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ABSTRACT

Introduction. Wilson’s disease (WD) is a rare genetic disease with autosomal recessive transmission, thus screening of all
family members of newly diagnosed patients is recommended. Therefore, we aimed to analyze the proband’s family mem-
bers to detect asymptomatic cases and early treatment initiation.

Material and methods. There were retrospectively evaluated 12 families, between 2008 - 2023. The Leipzig Scoring Sys-
tem was used to assess the diagnosis. Genetic testing was performed in all cases by the Sanger sequencing method, exam-
ining exons with a high and moderate frequency of mutations.

Results. All patients were of Caucasian origin, and originally from Moldova. No patient reported consanguineous relation-
ships. In 9 families, first-degree relatives were tested - parents and siblings, in the other 3 cases only their descendants
were evaluated. In 6/12 cases: both parents were healthy carriers; in the other 3 families, one parent was a healthy carrier,
but the other parent had not been tested. Among siblings, 4 healthy carriers and 2 healthy siblings were identified. 7 new
family members with WD were identified in 5/12 families. 6 patients were asymptomatic, and 1 - was symptomatic. The
most frequent mutations detected were p.H1069Q and p.G1341D, both as compound heterozygous and homozygous reces-
sive. A rare mutation has been detected.

Discussions. Genetic counseling is important for the family of the patient with Wilson’s disease, as the evaluation of
first-degree relatives is recommended by all international guidelines. First-degree relatives include the proband’s siblings,
as well as the proband’s offspring and parents. It is also important to assess distant relatives, especially in more isolated
areas. Although it is an autosomal recessive disorder, systemic family screening is recommended, as cases of paradoxical
transmission are recorded. The c.2292C>T variant, identified in one patient, represents a rare mutation that, when occur-
ring in combination with another pathogenic mutation or a homozygous state, can cause WD.

Conclusions. Family screening greatly influences identifying asymptomatic members with Wilson’s disease. Genetic test-
ing is very important in differentiating healthy carriers from asymptomatic members, especially when deciding treatment
tactics.
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The research hypothesis
Irreversible tissue damage can be prevented if Wilson’s disease is
diagnosed and treated early. Relatives of individuals with Wilson’s

disease are at high risk of developing the disorder, so they must be
screened.

The novelty added by the manuscript to the already published
scientific literature

As aresult of the exhaustive examination of the families of the pro-
bands, new family members were diagnosed with Wilson’s disease
in the asymptomatic phase of the disease, thus initiating early spe-
cific therapy.

Introduction

Wilson’s disease (WD) is a rare genetic disorder caused
by a pathogenic mutation of the ATPase copper transport-
ing beta (ATP7B) gene, which is involved in cellular copper
metabolism. Because of this mutation, a defective protein is
synthesized, which does not allow the incorporation of cop-
per ions into ceruloplasmin, as well as the excretion of the
metal through bile. Thus, the abnormal copper metabolism
subsequently leads to the accumulative deposition of cop-
per in the target organs and impairs the normal functions
of the affected organs, especially in the liver and brain [1].

The prevalence of WD in the general population is 1:30
000 - 200 000 people [2, 3], but it can vary according to the
geographical area, and in socially, economically, culturally,
religiously, and geographically isolated communities it can
be much lower, especially if marriages between relatives are
practiced [4].

A polymorphic clinical picture characterizes WD, and
the disease can evolve from asymptomatic forms, isolated
non-specific symptoms, to acute liver failure. It must be sus-
pected in all adults or children presenting with unexplained
liver disease or/with a movement disorder of uncertain
cause, neuropsychiatric disorders, or unexplained hemo-
lytic anemia [5]. Because of its broad spectrum of clinical
manifestations that can present in almost any decade of life,
a high degree of clinical suspicion is needed for diagnosis
(Fig. 1) [6, 7]. Despite some specific changes in investiga-
tions, the diagnosis of WD remains a challenge, given that
there is no single specific test, but several tests are needed,
and genetic testing for ATP7B mutations is an important cri-
terion when routine examinations are not well defined [8].

