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Abstract: 

Wilson disease (hepatolenticular degeneration) is a rare autosomal recessive 

ailment characterized by aberrant copper buildup in the body, with the brain, 

liver, and cornea being notably affected. Wilson illness is caused by a mutation in 

the ATP7B gene on chromosome 13, which regulates the protein transporter that 

excretes excess copper into the bile and out of the body. So far, over 500 

mutations have been discovered. The most common treatment for WD is D-

penicillamine (D-PCA). Patients with severe spasms, deformities, or dysphonia, as 

well as those who are allergic to D-PCA, should avoid it. Early Diagnosis is a key 

factor in saving patient’s live, and thus prober investigation should be done as 

soon as possible.  Family screening is a must when a patient is diagnosed to role 

out any other patients in the family with the disease and because of the strong 

genetic factor impacting the disease. early detection is critical for initiating 

therapy in the early, asymptomatic stages of the disease, rather than when liver 

decompensation or extensive neurological irreversible harm has already occurred. 

In this circumstance, the optimum technique is to finish copper investigations in 

the index patient's first- and second-degree relatives. In the present article we’ll 

be discussing disease prevalence, etiology and more importantly diagnosis and 

management. 

  



 

 

Introduction: 

Wilson disease (hepatolenticular degeneration) is a rare autosomal recessive 

Disorder characterized by aberrant copper buildup in the body, with the brain, 

liver, and cornea being notably affected. It affects one out of every 30,000 people 

and can cause weakness, stomach discomfort, jaundice, personality changes, 

seizures, and other symptoms. [1] 

Wilson's illness is characterised by hepatic and extrapyramidal movement 

abnormalities (EPS), which express itself in a variety of ways between the ages of 

5 and 45. Early diagnosis is typically difficult due to this diversity. A categorization 

helps to characterise current clinical data and make an early preliminary diagnosis 

by defining several clinical forms of Wilson's illness. Differential diagnoses must 

be considered until unambiguous confirmation of an autosomal recessive disease 

of the hepatic copper transporter ATP7B has been ruled out. Laboratory-chemical 

characteristics of copper metabolism can be departures from the norm unrelated 

to Wilson's illness, as well as other copper metabolism problems. [2] 

The brain and liver are generally involved in the symptoms. Tremors, muscular 

stiffness, difficulty speaking, personality changes, anxiety, and auditory or visual 

hallucinations are examples of brain or neurological symptoms. Vomiting, 

weakness, ascites, swelling of the legs, yellowish skin, and itching are all 

indications of a swollen liver. Wilson was the first to discover WD in 1912. ATP7B 

gene is found on the long arm of chromosome 13 (13q14-21). This gene, codes for 

a P-type ATPase involved in ceruloplasmin production and copper excretion from 

the liver. A copy of the gene from each parent must be inherited for a person to 

be impacted. Blood tests, urine tests, and a liver biopsy, as well as a clinical 

examination, are used to make the diagnosis. Family members of people who are 

sick may be screened through genetic testing. [1] 

The first two instances of WD in China were reported by Cheng. After the 1950s, 

WD research exploded, and the number of documented cases progressively 

caught up to those of Western nations.On chromosome 13q14-21, the gene that 

causes WD is found. This gene, ATP7B, codes for a P-type ATPase involved in 

ceruloplasmin production and copper excretion. Pathogenic mutations in ATP7B 

impair the normal structure or function of enzymes, causing copper accumulation 

in various organs and resulting in a variety of clinical symptoms. Excess copper is 



 

 

also discharged into the bloodstream, resulting in secondary pathological buildup 

in other tissues, notably the brain, which can cause neurological symptoms and 

mental disorders. Symptoms can range from mild to severe, with the majority of 

cases occurring between the ages of 5 and 35. Misdiagnosis is widespread due to 

the disease's many symptoms. Many scientists have tried to figure out how the 

genotype and phenotype of WD are related. Dong et al. discovered 58 novel 

mutations and created the first Chinese ATP7B pathogenic mutation spectrum 

between 2004 and 2015. [3-9] 

The majority of Wilson disease patients develop liver impairment in their first ten 

years of life. In the third/fourth decade of life, neuropsychiatric symptoms 

appear. Wilson illness is uncommon, yet it is lethal if not diagnosed and treated. 

