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Abstract

Background:  Harlequin  ichthyosis  (HI) is  a  rare  skin  disorder  with  extremely  high  lethality  due

to a  mutation  of  the  ABCA12  gene.  Because  of  its  rarity  and  the  often-late  onset,  prenatal

screening  for  HI is extremely  difficult,  and  most  pregnant  women  might  easily  miss  the  period

for optimal  examinations.

Objective:  To  summarize  the  sonographic  features  of  HI  for  prenatal  diagnostic  purposes.

Methods:  The  authors  describe  a  case  of  HI  with  no family  history  who  was  diagnosed  by  using

prenatal ultrasound  scanning.  The  sonographic  features  of  HI  and  the clinical  characteristics  of

pregnant  women  were  summarized  by  searching  relevant  literature  over  nearly  two  decades.

Results: The  unique  sonographic  presentations  including  peeling  skin,  clenched  hands  and

clubfeet, ectropion,  flat  nose,  fetal  growth  impairment,  polyhydramnios  and  echogenic  amni-

otic fluid  may  be  primarily  related  to  skin  disorders  in HI  fetuses.  The  authors  also identified  a

novel pathogenic  ABCA12  gene  mutation  and  explained  the  possible  pathogenic  mechanisms.

Study limitations:  Caution  should  be exercised  in  summarizing  disease  characteristics  because

of the  small  number  of  cases,  and  the authors  are  faced  with  the  possibility  of  incomplete  case

searching.

Conclusions:  HI  has relatively  unique  sonographic  features.  Therefore,  2D-ultrasound  combined

with 3D-ultrasound  may  be an  effective  method  for  the prenatal  diagnosis  of  HI.  Moreover,  a

novel pathogenic  ABCA12  gene  mutation  may  provide  important  clues  for  future  research  on

the etiology  of  HI.  However,  the  authors  consider  that  additional  studies  are needed  to  provide

more evidence  for  prenatal  diagnosis.
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Introduction

Harlequin  ichthyosis  (HI)  is  a rare  autosomal  recessive
genetic  disease  (prevalence  1/300,000  births)  with  a high
mortality  rate.1,2 Fetuses  with  HI  can  develop  severe  skin
disorders  during  development,  including  large-thick,  plate-
like  scales  covering  the whole  body,  eclabium,  severe
ectropion,  and fattened  ears,  and late  progression  to  severe
scaling  erythroderma.  Respiratory  failure,  loss  of fluid  and
heat,  skin  infections,  and  electrolyte  metabolic  disorders
are  the  key  reasons  for  the poor  prognosis  of HI.  Unfor-
tunately,  there  is  no  effective  treatment  for  HI.3 Reliable
methods  for  prenatal  diagnosis  are  therefore  essential  for
neonatal  HI.

Prior  to  2005,  no  candidate  genes  for  HI  have been  iden-
tified  and  the  diagnosis  of  HI relied  on  intrauterine  fetal
skin  biopsies  at 19---23w.4---6 However,  because  this method
is  invasive  and  technically  difficult,  it increases  the risk  of
multiple  adverse  pregnancy  outcomes.  Therefore,  after  the
gene  ABCA12  was  identified  as  the  causative  gene  for HI,
ABCA12  mutational  analysis  by  testing  amniotic  fluid  and
umbilical  cord  blood  became  an effective  method  for pre-
natal  diagnosis  of  HI.7,8 However,  pregnant  women  with  no
family  history  or  previous  history  of HI  pregnancy,  often  do
not  choose  to undergo  HI-specific  prenatal  screening  using
the  methods  mentioned  above.  Ultrasound,  however,  as  a
non-invasive  and  inexpensive  test, appears  to  be  an  effec-
tive  method  for  prenatal  diagnosis  of  HI.

In  this  study,  the authors  successfully  performed  prena-
tal  diagnosis  using  2D  combined  with  3D  ultrasound  in  a
fetus  with  HI  with  no  family history.  Chromosomal  Microar-
ray  Analyses  (CMAs)  and  Sanger  sequence  analysis  were
used  to  identify  fetal  chromosome  abnormalities  and  obtain
a  pathogenic  ABCA12  gene  mutation.9,10 In addition,  by
searching  the  published  literature  on  HI,  the  authors  sum-
marized  the  sonographic  features  of HI.