In 1912, British neurologist Samuel Kinnear Wilson first
described WD as “progressive lenticular degeneration”, a
fatal familial neurological disorder that may be associated
with chronic liver disease leading to cirrhosis. In his work
he mentioned that “the most curious and remarkable fea-
ture of this familial nervous disease is the constant presence
of a profound degree of cirrhosis of the liver”, but at that
time it was considered not to cause clinical problems [9]. In
1916, physician Byrom Bramwell reported a family in which
four siblings died of “acute fatal cirrhosis”. Between 1925
and 1929, Drs. Barnes and Hurst described a family in which

3 of the eight children had Wilson'’s disease, but liver lesions
preceded neurological symptoms, and the fourth child died
of severe liver disease without neurological symptoms [10].
Respectively, the involvement of several members of the
same family with this disease is observed, which denotes
the importance of screening for the whole family.

WD is an autosomal recessive disorder. Although it is a
monogenic disorder, and the inheritance of characters oc-
curs according to Mendelian laws, paradoxical transmis-
sions of the disease, such as pseudo-dominant transmission,
have been recorded. Thus, cases of WD have been reported
in consecutive generations, but this can occur, particularly
when carrier frequencies are as high as in WD [11]. In addi-
tion, cases of atypical inheritance have been described, such
as the presence of three concurrent mutations in a single
patient or segmental uniparental disomy. This change oc-
curs when both homologs of a chromosome come from the
same parent [12].

It is important to screen family members of a newly di-
agnosed patient with WD, because the risk of developing
this disease is 25% for siblings, and 0.5% for offspring [3].
Thus, screening first-degree relatives can identify persons
affected by WD in the asymptomatic phase, although organ
lesions may already be present. In this phase, the evolu-
tion of the disease is favorable with the initiation of spe-
cific treatment. Therefore, it is essential to identify them
as early as possible and start chelator therapy [13]. This
also increases disease awareness among family members,
allows for close medical surveillance, and differentiates
healthy members or healthy carriers who might be po-
tential donors if a sick member requires a liver transplant
[14]. At this stage, it is important to differentiate asymp-
tomatic patients from healthy carriers because 15% of
carriers show changes in copper parameters [15]. Genetic
testing can confirm the diagnosis when biochemical test-
ing is inconclusive and can identify the individual’s status
as simple heterozygous, compound heterozygous, or ho-
mozygous recessive [13].

Taking into account the heredity, phenotypic diversity,
and genotypic heterogeneity of the disease, our goal was to
evaluate the families of patients diagnosed with WD to initi-
ate appropriate treatment in asymptomatic members.
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Neurologic features: dysarthria,
movements disorders (tremor,
involuntary movements), drooling,
transfer dysphagia. pseudobulbar palsy.
v rigid dystonia, dysautonomia, seizures,
] sleep disorders, insomnia
Psychiatric disorders: depression,
bipolar disorder/bipolar spectrum,
neurotic behaviors, personality
changes, psychosis

- Kayser-Fleischer ring
’w Sunflower cataract

Arrhythmias
Cardiomyopathy

Persistently cytolysis

Isolated hepato/splenomegaly
Acute non-viral hepatitis
Resembling autoimmune hepatitis
Fatty liver

Cirrhosis — compensated or
decompensated

Acute liver failure due to WD
Acute on chronic liver failure

* Pancreas: Pancreatitis

Primary symptoms of WD
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Glands: panhypopituitarism,
hypoparathyroidism, glucose
intolerance. disorders of growth

Kidneys: renal stones, renal tubular
dysfunction (Fanconi syndrome,
aminoaciduria, tubular acidosis),
nephrocalcinosis

Reproductive system: amenorrhea,
menstrual irregularity, delayed
puberty, gynecomastia, testicular
dysfunction

Osteomuscular: rickets, arthralgia,
arthritis, fractures, osteoporosis,
osteomalacia, chondromalacia
rhabdomyolysis. Duchenne’s
muscular dystrophy — like weakness

- Hematological: Hemolytic anemia,
® ‘ thrombocytopenia, pancytopenia,
. P coagulopathy

7 Skin: hyperpigmentation of lower
“y legs. azure lunulae of the nails,
J anetode:ma, Xerosis, acanthosns
}. 2 nigricans, subcutaneous hpom_a_s,
dermatomyositis

Potential secondary symptoms of WD

Fig. 1 Clinical Manifestations of Wilson’s Disease.

Note: WD - Wilson’s Disease.