[1] 

WD is uncommon, with an incidence of clinical illness estimated to be 1 in 30,000; 

however, new molecular investigations have found a higher prevalence of genetic 

WD (based on two alleles with harmful mutations). WD is one of just a few 

hereditary illnesses that may be effectively controlled if detected early and 

treated appropriately; nonetheless, WD is always deadly if left untreated. [10] 

The mean interval between the onset of symptoms and diagnosis in a German 

cohort of 137 symptomatic WD patients identified between 1957 and 2005 was 

25.3 months. 60.3 percent of patients were diagnosed within one year, 68.2 

percent within two years, and 22.5 percent of all patients were detected three 

years after the onset of symptoms. Neurological presentation is linked to a 

considerably longer period from beginning of symptoms to diagnosis than hepatic 

presentation in all WD groups, spanning from 2.5 to 6 years. Despite current 

medical developments, there appears to have been little progress in the recent 

few decades in terms of diagnostic time. [11] 

The most common treatment for WD is D-penicillamine (D-PCA). Patients with 

severe spasms, deformities, or dysphonia, as well as those who are allergic to D-

PCA, should avoid it. In China, dimercaptosuccinic acid (DMSA) was the first 

medicine used to treat WD. For individuals with significant neurological 

symptoms, DMSA is indicated as an alternative. Monozygous treatment is also 

appropriate for asymptomatic WD, as well as maintenance therapy when copper 

chelating drugs have been used. Because WD is a hereditary illness that may be 



 

 

treated, the majority of individuals have a good prognosis. Although the 

frequency of WD in China is higher than in Western nations, clinical studies are 

scarce in China, and therapy is frequently relied on expert opinion and data from 

other countries. As a result, specialized therapies for Chinese patients with WD 

must be researched and provided. [3,12-14] 

Etiology and pathophysiology: 

Wilson illness is caused by a mutation in the ATP7B gene on chromosome 13, 

which regulates the protein transporter that excretes excess copper into the bile 

and out of the body. The protein transporter is found in the liver and brain's 

trans-Golgi network. Copper is excreted mostly (95 percent) through the liver. 

Excess copper builds up in the liver, then leaks into the bloodstream, eventually 

affecting other organ systems. Excess copper induces the production of free 

radicals, which cause the oxidation of essential proteins and lipids. The 

mitochondria, nuclei, and peroxisomes are the first to alter. [1] 

The ATP7B gene has 20 introns and 21 exons and is found on the short arm of 

chromosome 13. According to The Human Gene Mutation Database, more than 

700 mutations have been identified, and individuals might be homozygous for 

one disease-causing mutation or compound heterozygous for two separate 

disease-causing mutations. Nearly all 21 exons can be affected by mutations, 

which are typically missense and nonsense. Exon 14 missense mutation H1069Q is 

quite prevalent. About 50–80 percent of WD patients from Central, Eastern, and 

Northern Europe had the H1069Q mutation on at least one allele. [10] 

The ATP7B mutation causes the ATPase to be missing or non-functional, resulting 

in impaired ceruloplasmin production and biliary copper excretion. Copper 

toxicity occurs as a result of copper buildup in hepatic and extrahepatic tissues, 

leading in a variety of clinical manifestations of Wilson disease. Copper, as a 

prooxidant, produces enough reactive oxygen species to cause cellular damage. A 

conformational shift in the antiapoptotic protein, X linked inhibitor of apoptosis, 

causes copper to cause apoptosis (XIAP) [15] 

Other proteins and altered genes beyond ATP7B have been investigated as 

possible contributors to the WD phenotype. PNPLA3, or patatin-like 

phospholipase domain-containing protein 3, is involved in triglyceride 

metabolism; a PNPLA3 variation linked to non-alcoholic fatty liver disease (NAFLD) 



 

 

has also been linked to the degree of hepatic steatosis in WD24 patients. PNPLA3 

deficiency has been associated to triglyceride buildup in hepatocytes and stellate 

cells. Furthermore, the ApoE ε4 allele of the apolipoprotein E gene (ApoE), which 

is involved in lipid metabolism and neurodegenerative illnesses, was thought to 

be a modulator of the WD phenotype, however a comprehensive investigation 

found no link between the ApoE ε4 genotype and the hepatic or neurological 

phenotype in WD. ApoE 4-positive women, on the other hand, had illness start at 

a younger age than women with the ε3/ε3 genotype, especially if they were also 

homozygous for the H1069Q mutation. Copper buildup in Bedlington terriers is 

caused by mutations in the copper metabolism domain containing 1 (COMMD1) 

gene (previously MURR1), and one research found COMMD1 variations in 30 

percent of 63 individuals. [10] 