Methods

Data  sources

The  ultrasonographical  and  clinical  data  of the  patient  were
obtained  based  on  the  electronic  medical  database  of  the
Second  Affiliated  Hospital  of Dalian  Medical  University.  The
GE  Voluson  E8  color  ultrasound  diagnostic  instrument  with
the  probe  frequency  set  from  2.5---5.0 MHz  was  used  in the
present  study.  MicroRNA  microarray  analysis  was  processed
with  a  commercial  750  K  microarray  chip  and  mutations  were
detected  by  Sanger  sequence  data  analysis.

Search  strategy

The  search  strategy  in  MEDLINE/Pubmed  used the following
keywords:  ‘‘Ichthyosis,  Lamellar’’  and ‘‘Ultrasonography,

Prenatal’’  [Mesh],  adapted  to  the  other  databases  when
necessary.

Results

Case presentation

The  present  case  is  of  a 40-year-old  woman,  gravida  1,
para  0, conceived  spontaneously  with  no  family  history.  The
mother  denied  medication  history  or  infection  and  a history
of  adverse  environmental  exposure  during  pregnancy.  Ultra-
sound  findings  at  13-week  early  pregnancy  screening  and
ultrasound  findings  at 24+3-week  middle  pregnancy  screening
showed  no  significant  abnormalities  and  Nuchal  Translu-
cency  (NT)  was  2.1  mm.  The  results  of  Noninvasive  Prenatal
Screening  (NIPS)  were  negative.  Until  30+2-week  of  preg-
nancy,  other  prenatal  examination  results  were  normal.

Although  the  ultrasound  examination  in the 30+2-week
late  pregnancy  suggested  that  no  significant  development
indicators  of abnormality  were  noted  (Table  1), the authors
observed  typical  sonographic  features,  including  a flat  nose,
peeling  skin  (Fig. 1A,  B), ectropion,  the  tongue  was  upturned
and  abnormally  large mouth  cleft  (similar  to  fish mouth)
(Fig.  2A,  B),  microtia  (Fig.  3)  and Amniotic  Fluid  Index  (AFI)
was  340  mm.  Then,  US evaluation  of  other  organs  such  as
the  brain,  heart,  and kidneys  was  normal  and CDFI  indicated
that  there  is  no  obvious  abnormality  of  the middle  cerebral

artery  and  umbilical  artery  blood  flow  signal.
For  better  observation,  Three-Dimensional  (3D)  image

reconstruction  was  carried  out  and  the  findings  are  as
follows:  palms  edema,  clenched  hands,  a  shortening  of pha-
langes  and  metacarpals  (Fig.  4A---C), clubfeet  (Fig.  5A,  B),
undescended  testis  (Fig.  6)  and  echogenic  amniotic  fluid.
Subsequent  to  counseling,  the pregnant  couple  decided  to
terminate  the  pregnancy  and genetic  testing  was  ordered.
The  skin  of  the fetus was  thickened,  with  deep  fissures
between  the skin  and  erythema  skin  spread  throughout  the
body,  resembling  an ‘‘armor’’.  There  was  ectropion,  a  flat
and  small  nose.  The  mouth opening  and  tongue  protrusion
were  observed.  Moreover,  limbs were fixed  and edematous,
the  hands  were  clenched,  the  feet  were  turned  inward,  and
the  little  fingers  and toes  were small.  The  testes  were  also
not  descended.  It was  confirmed  that  the  diagnosis  based  on
prenatal  ultrasound  was  accurate  (Fig.  7).

Chromosomal  microarray  assays  and  sanger
sequence analysis

The  preliminary  results  of  chromosomal  microarray  assays
suggested  that genotype  information  revealed  loss  of  het-

erozygosity  (LOH)  in  chromosome  2  (Fig.  8). Furthermore,  a
pathogenic  ABCA12  gene  mutation  - ABCA12:c.3785delT  in

Table  1  Ultrasound  measurement  of  development  parameters

Development  indicators  BPD  HC AC FL  HL EFW  EGW

This  case  75  mm  277  mm  252 mm  54  mm  49  mm  1373  ±  200 g 29  + 5  w

BPD, Biparietal Diameter; HC, Head Circumference; AC, Abdominal Circumference; FL, Femur Length; HL, Humerus Length; EFW,