Materials and methods

12 families were evaluated retrospectively and prospec-
tively, between 2008 and 2022 within the Human Molecular
Genetics Laboratory and the Gastroenterology Discipline of
the Nicolae Testemitanu State University of Medicine and
Pharmacy. The given study is part of the research protocol
that obtained a favorable opinion from the Research Ethics
Committee (minutes No.1 dated 25.05.2021). All study par-
ticipants (parents of children or patients) signed informed
consent forms.

Inclusion criteria:

1. Presence of a sick member with WD;

2. Patients aged = 5 years;

3. Consent of the patient or legal representative to par-

ticipate in the study.

Exclusion criteria:

1. Absence of family members affected by WD;

2. Patient aged < 5 years;

3. Lack of patient or legal representative consent to

participate in the study.

The investigation methods used within the study were:

= clinical examination - patients’ complaints, medical

and family history were collected. Physical examina-

tion was performed with recording of anthropomet-
ric data and vital signs;

laboratory investigations - complete blood count,
liver biochemical profile, coagulation, and copper pa-
rameters. Liver biopsy with copper quantification in
dry liver tissue was not performed for technical rea-
sons, it is not available in the country.

instrumental examinations - evaluation of Kay-
ser-Fleischer rings of the cornea, abdominal ultraso-
nography, Fibroscan, and brain magnetic resonance
imaging.

molecular-genetic analysis -Sanger sequencing of the
ATP7B gene was performed, examining exons with
a high and moderate frequency of mutations, at the
Human Molecular Genetics Laboratory in Moldova.
In certain cases, whole gene sequencing was per-
formed in Germany, Italy, and France.

D- Penicillamine test - The first dose (D-penicilla-
mine 500 mg) is administered at 8:30 a.m., and the
next dose (D-penicillamine 500 mg) at 8:30 p.m. (12
hours after the first dose). Urine collection begins
after the first dose, in a special “acid-washed” con-
tainer, so care is required in handling. Collect con-
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I ? ?
II ?
Proband Patient 3 p-H1069Q/N
Cirrhosis Asymptomatic
¢.2304dupC/ ¢.2304dupC/
€.2292C>T c.2292C>T
III ?
Patient 2 Patient 1
Asymptomatic Asymptomatic
p.H1069Q/ p-H1069Q/
in work in work

Fig. 2 Pseudo-dominant inheritance.

Note: The filled shapes - affected individuals. The half-filled shapes - the carrier. ¢.2304dupC/c.2292C>T - compound heterozygous; p.H1069Q/N - a healthy
carrier; p.H1069Q/in work - compound heterozygous, the second mutation is under examination; ? - genetic status unknown.

tinuously for 24 hours, including night and morning
samples.

= calculation of the Leipzig Scoring System (2001) for
all enrolled subjects; a score = 4 points establishes
the diagnosis of WD.

= mathematical-statistical processing methods - Micro-
soft Excel, Epi Info, Student’s t-test.

= creation of the figures - Canva, PowerPoint.

Results

All individuals included in the study underwent clinical,
paraclinical, and genetic examinations. Each patient was of
Caucasian origin, and originally from Moldova. Most pro-
bands originate from the south of the country (6/12), and
3 probands each originate from the north and the center of
the country. No patient reported consanguineous relation-
ships. Hepatic onset was more common in females (4/6, p <
0.01), while neurological onset was more prevalent in males
(4/6,p < 0.05).

In 9 of the families, the 1st-degree relatives were test-
ed - parents and siblings, in the other 3 cases only their
descendants were evaluated. In half of the cases (6 out of
12), both parents are healthy carriers; in the other 3 fam-
ilies, one parent is a healthy carrier, but the other parent
has not been tested. Among the siblings, 4 were identified as
healthy carriers and 2 were healthy (no mutation detected).
The most frequent mutations detected were p.H1069Q and
p.G1341D, both as homozygous recessive and heterozygous