Epidemiology: 

With a gene frequency of 0.56 percent, the prevalence of WD, a rare illness, is 

comparable in most world locations, equal to around 0.5 cases per 100000 

population, or the most frequent number 30 cases per million. Nonetheless, the 

condition is far less prevalent in other areas/countries, with specific mutations 

being reported more commonly in some groups. So far, over 500 mutations have 

been discovered, and the lower number of clinically evident instances compared 

to the frequency of allele carriers in the population likely reflects the mutations' 

lesser penetrance. [16-20] 

This illness affects 1 in every 30,000 people, with 1 in every 90 people being a 

carrier. Wilson illness is more common in some groups due to a higher percentage 

of consanguinous marriages. Males and females are both impacted in the same 

way. The typical age of onset is four to forty years old, however this illness has 

been found in infants as young as three and individuals as old as seventy. [1] 

In 1968, Sternlieb and Scheinberg estimated the prevalence of WD to be 

5/1,000,000. Bachman et al. researched WD in Leipzig, Germany, from 1949 to 

1977, and found that the frequency of WD was 29/1,000,000 births. According to 

Saito, the frequency of WD was 33/1,000,000 newborns in 1981. In 1991, Park et 

al. used computerised hospital data, survey findings, and death certificates to try 

to figure out how common WD was in Scotland. In a population of 5,090,700 

people, they found 21 cases with WD, resulting in a prevalence of 



 

 

4/1,000,000.Reilly et al. utilised a similar methodology to evaluate the prevalence 

of WD in the Republic of Ireland in 1993, and they found 26 cases during a 19-

year period.In five of the cases, patients died before receiving a definitive 

diagnosis. The adjusted birth rate of people with WD was 17/1,000,000 between 

1950 and 1969, corresponding to a gene frequency of 0.41 percent and an 

incidence of heterozygotes of 0.82 percent. To obtain a minimal illness estimate, 

the gene frequency was updated to 0.36 percent and the incidence of 

heterozygotes was modified to 0.72 percent to account for the greatest degree of 

kinship. [3,21-26] 

So far, over 500 mutations have been discovered, and the lower number of 

clinically evident instances compared to the frequency of allele carriers in the 

population likely reflects the mutations' lesser penetrance. In Europe and North 

America, the most prevalent mutations are His1069Glu (H1069Q), Arg778Leu in 

South Korea, Japan, and China, 2007del7 in Iceland, and Met645Arg in Spain. The 

illness is most common in Germany (2.5/100000 people), Japan (3.3/100000 

people), and Austria (3.0/100000 people). Costa Rica, on the other hand, has the 

highest incidence rate in the world (4.9/100000 people).The most common 

mutation is Asn 1270 Ser, which was previously exclusively seen in Sicilian, 

Lebanese, and Turkish populations, probably due to increased consanguinity and 

a potential founder effect. The second place with a high prevalence (estimated 

1/10000-1/7000) is Sardinia, where a well-documented founder mutation (-441/-

427del) is widely frequent (67%) and all other mutations have a relative frequency 

below 10%. [3,27-40] 

Presymptomatic WD patients who comply with therapy have mortality rates that 

are equivalent to the general population. However, studies demonstrate that 

death rates in patients with WD (5–6.1%) are greater than healthy controls in the 

total WD group (independent of adherence, clinical symptoms, beginning stage of 

illness, or type of therapy). Survival is impacted by severe hepatic and 

neurological illness, as well as non-adherence to therapy. [10] 

Evaluation: 

Wilson illness must be diagnosed and treated as soon as possible if it is to be fully 

recovered. Otherwise, the condition is deadly. As a result, any unexplained 

hepatic or neurological manifestation should be considered. 



 

 

Molecular diagnostics (laboratory diagnosis), diagnostic imaging, and genetic 

analysis are all used to diagnose WD. The use of molecular diagnostics has risen. 

Liver illness, brain and nerve system damage, osteoporosis, and K-F rings are all 

clinical symptoms of WD. It's possible that liver damage will go undetected. 

