD  features  may  occur  at  some  stage  of  RDD,10 which
akes  identification  more  difficult.  In  the  present  study,  4
atients  who  were  diagnosed  with  CRDD  also  meet  the  diag-
ostic  criteria  of  IgG4-RD,  with  ratios  of  IgG4/IgG  positive
lasma  cells  of  more  than  40%.  These  results  showed  that
DD  and  IgG4-RD  were  not  completely  distinct  from  each
ther.  However,  in  the  23  total  cases  of  CRDD,  the  quantity
f  IgG4-positive  cells  was  less  than  200/HPF.  The  authors
an  therefore  determine  whether  the  patient  is  RDD,  IgG4-
D,  or  an  overlap  of  the  two  through  the  IHC  results  of  IgG,

gG4  and  the  ratio  of  IgG4/IgG  plasma  cells  combined  with
he  pathological  manifestations  and  the  staining  results  of
-100,  CD68,  and  CD1a.

Generally,  CRDD  is  a  self-limiting  and  self-curing  disease.
owever,  in  a  minority  of  cases,  the  skin  lesions  present  inva-
ive  growth  that  must  be  treated  with  excision,  cryotherapy,
ethotrexate,  retinoids,  steroids,  and/or  thalidomide.

onclusion

utaneous  RDD  is  a  rare,  nonmalignant  disease  characte-
ized  by  certain  clinical  and  pathological  features.  The
resence  of  emperipolesis  and  IHC  staining  of  histiocytes
onstituting  S-100(+)/CD68(+)/CD1a(−) cells  remains  the
ain  diagnostic  criteria.  Positive  staining  of  IgG4  and  IgG

nd  the  proportion  of  IgG4/IgG  may  be  important  for  distin-
uishing  RDD  from  IgG4-RD.

nformed consent

nformed  consent  was  obtained  from  all  individual  partici-
ants  included  in  the  study.

inancial support

his  study  was  supported  by  the  National  Natural  Science
oundation  of  China  (no 81500187,  no 81502710).

uthors’ contributions

uyu  Zou:  Contributed  to  the  critical  literature  review  and
tudy  concept  and  design;  wrote  the  manuscript,  and  did
he  statistical  analysis.

Yu  Liu:  Contributed  to  the  critical  literature  review  and
tudy  concept  and  design.

Yi  Zhan:  Conducted  data  collection,  analysis  and  inter-

retation.

Xueru  Zeng:  Effectively  participated  in  the  research  ori-
ntation,  and  the  propaedeutic  and  therapeutic  conduct  of
he  studied  cases.

65
gia  2023;98(5):651---655

Guiying  Zhang:  Made  a  manuscript  critical  review  of
he  literature  and  finally  approved  the  final  version  of  the
anuscript.

onflicts of interest

one  declared.

eferences

1. Rosai J, Dorfman RF. Sinus histiocytosis with massive lym-
phadenopathy. A newly recognized benign clinicopathological
entity. Arch Pathol. 1969;87:63---70.

2. Rosai J, Dorfman RF. Sinus histiocytosis with massive lym-
phadenopathy: a pseudolymphomatous benign disorder. Anal-
ysis of 34 cases. Cancer. 1972;30:1174---88.

3. Garces S, Medeiros LJ, Patel KP, Li S, Pina-Oviedo S, Li J, et al.
Mutually exclusive recurrent KRAS and MAP2K1 mutations in
Rosai-Dorfman disease. Mod Pathol. 2017;30:1367---77.

4. McClain KL, Natkunam Y, Swerdlow SH. Atypical cellular disor-
ders. Hematol Am Soc Hematol Educ Program. 2004:283---96.

5. Foucar E, Rosai J, Dorfman R. Sinus histiocytosis with mas-
sive lymphadenopathy (Rosai-Dorfman disease): review of the
entity. Semin Diagn Pathol. 1990;7:19---73.

6. Brenn T, Calonje E, Granter SR, Leonard N, Grayson W, Fletcher
CD, et al. Cutaneous Rosai-Dorfman disease is a distinct clinical
entity. Am J Dermatopathol. 2002;24:385---91.

7. Bialynicki-Birula R, Sebastian-Rusin A, Maj J, Wozniak Z, Baran
E, Dziegiel P. Multicentric reticulohistiocytosis with S100 protein
positive staining: a case report. Acta Dermatovenerol Croat.
2010;18:35---7.

8. Piris MA, Aguirregoicoa E, Montes-Moreno S, Celeiro-Munoz C.
Castleman disease and Rosai-Dorfman disease. Semin Diagn
Pathol. 2018;35:44---53.

9. Cai Y, Shi Z, Bai Y. Review of Rosai-Dorfman disease: new insights
into the pathogenesis of this rare disorder. Acta Haematol.
2017;138:14---23.

0. Zhang X, Hyjek E, Vardiman J. A subset of Rosai-Dorfman dis-
ease exhibits features of IgG4-related disease. Am J Clin Pathol.
2013;139:622---32.

1. Al-Khateeb TH. Cutaneous Rosai-Dorfman disease of the face:
a comprehensive literature review and case report. J Oral Max-
illofac Surg. 2016;74:528---40.

2. Kutlubay Z, Bairamov O, Sevim A, Demirkesen C, Mat MC.
Rosai-Dorfman disease: a case report with nodal and cutaneous
involvement and review of the literature. Am J Dermatopathol.
2014;36:353---7.

3. Lee KP. Emperipolesis of hematopoietic cells within megakary-
ocytes in bone marrow of the rat. Vet Pathol. 1989;26:473---8.

4. Menon MP, Evbuomwan MO, Rosai J, Jaffe ES, Pittaluga S. A sub-
set of Rosai-Dorfman disease cases show increased IgG4-positive
plasma cells: another red herring or a true association with
IgG4-related disease? Histopathology. 2014;64:455---9.
5

http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00089-2/sbref0075

	The evaluation of IgG4 and IgG expression in cutaneous Rosai-Dorfman disease
	Introduction
	Materials and methods
	Results
	Clinical features
	Pathologic features

	Discussion
	Conclusion
	Informed consent
	Financial support
	Authors' contributions
	Conflicts of interest
	References