(simple and compound). A rare mutation has been detected
-¢.2292C>T

As a result of the evaluation in 5 out of 12 families in-
volved in the study, 7 new members with WD were iden-
tified (6 males and 1 female). The mean age was 16 years
(range 5-34 years). In 4 cases, there were 1st-degree
relatives (siblings), and in 3 cases - 2nd-degree relatives
(cousins, nephews). 6 patients were asymptomatic, and
1 had neurological symptoms but were not included in
any nosology until the evaluation for WD (Table 1). In the
case of one family, a paradoxical transmission of the dis-
ease was identified - pseudo-dominant inheritance (Fig.
2). In 3 cases where both parents are healthy carriers,
both children were diagnosed with WD, with one diag-
nosis occurring through family screening (Figure 3). In
6 cases, WD was associated with liver damage, and one
case presented with a mixed phenotype. In 2 asymptom-
atic patients, no changes in copper parameters were ob-
served, only cytolysis with hepatosplenomegaly or only
hepatomegaly being highlighted, but after stimulation
with D-penicillamine, urinary copper in 24 hours in-
creased more than 5 times the upper limits of the norm.
In both cases, the genetic test confirmed the presence of
2 pathogenic mutations. Kayser-Fleischer ring was ob-
served only in a single patient with neurological damage.
All patients newly diagnosed with Wilson’s disease initi-
ated specific therapy.
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Table 1. Results of investigations of new patients with WD identified by family screening.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Age,y 5 8 34 12 5 23 22
Sex Male Male Male Female Male Male Male
Relationship with Nephew Nephew Brother Sister Brother Brother Cousin
proband
Clinical symptoms No No No No No No Yes
Phenotype Hepatic Hepatic Hepatic Hepatic Hepatic Hepatic Neurohepatic
Serum ceruloplasmin 10 14 > 24 24 69 >3

P (15-30mg/dl)  (15-30 mg/dl) (15-30 mg/dl) (16-45mg/dl)  (16-45mg/dl) (25-43 mg/dl) (200-600mg/1)
Urinary copper 24 h 72.7 117.95 139.4 4191 41.91 52.4 189
y copp (3-35 pg/24h) (10-60 pg/24h) (10-60 pg/24h) (10-60 pg/24h) (10-60 pg/24h) (10-60 pug/24h) (<60 ug/24h)

gfrt o e j:li};e 424.9 976.5 484.9 1022 325 1324 317
test (10-60 ng/24h) (10-60 pg/24h) (10-60 pg/24h) (10-60 ug/24h) (10-60 pg/24h) (<60 mg/24h) (15-59 pg/24h)
Serum ALT 185 173 38 100 20 58.8 19.9

(<36 U/L) (<29 U/L) (<41U/L) (<30U/L) (<30U/L) (<35U/L)) (<35U/L)
Serum AST 88.6 104 26 39 15 35 20.2

(<53U/L) (<36 U/L) (<37 U0/L) (<30U/L) (<30U/L) (<31U0/L) (<35U/L)
Kayser-Fleischer ring Absent Absent Absent Absent Absent Absent Present
Abdominal
echography Normal H-megaly HS-megaly H-megaly HS-megaly HS-megaly S-megaly
Cranial maenetic diffuse cerebral atrophy

gnet Normal Normal Normal Normal Normal Not done in both cerebral and
resonance imaging .
cerebellar hemispheres
p.H1069Q/in  p.H1069Q/in  c.2304dupC/ p.-H1069Q/ p.H1069Q/ p.G1341D /

ATP7B genotype work work €.2292C>T p.H1069Q p.Gly1341Asp p.G1341D p-H1069Q/ pG1341D
Leipzig Score 5p 4p 8p 6p 6p 8p 12p

Note: ATP7B - ATPase Copper Transporting Beta; H-megaly - hepatomegaly; HS-megaly - hepatosplenomegaly; S-megaly - splenomegaly; ALT - alanine
transaminase; AST - aspartate transaminase, y - years, h - hour.

: }40 ! [.740 1 [l74<'
p-H1069Q/N p-H1069Q/N p.Gly1341Asp/N p-H1069Q/N p.G1341D/N | p.G1341D/N
II II 11

Proband Patient 4 Proband Patient 5 Proband Patient 6

ALF/LT Asymptomatic Cirrhosis Asymptomatic Neurologic ~Asymptomatic
p-HI069Q/  pHI1069Q/ p.H1069Q/ p-H1069Q/ p.G1341D/  p-G1341D/
p-H1069Q p-H1069Q p.Glyl1341Asp p.Glyl341Asp p.G1341D p.G1341D

Family 1 Family 2 Family 3

Fig. 3 The pedigree of 3 families with all children affected by WD.