Estimated Fetal Weight; EGW, Estimated Gestational Week.
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Figure  1  (A)  2-D ultrasound:  The  fetal  face  shows  a  flat  curve  and  nasal  hypoplasia  (arrow)  at  the  median  sagittal  section.  (B)

2-D ultrasound:  Abnormal  skin  flocculent  echo (arrow)

Figure  2  (A)  3-D  ultrasound:  the  image  of  the  face  of  the  fetus.  (B)  3-D  ultrasound:  eyelid  edema  and  ectropion  (black  arrow);

Hypoplastic nose  (white  arrow);  Eclabium  and  anterior  tongue  protraction  (blue  arrow)

Figure  3 2-D  ultrasound:  microtia  (arrow)

homozygosity  was  identified  based on  the result  of Sanger
sequence  analysis  (Fig.  9).

Literature  search

Through  searching  the published  cases,  the authors  iden-
tified  13  cases  of  HI  diagnosed  by  prenatal  ultrasound.
By  integrating  clinical  features  and ultrasound  sonographic
characteristics  of  all  cases,  the authors  found  that  the
maternal  age fluctuated  in a wide  range  in 27---40  years  and
that  the proportion  of  patients  with  a family history  was
low  (3/13).  The  onset  of  HI  was  concentrated  in  the third
trimester  of  pregnancy  and none  of  the HI  fetuses  survived
(Table  2).11---20 The  authors  have  analyzed  and  summarized
13  typical  ultrasonic  characteristics  of  HI  (Table  3).11---20

Peeling  skin,  clenched  hands  and  clubfeet,  ectropion,  flat
nose,  fetal  growth  restructuration,  polyhydramnios,  and
echogenic  amniotic  fluid  are  more  frequent  (≥ 5).  In
addition,  with  this  case,  the authors  found  HI  fetuses
with  combined  microtia,  a  shortening  of phalanges  and
metacarpals,  and  genital  anomalies  (undescended  testis),
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Table  2  Clinical  characteristics  and  pregnancy  outcomes  of  all  cases

ID  Age  Precentage  Gestational  week  of

ultrasonography

Family  history  or  HI

maternal  outcomes

Pregnancy

outcomes

Case  111 31  G3P0  31w  No  Death

Case 211 28  G1P0  30w  No  Death

Case 312 ---  G3P2  --- HI  maternal  outcomes  Death

Case 413 35  G1P0  31w  No  Death

Case 514 34  G1P0  31  +  5  w  No  Death

Case 615 27  G2P1  27w  No  Death

Case 716 ---  --- --- ---  Death

Case 817 ---  G2P1  --- ---  Death

Case 918 --- G1P0  34w  No  Death

Case 1018 30  G5P3  33w  No  Death

Case 1118 27  G3P2  27w  HI  maternal  outcomes  Death

Case 1219 34  G1P0  32w  No  Death

Case 1320 32  G2P0  30w  (First  time)/25  w  (Second  time)  HI  maternal  outcomes  Death

This case  40  G1P0  30  +  2  w  No  Death

The symbol ‘‘---’’  indicates the data previously not mentioned in the literature.

HI, Harlequin Ichthyosis.

Table  3  Thirteen  typical  sonographic  characteristics  of  HI from  published  cases