Routine liver function tests do not provide diagnostic information. Tremors can 

help doctors diagnose WD that affects the neurological system. Patients with 

neurological or mental symptoms are more likely to be diagnosed with WD. The 

existence of K-F rings near the cornea's edge can also be used to diagnose the 

condition. [3] 

a ceruloplasmin level test can be ordered if you a strong suspicion of Wilson 

illness is present . It will be below 20 mg/dL (normal range is 20 to 40 mg/dL). 

Copper levels in the urine will be increased by more than 100 mcg/dL. These two 

lab results with Kayser-Fleischer rings are generally adequate to diagnose Wilson 

disease, but if another diagnosis is possible, schedule a liver biopsy to check for 

liver copper levels; this is the most accurate test for Wilson disease. Any protein 

deficient condition can cause low amounts of ceruloplasmin. A copper level more 

than 250 mcg/g of dry liver tissue indicates a good outcome. The use of an MRI to 

screen for brain involvement is beneficial. Elevated AST and ALT levels cause liver 

function tests to be abnormal. [1] 

Hepatic symptoms are the most common onset presentation in children, with an 

average age of 11 years. However, there are some examples of liver disease 

caused by WD in very young patients, including three young children aged 8, 9, 

and 13 months who were evaluated for transaminitis, a 3-year-old with cirrhosis, 

and a 5-year-old with acute liver failure (ALF). In large case series, the average age 

of commencement of neurologic symptoms is about 15–21 years old, a decade 

after the onset of liver disease, however a few patients have been identified with 

an initial neurologic onset before the age of 10. Late-onset WD in people over 40 

is also recorded in the literature, with 94 examples published so far: 20 case 

reports, four case series (28 patients), and one big European research of 46 

patients. [11] 

In one-third of patients, psychiatric symptoms appear before neurological or 

hepatic symptoms. In youth, poor academic performance or personality 

abnormalities such as impulsivity, labile mood, sexual exhibitionism, and 



 

 

inappropriate conduct might be observed, but older patients may display 

psychotic symptoms such as paranoia, schizophrenia, or sadness. In a group of 

Wilson disease patients from Bangalore, affective disorder, significant depression, 

and dysthymia were the most prevalent psychiatric diagnoses. [15] 

The basal ganglia were the most commonly damaged regions on nuclear magnetic 

resonance imaging (MRI) of the brains of patients with WD. The caudate nucleus, 

thalamus, midbrain, pons, and cerebellum show hypointensity on T1-weighted 

imaging and hyperintensity on T2-weighted scans, but hyperintensity on T1-

weighted images and hypointensity on T2-weighted images can occur in select 

rare situations. The basal ganglia, thalamus, and brainstem are more likely to 

experience simultaneous signal alterations.Patients with WD exhibit different 

degrees of frontal brain atrophy, ventricular enlargement, and hydrocephalus. 

Because the brain abnormalities observed on MRI might disappear after 

successful therapy, MRI is a helpful tool for monitoring treatment efficacy. [3] 

Wilson's illness must be investigated in differential diagnosis for the existence of 

unclear symptoms related with the basal ganglia and cerebellum, especially 

before the age of 45, and in unusual cases even beyond that. Knowing how 

Wilson's illness progresses clinically (clinical variations) aids in spotting differences 

in clinical findings. 

Atypical liver features at diagnosis: Asymptomatic hepatomegaly, isolated 

splenomegaly, persistent or intermittent elevations of serum aminotransferases, 

jaundice, fatty liver or pseudo-autoimmune hepatitis, acute hepatitis, 

compensated or decompensated cirrhosis, and ALF are some of the hepatic 

symptoms of WD at presentation. Some liver disease symptoms, particularly 

those that resemble non-alcoholic steatohepatitis (NASH) in obese people or ALF, 

might be deceiving. [11] 

Wilson illness should be considered if symptoms suggestive of the condition are 

present, or if a family member has been diagnosed with it. Most exhibited slightly 

elevated aspartate transaminase, alanine transaminase, and bilirubin levels, as 

well as mildly abnormal liver function tests. Because injured liver cells are unable 

to make albumin, the prothrombin time is extended; similarly, the prothrombin 

time is prolonged because the liver is unable to create proteins known as clotting 

factors.Wilson-related acute liver failure patients had decreased alkaline 



 

 

phosphatase levels. If there are neurological symptoms, a T2 sequence MRI of the 

brain may reveal hyperintensities in the basal ganglia. The unique "face of the 

gigantic panda" pattern may be visible on MRI. [1] 