Note: Filled shapes - affected individuals. Half-filled shapes - a healthy carrier. ALF - acute liver failure; LT - liver transplantation; p.H1069Q/N - a healthy
carrier; p.Gly1341Asp/N - a healthy carrier; p.G1341D/N - a healthy carrier; p.H1069Q/p.H1069Q - homozygous recessive; p.H1069Q/p.Gly1341Asp - compound
heterozygous; p.G1341D/p.G1341D - homozygous recessive.

as it enables the most favorable treatment outcomes. [6].
The assessment algorithm includes a comprehensive clini-
cal and biochemical evaluation, as well as an analysis of the
ATP7B genotype [16] (Fig. 4).

Newborn screening did not yield the expected results,
so the running of national programs is not justified [14].

Discussion

Genetic counseling is essential for families of patients
with WD, and screening of first-degree relatives is recom-
mended by all international guidelines on diagnosis and
treatment of WD [3, 5, 13, 14, 16]. Accurate and timely diag-
nosis of WD is important for the affected person’s relatives,
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Screening should be delayed until the age of 2 years, some-
times even later, because WD is rarely symptomatic until 5
years [16]. Occasionally it can be initiated earlier, if there
are obvious signs of liver or occult damage (isolated hep-
atomegaly or splenomegaly, or fatty liver in the absence of
changes in biochemical tests) [14]. In special cases, prenatal
as well as neonatal testing based on genotype analysis can
be performed [5].

WD can be transmitted from affected but asymptomatic
parents to their offspring. First-degree relatives do not in-
clude only the siblings of a proband, but also the offspring
and parents of the proband. Although the risk of developing
the disease is higher in siblings, the risk to parents (0.5%)
and offspring (0.5%) is underestimated. Despite this,
screening of parents and children of a proband is warranted
considering the lethal potential of WD [17].

Most commonly, parents are considered healthy carri-

¢ Clinical evaluation and physical exam
* General blood analysis

Mold J Health Sci. 2024;11(1):19-26

ers. However, there have been reports of patients over 40
years diagnosed with WD. Therefore, considering the possi-
bility of a late onset, clinical and paraclinical exploration of
the parents of a newly diagnosed child with WD is indicated
[18]. Parents of the proband should contact their siblings
to inform them that they may be carriers of Wilson’s dis-
ease and should be referred for family screening [5]. Also,
it should be noted that for patients identified with WD in
childhood or adolescence, it is recommended to test their
descendants, once they decide to have children [17].

The identification in 2 consecutive generations of WD in
apparently unrelated families suggests the advantage of WD
screening in the offspring of an affected parent [16]. This
was also observed in Patient 1 and Patient 2 in the reported
study. Therefore, systemic family screening is recommend-
ed despite the autosomal recessive nature of WD transmis-
sion [8].

* Liver tests: ALT, AST, bilirubin total/fractions, AP, prothrombin, INR

» Copper metabolism: serum ceruloplasmin, urinary copper in 24h

* Abdominal ultrasonography for hepato- or/and splenomegaly, ascites

* Slit-lamp examination for the Kayser-Fleischer ring
* Cerebral magnetic resonance (if necessary)

* Molecular-genetic analysis for ATP7B mutation-specific testing for known
mutations (the pathogenic variant identified in the proband) or haplotype

analysis

~
N Fig. 4 Diagnostic Approach for Wilson’s disease in
family screening.
Note: ALT - alanine transaminase; AST - aspartate
transaminase; AP - alkaline phosphatase; INR - international

) normalized ratio. Adapted from Socha P. et al. Wilson’s Disease

Leipzig score is calculated at each step. If there are 4 points or more, the
diagnosis is confirmed and no additional tests are needed to start therapy.

WD can present with different clinical symptoms and
sometimes different phenotypes in patients with the same
genotype, even within the same family [17, 18]. This vari-
ability was also observed in our study group, especially in
families where both children were affected by WD (Fig. 2
and 3). According to the Mendelian laws of autosomal-re-
cessive transmission, in the case of carrier parents, there is
a 25% chance for offspring to develop WD, but in these fam-
ilies, both children were diagnosed with this disorder. This
highlights the genetic complexity of the disease, as well as
the involvement of potential epigenetic factors.

The probability of nephews and nieces being affected by
WD is 1 in 600, and for cousins, the probability is 1 in 800
[19]. In 2 different families in our research with affected
members, 2 nephews were identified with WD (Fig. 1) and a
cousin (Fig. 5). No consanguineous marriages were report-
ed in these families. The literature describes a case where,
after family screening, new WD diagnoses emerged across
generations in a single family, including an uncle and two

in Children: A Position Paper by the Hepatology Committee of the
European Society for Pediatric Gastroenterology, Hepatology
and Nutrition. Journal of Pediatric Gastroenterology and
Nutrition. February 2018; 66(2): 334-344.

cousins [20]. Such cases highlight the importance of testing
distant relatives, especially in more isolated areas.