Ultrasonographic  Findings  Ectropion  Clenched  hands

and  clubfeet

Peeling  skin  Flat nose  Fetal  growth

restriction

Polyhydramnios

Case  111 +  +  +  + ---  ---

Case 211 +  ---  +  + +  ---

Case 312 +  +  ---  + +  +

Case 413 +  +  +  + ---  ---

Case 514 +  +  +  + +  ---

Case 615 +  +  +  + ---  ---

Case 716 +  ---  +  + ---  ---

Case 817 +  ---  ---  --- ---  ---

Case 918 +  +  +  --- +  +

Case 1018 +  +  +  --- +  +

Case 1118 +  +  +  --- +  +

Case 1219 --- +  +  + ---  +

Case 1320 ---  +  ---  + +  ---

This case +  +  +  + ---  +

Total 12  11  11  10  7  6

Ultrasonographic

Findings

Echogenic

amniotic fluid

Fish

mouth

Macroglosssia  Subcutaneous

edema

Micrognathia  Microcephaly  Short

umbilical  cord

Case  111 + +  ---  ---  ---  ---  ---

Case 211 + ---  ---  +  ---  ---  ---

Case 312 ---  ---  ---  ---  + ---  +

Case 413 ---  +  ---  ---  ---  ---  ---

Case 514 + +  + +  + +  ---

Case 615 ---  ---  ---  ---  ---  ---  ---

Case 716 ---  ---  + ---  ---  ---  ---

Case 817 ---  ---  ---  ---  ---  ---  ---

Case 918 ---  ---  ---  ---  ---  ---  ---

Case 1018 ---  ---  ---  ---  ---  ---  ---

Case 1118 ---  ---  ---  ---  ---  ---  ---

Case 1219 + ---  + ---  ---  ---  ---

Case 1320 ---  ---  ---  ---  ---  +  ---

This case +  +  + +  ---  ---  ---

Total 5 4  4 3  2 2  1

The symbols ‘‘+’’ or ‘‘−’’ represent presence or absence sonographic features respectively.
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Figure 4 (A) 3-D ultrasound: clenched hands and skin oedema. (B) 2-D ultrasound: a shortening of phalanges and metacarpals.

(C) 3-D ultrasound: the image of the upper limb of the fetus

Figure 5 (A) 2-D ultrasound: the image of the right feet of the fetus. (B) 3-D ultrasound: pedal oedema and clubfeet

which have rarely or never been mentioned in previous
reports.

Discussion

HI is a rare genodermatosis with high lethality, and there is
a lack of effective treatment for the condition. Based on the
results of this study, the authors found a wide maternal age
range of HI cases (ranging from 27---40 years) and no signifi-
cant abnormalities in early and mid-trimester examinations.
Because of its rarity and the time of onset, prenatal screen-
ing for HI is extremely difficult and most pregnant women,
especially those without a family history, might be easily
missed the window for optimal examinations such as amni-
otic fluid and umbilical cord blood molecular detection.11

However, some unique sonographic features of HI could
be detected in late pregnancy (ranging from 27w---34w)
ultrasound screening. Prenatal use of ultrasound imaging,
because of the lack of ionizing radiation, convenience and
clinically applicable, is expected to be an effective tool for
prenatal screening for HI.

In this study, the authors summarized the major sono-
graphic characteristics of HI by searching the relevant
literature and the results were reported in Table 3.11---20 The
features with the occurrence of more than 5 were as fol-
lows: (1) Peeling skin; (2) Clenched hands and clubfeet;
(3) Ectropion; (4) Flat nose; (5) Fetal growth restructura-
tion; (6) Polyhydramnios; (7) Echogenic amniotic fluid. The
authors believe that the unique sonographic presentations
described above may be primarily related to skin disor-
ders in HI fetuses. For example, the abnormal thickening
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Figure  6  3-D  ultrasound:  no  testicles  seen  in  scrotum

of  the  skin  may  limit  the  movement  of  the fetal  limbs
and  affect  intrauterine  growth and  development.  Since  the
amniotic  fluid  and  fetal  skin  undergo  free  diffusion  during
pregnancy,21 this  also  seems  to  explain  why HI  can  cause
polyhydramnios.  Peeling  skin  is  also  considered  to  be  one  of
the  causes  of  echogenic  amniotic  fluid.

Three-dimensional  observation  enabled  us to  get  more
visual  information  from  stereo  images  and to describe
some  sonographic  characteristics  of HI. In addition,  since
most  HI may  have  polyhydramnios,  which  is  more  favorable
for  three-dimensional  image  acquisition.22 Therefore,  the

Figure  7  The  appearance  of  abortus  with  Harlequin  Ichthyosis

was  consistent  with  our prenatal  ultrasound  diagnosis

authors  argue  that  a  combination  of  2D  and  3D  ultrasound
may  be more  beneficial  for  the prenatal  diagnosis  of  HI.