Because the serum Cp level may be normal in ALF related to WD, and 24-hour 

urine copper is generally high in all ALF patients regardless of the aetiology, 

diagnosing WD in the setting of ALF remains difficult. Hemolytic anaemia, which is 

frequent in ALF owing to WD, should be a warning signal. Because AST is present 

in red blood cells, this results in a disproportionate rise of AST relative to ALT, and 

an AST/ALT ratio of >2.2 has a sensitivity of 94 percent and a specificity of 86 

percent for the diagnosis of WD. [15] 

KFR: Copper deposition in the Descemet's membrane of the cornea is 

macroscopically evident as the KFR. They were first characterised in 1902 by 

Kayser, ten years before Wilson's discovery of progressive lenticular 

degeneration. They show as a brown ring on the cornea's edge that isn't always 

closed. they are considered a cardinal symptom. Nonetheless, KFR are among the 

early signs of the disease in children, yet they are frequently absent in the early 

stages of the disease. KFR was only found in 44–62 percent of individuals with 

Wilson's disease who had hepatic symptoms, and they were almost never seen in 

children with liver illness. Furthermore, they are more prevalent in patients with 

the homozygous H1069Q mutation at the time of diagnosis than in individuals 

with the compound heterozygous H1069Q mutation. [2] 

Genetic testing has also become commonplace. Mutations in the ATP7B gene are 

the cause of WD. Direct sequencing analysis is currently the most accurate 

method of detecting ATP7B mutations. Point mutations are the most prevalent 

changes, although other types of mutations, such as minor deletions or insertions, 

entire deletions, and splice site alterations, have also been discovered. Previous 

research has suggested that WD in China is caused by a combination of common 

and unusual mutations. [3] 

Family screening is recommended because early detection is critical for initiating 

therapy in the early, asymptomatic stages of the disease, rather than when liver 

decompensation or extensive neurological irreversible harm has already occurred. 

In this circumstance, the optimum technique is to finish copper investigations in 

the index patient's first- and second-degree relatives. 



 

 

Treatment: 

Treatment should preferably begin soon after diagnosis in pre-symptomatic 

patients (where testing is done as part of a screening for afflicted family 

members) or immediately following rapid diagnosis in symptomatic people. If 

therapy is started early enough, deterioration can be avoided, and life expectancy 

can be equivalent to that of those who do not have the condition. Patients with 

WD have a good prognosis if they stick to their treatment regimen. On the 

contrary, the disease's natural course is nearly often marked by gradual, 

unrelenting deterioration, eventually leading to death from liver or brain 

disease.Discontinuing medication can be fatal, putting the patient at risk of FW 

and increasing mortality, as shown in a research in which 8 of 11 patients who 

stopped receiving treatment died on average 2.6 years later. [16] 

D-penicillamine (chelator): D-penicillamine has been used as a first-line therapy 

for Wilson disease since the 1950s. It is taken as tablets two or three times a day. 

Pyridoxine and D-penicillamine must be administered together. To confirm 

chelation and enhanced copper excretion, 24-hour urine copper excretion is 

employed. Urinary copper levels should be five to 10 times normal; if they're 

lower, noncompliance may be a problem, or body copper reserves may have been 

depleted sufficiently. [41] 

- During D-penicillamine treatment, a complete blood count and urinalysis 

must be checked on a regular basis. Serious adverse effects, such as severe 

thrombocytopenia, leukopenia, aplastic anaemia, proteinuria, nephrotic 

syndrome, polyserositis, Goodpasture syndrome, and severe skin reactions, 

can occur in up to 30% of people. It's possible that an allergic reaction with 

fever, rash, and proteinuria will occur early on. If any of these adverse 

effects are discovered, D-penicillamine should be stopped and replaced 

with another medicine. If no other options are available, D-penicillamine-

induced side effects may be managed with steroid co-administration. 

- D-penicillamine is an immunosuppressant that inhibits collagen cross-

linking. Individuals may develop atypical skin and connective tissue collagen 

after decades of therapy, as well as prolonged depletion of copper and 

(potentially) other trace metals. 