In our study, it was identified a rare synonymous ATP7B
sequence variant c.2292C>T (p.Phe764=) in association with
the pathogenic variant c.2304dupC (p.M769Hfs*26) at Patient
3. His sister (proband) has the same mutations. This variant
€.2292C>T (p.Phe764=) increases the rate of exon 8 skipping
in the canonical ATP7B transcript, predicting an ATP7B pro-
tein lacking transmembrane domains 3 and 4 [21]. This muta-
tion accounts for ~0.5% (14 of 2816) of ATP7B alleles evaluat-
ed in a study of WD patients [22, 23]. The research of M. Panzer
and her colleagues highlighted that the synonymous sequence
ATP7B variant ¢.2292C>T is pathogenic by affecting messen-
ger ribonucleic acid (mRNA) splicing. It is associated with WD
being heterozygously compounded with other pathogenic
variants or homozygous for this sequence variant [21].

Detection of two pathogenic or probably pathogenic vari-
ants on both chromosomes confirms the diagnosis of WD, al-
though, in large studies of Caucasian patients with WD, the
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I 2
m( 2 ? ? ?
III

Proband Patient 7

Neuro-hepatic Neuro-hepatic

p.H1069Q/ p.H1069Q/

p-H1069Q p.G1341D
IV

p.H1069Q/N

Fig. 5 The pedigree of the Patient 7.

Note: Filled shapes - affected individuals. Half-filled shapes - a healthy carrier. p.H1069Q/ p.H1069Q - homozygous recessive; p.H1069Q/p.G1341D - compound

heterozygous; p.H1069Q/N - a healthy carrier; ? - genetic status unknown.

pathogenicity of both ATP7B alleles was associated in ap-
proximately 80% of patients tested [22, 23]. Previous stud-
ies reported that in 1-21% of cases, no pathogenic variant or
only one ATP7B variant was detected. Thus, differentiating
between WD patients and healthy carriers is a challenge in
the presence of ambiguous symptoms or laboratory tests [12,
22,23]. Aplausible explanation for missing variants in Sanger
sequencing of all exons and exon-intron border regions is the
presence of genetic deletions/duplications that can only be
detected by multiplex ligation-dependent probe amplifica-
tion (MLPA) or the presence of mutations in untranslated
regions, the promoter region or the deep intronic region [24].
Up to 15% of healthy carriers may show mild biochemical
changes. Consequently, in such cases, it is difficult to estab-
lish the diagnosis of WD or carrier, despite a complex molecu-
lar-genetic analysis. In addition, the genetic test is not always
available, or the result may be received much later [25]. In
some situations, such as biochemical abnormalities and the
absence of mutations or the presence of only one, it is recom-
mended to perform a liver biopsy with copper quantification
in the dry liver tissue. However, the decision to perform an
invasive examination on an asymptomatic person is difficult
and uncertain [13]. Thus, there is a need for an accurate, re-
liable, and non-invasive biological tool for family screening.
Exchangeable copper (CuEXC) is abiochemical marker that
estimates free copper overload and provides data on the se-
verity and dissemination of WD. Relative exchangeable copper
(percentage of CuEXC to total serum copper) appreciates the
toxic fraction of copper in blood and is an excellent biomarker

for WD diagnosis with 100% specificity and 100% sensitivity
[26]. Research by Dr. Trocello and colleagues showed that REC
could be a biomarker that statistically significantly differenti-
ates WD patients from simple heterozygotes (P = 0.016), as
well as WD patients from healthy individuals (P = 0.015) so
it can be useful for family screening. However further studies
are needed to validate this test for family screening [25].

The study had limitations related to the small number
of patients examined, therefore to obtain a more accurate
result; it is recommended to have evaluated a large sample
size. It was also not possible to clinically examine and genet-
ically test all first-degree relatives of the patients.

Conclusions

Our study showed that family screening plays a signif-
icant role in identifying asymptomatic members with WD.
Genetic testing should be performed to differentiate asymp-
tomatic patients with WD from healthy carriers.
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