ABCA12,  localized  to  the cell  membrane,  is  an epider-
mal  keratinocyte  lipid  transporter  and a  defect  in ABCA12
leads  to skin  lipid  barrier  breakdown.8,23 The  results  of
the  chromosome  microarray  of  this  case  showed  the  Loss
of  Heterozygosity  (LOH)  in chromosome  2.  Sequencing
analysis  of  gene  ABCA12  identified  a  novel  mutation  ---
ABCA12:c.3785delT.  The  ABCA12:c.3785delT  mutation  type
is  a frameshift  and  deletion  mutation  that  causes  pheny-
lalanine  converts  to  serine  in its coding  peptide  chain  and
generates  a  premature  termination  codon  at  position  42  of
the  new  reading  frame.  Carrying  premature  stop  codons  can

Figure  8 Microarray  result  displays  for  chromosome  2
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Figure 9 Sequence analysis performed in this case identified

a novel pathogenic ABCA12 gene mutation --- ABCA12:c.3785delT

and the mutations is a frameshift and deletion mutation, which

lead to premature termination codons

yield truncated proteins24 and induce an mRNA degrada-
tion process called nonsense-mediated mRNA decay.25 These
causes led to the loss of function of the original protein
(p.Phe1262Serfs*42). The findings of this case provide new
clues for further investigation into the pathogenesis of HI.

Conclusion

HI has relatively unique sonographic features, there-
fore, systematic examination of pregnant women using
2D-ultrasound combined with 3D-ultrasound in the third
trimester of pregnancy can sharply reduce the rate of miss-
ing diagnosis or misdiagnosis of HI. Moreover, the authors
identified a novel pathogenic ABCA12 gene mutation and
explained possible pathogenic mechanisms.

Financial support

None declared.

Authors’ contributions

Zesi Liu: Approval of the final version of the manuscript;
critical literature review; effective participation in research
orientation; preparation and writing of the manuscript;
study conception and planning.

Chunli Jing: Approval of the final version of the
manuscript; effective participation in research orientation;
data collection, analysis, and interpretation; critical review
of the manuscript; study conception and planning.

Conflicts of interest

None declared.

References

1. Williams ML, Elias PM. Genetically transmitted, generalized

disorders of cornification. The ichthyoses. Dermatol Clin.

1987;5:155---78.

2. Arjona-Aguilera C, Albarrán-Planelles C, Jiménez-Gallo D.

Treatment of harlequin ichthyosis with acitretin. Actas Dermosi-

filiogr. 2015;106:759.

3. Jilumudi UB. Harlequin ichthyosis: a medico legal case report &

review of literature with peculiar findings in autopsy. J Forensic

Leg Med. 2012;19:352---4.

4. Akiyama M, Sakai K, Sugiyama-Nakagiri Y, Yamanaka Y, McMil-

lan JR, Sawamura D, et al. Compound heterozygous mutations

including a de novo missense mutation in ABCA12 led to a case

of harlequin ichthyosis with moderate clinical severity. J Invest

Dermatol. 2006;126:1518---23.

5. Akiyama M, Kim DK, Main DM, Otto CE, Holbrook KA. Character-

istic morphologic abnormality of harlequin ichthyosis detected

in amniotic fluid cells. J Invest Dermatol. 1994;102:210---3.

6. Suzumori K, Kanzaki T. Prenatal diagnosis of harlequin ichthyosis

by fetal skin biopsy; report of two cases. Prenat Diagn.

1991;11:451---7.

7. Akiyama M, Sugiyama-Nakagiri Y, Sakai K, McMillan JR, Goto M,

Arita K, et al. Mutations in lipid transporter ABCA12 in harlequin

ichthyosis and functional recovery by corrective gene transfer.

J Clin Invest. 2005;115:1777---84.

8. Kelsell DP, Norgett EE, Unsworth H, Teh MT, Cullup T, Mein

CA, et al. Mutations in ABCA12 underlie the severe con-

genital skin disease harlequin ichthyosis. Am J Hum Genet.

2005;76:794---803.

9. Liang D, Cram DS, Tan H, Linpeng S, Liu Y, Sun H, et al.

Clinical utility of noninvasive prenatal screening for expanded

chromosome disease syndromes. Genet Med. 2019;21:1998

---2006.

10. Wang H, Dong Z, Zhang R, Chau MHK, Yang Z, Tsang KYC, et al.

Low-pass genome sequencing versus chromosomal microarray

analysis: implementation in prenatal diagnosis. Genet Med.

2020;22:500---10.