 

 

- In the absence of proper clinical evaluation of this therapy approach, D-

penicillamine should not be administered in conjunction with zinc. 

trientine (chelator): When D-penicillamine is not tolerated, trientine, also known 

as triethylenetetramine dihydrochloride (2,2,2-tetramine) or trien, is used as a 

second-line therapy. Because of its efficacy and superior tolerance than D-

penicillamine, it is becoming more widely accepted as a first-line treatment; 

nonetheless, it is not yet widely accessible in all countries. [41] 

- All trientine patients should have their complete blood count and urine 

checked on a regular basis. 

- Gastritis with nausea is a rare adverse effect, as is iron deficiency anaemia in 

situations of overtreatment. 

- Trientine should not be used in conjunction with zinc until a thorough 

evaluation of the combination has been completed. According to recent 

findings, a combination of trientine and zinc, given at different times during 

the day such that each treatment is given 5-6 hours apart, may be beneficial in 

severely decompensated hepatic Wilson disease. 

Ammonium TTM:is a chelating medication having anti-angiogenic characteristics 

that was first used in veterinary therapy to treat copper intoxication. When taken 

after meals, ammonium TTM binds to the copper in the food, preventing it from 

being absorbed. It is absorbed into the bloodstream and creates a complex with 

circulating copper, limiting cellular absorption and resulting in urine excretion if 

taken on an empty stomach. The recommended dosage is 20 mg three times a 

day with meals and 20 mg three times a day between meals. The documented 

negative effects of ammonium TTM include paradoxical worsening, bone marrow 

suppression, and hepatotoxicity due to its severe chelating properties.However, 

as compared to trientine, the possibility for neurological degeneration and 

adverse effects is said to be lower. Ammonium TTM is currently unavailable in 

India and many other countries. By week 24 of therapy, 57 percent of patients 

had improved liver function tests and 72 percent had improved free copper levels, 

according to ongoing phase-2 multicenter studies using a more stable version of a 

copper chelator (bischoline TTM [WTX101]).  More information on the usage of 

this medication in the treatment of diverse phenotypes of WD is required. [42] 



 

 

Hepatic WD treatment via liver transplantation: Durand et al. reported in 2001 

that for the great majority of patients (90 percent) presenting with fulminant WD 

without hepatic encephalopathy (HE) upon admission, early use of DP might 

prevent LT. Nazer's score (serum bilirubin, international normalised ratio (INR), 

and serum albumin) was renamed New Wilson's Index in 2006 when two more 

parameters (AST and white blood cell count) were added to the score (NWI). 

Nonsurvivable without liver transplantation was linked to a NWI score of less 

than11.NWI and Pediatric End-Stage Liver Disease/Model for End-Stage Liver 

Disease were shown to have modest accuracy in predicting outcomes in WD in a 

research from South India. The authors used regression analysis to create a model 

that used hepatic encephalopathy and bilirubin to predict the prognosis in a 

fulminant WD presentation. Fischer et colleagues found three of the six patients 

with NWI scores that predicted mortality, and two of these three patients lived 

without a transplant. They warned that the results might not be reliable and that 

this subgroup needed more research. [42-45] 

Conclusion: 

There’s no doubt that Wilson disease is one of the most concerning clinical 

challenges that may face the health care system, the challenge of the disease 

involves around the asymptomatic nature of it, so most patients being diagnosed 

into later stages of the disease when already great damage has been occurred, 

and thus the key to effective treatment is early diagnosis. Family screening of 

Wilson disease’s patient is a must specially to first- and second-degree relatives, 

because there a high chance of existence of another genetic carriers in the family 

due to he genetic etiological nature of the disease. With that being said we hope 

in the future of existence of more effective evaluation and treatment options. 

 

 

 

 

 

 



 

 

References: 

1. Chaudhry HS, Anilkumar AC. Wilson Disease. [Updated 2021 Aug 11]. In: 

StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. 

Available from: https://www.ncbi.nlm.nih.gov/books/NBK441990/  

2. Hermann W. Classification and differential diagnosis of Wilson's disease. 

Ann Transl Med. 2019 Apr;7(Suppl 2):S63. doi: 10.21037/atm.2019.02.07. 

PMID: 31179300; PMCID: PMC6531651.  

3. Liu J, Luan J, Zhou X, Cui Y, Han J. Epidemiology, diagnosis, and treatment of 

Wilson's disease. Intractable Rare Dis Res. 2017 Nov;6(4):249-255. doi: 

10.5582/irdr.2017.01057. PMID: 29259852; PMCID: PMC5735277.  

4. Bandmann O, Weiss KH, Kaler SG. Wilson's disease and other neurological 

copper disorders. Lancet Neurol. 2015; 14:103-113.   

5. Cheng YL. Hepatolenticular degeneration (pseudosclerosis, progressive 

lenticular degeneration and torsion spasm) review of literature and report 

of two cases. Chin Med J. 1932; 46:347-364.  

6. Li WJ, Wang JF, Wang XP. Wilson's disease: Update on integrated Chinese 

and Western medicine. Chin J Integr Med. 2013; 19:233-240. 

7. Xie JJ, Wu ZY. Wilson's Disease in China. Neurosci Bull. 2017; 33:323-330.  

8. Hedera P. Update on the clinical management of Wilson's disease. Appl Clin 

Genet. 2017; 10:9-19.  

9. Dong Y, Ni W, Chen WJ, Wan B, Zhao GX, Shi ZQ, Zhang Y, Wang N, Yu L, Xu 

JF, Wu ZY. Spectrum and classification of ATP7B variants in a large cohort of 

Chinese patients with Wilson's disease guides genetic diagnosis. 

Theranostics. 2016; 6:638-649.  

10. Członkowska A, Litwin T, Dusek P, Ferenci P, Lutsenko S, Medici V, 

Rybakowski JK, Weiss KH, Schilsky ML. Wilson disease. Nat Rev Dis Primers. 

2018 Sep 6;4(1):21. doi: 10.1038/s41572-018-0018-3. PMID: 30190489; 

PMCID: PMC6416051.  

11. Poujois A, Woimant F. Challenges in the diagnosis of Wilson disease. Ann 

Transl Med. 2019 Apr;7(Suppl 2):S67. doi: 10.21037/atm.2019.02.10. PMID: 

31179304; PMCID: PMC6531657.  

12. Roberts EA, Schilsky ML. American Association for Study of Liver Diseases 

(AASLD). Diagnosis and treatment of Wilson disease: An update. 

Hepatology. 2008; 47:2089-2111.  

https://www.ncbi.nlm.nih.gov/books/NBK441990/


 

 

13. Zhang YD, Yang RM. Therapeutic assessment of dimercaptosuccinic acid 

capsule in the treatment of hepatolenticular degeneration. New Drugs Clin 

Rem. 1990; 9:73-76.  

14. Brewer GJ, Dick RD, Johnson VD, Brunberg JA, Kluin KJ, Fink JK. Treatment 

of Wilson's disease with zinc: XV longterm follow-up studies. J Lab Clin Med. 

1998; 132:264-278.  

15. Patil M, Sheth KA, Krishnamurthy AC, Devarbhavi H. A review and current 

perspective on Wilson disease. J Clin Exp Hepatol. 2013 Dec;3(4):321-36. 

doi: 10.1016/j.jceh.2013.06.002. Epub 2013 Jul 6. PMID: 25755520; PMCID: 

PMC3940372.  

16. Rodriguez-Castro KI, Hevia-Urrutia FJ, Sturniolo GC. Wilson's disease: A 

review of what we have learned. World J Hepatol. 2015 Dec 18;7(29):2859-

70. doi: 10.4254/wjh.v7.i29.2859. PMID: 26692151; PMCID: PMC4678372.  

17. Ala A, Walker AP, Ashkan K, Dooley JS, Schilsky ML. Wilson’s disease. 

Lancet. 2007;369:397–408.  

18. Scheinberg IH, Sternlieb I. Wilson’s disease. In: Smith JL, editor. Major 

problems in internal medicine. Philadelphia: WB Saunders; 1984. pp. 25–35.  

19. Scheinberg I, Sternlieb I. Wilson Disease. In: Lloyd H, Smith J, editors. Major 

Problems in Internal Medicine. Saunders: Philadelphia; 1984. p. 23.   

20. Available from: http://www.wilsondisease.med.ualberta.ca/database.  

21. Sternlieb I, Scheinberg IH. Prevention of Wilson's disease in asymptomatic 

patients. N Engl J Med. 1968; 278:352-359.  

22. Bachmann H, Lössner J, Gruss B, Ruchholtz U. The epidemiology of Wilson's 

disease in the German Democratic Republic and current problems from the 

viewpoint of population genetics. Psychiatr Neurol Med Psychol (Leipz). 