11. Zhou Y, Li L, Wang L, Zhang C. Prenatal diagnosis of a rare variant

of harlequin ichthyosis with literature review. BMC Med Imaging.

2021;21:56.

12. Akiyama M, Titeux M, Sakai K, McMillan JR, Tonasso L, Calvas P,

et al. DNA-based prenatal diagnosis of harlequin ichthyosis and

characterization of ABCA12 mutation consequences. J Invest

Dermatol. 2007;127:568---73.

13. Liang Q, Xiong F, Liang X, Zheng D, Su S, Wen Y, et al. Two

successive cases of fetal harlequin ichthyosis: a case report.

Exp Ther Med. 2019;17:449---52.

14. Brandão P, Seco S, Loureiro T, Ramalho C. Prenatal sono-

graphic diagnosis of Harlequin ichthyosis. J Clin Ultrasound.

2019;47:228---31.

15. Jian W, Du QT, Lai ZF, Li YF, Li SQ, Xiong ZT, et al. Prenatal

diagnose of a fetus with Harlequin ichthyosis in a Chinese family.

Taiwan J Obstet Gynecol. 2018;57:452---5.

16. Basgul AY, Kavak ZN, Guducu N, Durukan B, Isci H. Prena-

tal diagnosis of congenital harlequin ichthyosis with 2D, 3D,

and 4D ultrasonography. Clin Exp Obstet Gynecol. 2011;38:

283---5.

17. Hazuku T, Yamada K, Imaizumi M, Ikebe T, Shinoda K, Nakat-

suka K, et al. Unusual protrusion of conjunctiva in two neonates

with harlequin ichthyosis. Case Rep Ophthalmol. 2011;2:

73---7.

18. Suresh S, Vijayalakshmi R, Indrani S, Lata M. Short foot length:

a diagnostic pointer for harlequin ichthyosis. J Ultrasound Med.

2004;23:1653---7.

19. Vohra N, Rochelson B, Smith-Levitin M. Three-dimensional

sonographic findings in congenital (harlequin) ichthyosis. J

Ultrasound Med. 2003;22:737---9.

20. Bongain A, Benoit B, Ejnes L, Lambert JC, Gillet JY.

Harlequin fetus: three-dimensional sonographic findings and

new diagnostic approach. Ultrasound Obstet Gynecol. 2002;20:

82---5.

21. Huang J, Mo J, Zhao G, Lin Q, Wei G, Deng W, et al. Appli-

cation of the amniotic fluid metabolome to the study of fetal

malformations, using Down syndrome as a specific model. Mol

Med Rep. 2017;16:7405---15.

22. Bromley B, Shipp TD, Benacerraf B. Assessment of the third-

trimester fetus using 3-dimensional volumes: a pilot study. J

Clin Ultrasound. 2007;35:231---7.

812

http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0005
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0010
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0015
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0020
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0025
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0030
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0035
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0040
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0045
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0050
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0055
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0060
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0065
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0070
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0075
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0080
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0085
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0090
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0095
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0100
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0105
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0110


Anais Brasileiros de Dermatologia 2023;98(6):806---813

23. Li Q, Frank M, Akiyama M, Shimizu H, Ho SY, Thisse C,

et al. Abca12-mediated lipid transport and Snap29-dependent

trafficking of lamellar granules are crucial for epidermal mor-

phogenesis in a zebrafish model of ichthyosis. Dis Model Mech.

2011;4:777---85.

24. Hu GX, Dai DP, Wang H, Huang XX, Zhou XY, Cai J,

et al. Systematic screening for CYP3A4 genetic polymorphisms

in a Han Chinese population. Pharmacogenomics. 2017;18:

369---79.

25. Isken O, Maquat LE. The multiple lives of NMD factors: bal-

ancing roles in gene and genome regulation. Nat Rev Genet.

2008;9:699---712.

813

http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0115
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0120
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125
http://refhub.elsevier.com/S0365-0596(23)00139-3/sbref0125

	Two- and three-dimensional sonographic findings of harlequin ichthyosis: case report and literature review
	Introduction
	Methods
	Data sources
	Search strategy

	Results
	Case presentation
	Chromosomal microarray assays and sanger sequence analysis
	Literature search

	Discussion
	Conclusion
	Financial support
	Authors contributions
	Conflicts of interest
	References