1979; 31:393-400.  

23. Saito T. An assessment of efficiency in potential screening for Wilson's 

disease. J Epidemiol Community Health. 1981; 35:274-280.  

24. Park RH, McCabe P, Fell GS, Russell RI. Wilson's disease in Scotland. Gut. 

1991; 32:1541-1545.  

25. Reilly M, Daly L, Hutchinson M. An epidemiological study of Wilson's 

disease in the Republic of Ireland. J Neurol Neurosurg Psychiatry. 1993; 

56:298-300.  

26. Lo C, Bandmann O. Epidemiology and introduction to the clinical 

presentation of Wilson disease. Handb Clin Neurol. 2017; 142:7-17.  

http://www.wilsondisease.med.ualberta.ca/database


 

 

27. Caca K, Ferenci P, Kühn HJ, Polli C, Willgerodt H, Kunath B, Hermann W, 

Mössner J, Berr F. High prevalence of the H1069Q mutation in East German 

patients with Wilson disease: rapid detection of mutations by limited 

sequencing and phenotype-genotype analysis. J Hepatol. 2001;35:575–581.   

28. Kim EK, Yoo OJ, Song KY, Yoo HW, Choi SY, Cho SW, Hahn SH. Identification 

of three novel mutations and a high frequency of the Arg778Leu mutation 

in Korean patients with Wilson disease. Hum Mutat. 1998;11:275–278.  

29. Nanji MS, Nguyen VT, Kawasoe JH, Inui K, Endo F, Nakajima T, Anezaki T, 

Cox DW. Haplotype and mutation analysis in Japanese patients with Wilson 

disease. Am J Hum Genet. 1997;60:1423–1429.  

30. Wu ZY, Wang N, Lin MT, Fang L, Murong SX, Yu L. Mutation analysis and the 

correlation between genotype and phenotype of Arg778Leu mutation in 

chinese patients with Wilson disease. Arch Neurol. 2001;58:971–976.  

31. Thomas GR, Jensson O, Gudmundsson G, Thorsteinsson L, Cox DW. Wilson 

disease in Iceland: a clinical and genetic study. Am J Hum Genet. 

1995;56:1140–1146.  

32. Margarit E, Bach V, Gómez D, Bruguera M, Jara P, Queralt R, Ballesta F. 

Mutation analysis of Wilson disease in the Spanish population -- 

identification of a prevalent substitution and eight novel mutations in the 

ATP7B gene. Clin Genet. 2005;68:61–68.  

33. Beinhardt S, Leiss W, Stättermayer AF, Graziadei I, Zoller H, Stauber R, 

Maieron A, Datz C, Steindl-Munda P, Hofer H, et al. Long-term outcomes of 

patients with Wilson disease in a large Austrian cohort. Clin Gastroenterol 

Hepatol. 2014;12:683–689.  

34. Shah AB, Chernov I, Zhang HT, Ross BM, Das K, Lutsenko S, Parano E, 

Pavone L, Evgrafov O, Ivanova-Smolenskaya IA, et al. Identification and 

analysis of mutations in the Wilson disease gene (ATP7B): population 

frequencies, genotype-phenotype correlation, and functional analyses. Am 

J Hum Genet. 1997;61:317–328.  

35. Hevia FJ, Miranda M. The Special Problem of Wilson’s Disease in Costa Rica 

- An Unexpected High Prevalence. Gastroenterol Int. 1989;1:228.  

36. Barada K, El-Atrache M, El-Hajj II, Rida K, El-Hajjar J, Mahfoud Z, Usta J. 

Homozygous mutations in the conserved ATP hinge region of the Wilson 

disease gene: association with liver disease. J Clin Gastroenterol. 

2010;44:432–439.  



 

 

37. Loudianos G, Dessi V, Lovicu M, Angius A, Figus A, Lilliu F, De Virgiliis S, 

Nurchi AM, Deplano A, Moi P, et al. Molecular characterization of wilson 

disease in the Sardinian population--evidence of a founder effect. Hum 

Mutat. 1999;14:294–303.  

38. Giagheddu A, Demelia L, Puggioni G, Nurchi AM, Contu L, Pirari G, Deplano 

A, Rachele MG. Epidemiologic study of hepatolenticular degeneration 

(Wilson’s disease) in Sardinia (1902-1983) Acta Neurol Scand. 1985;72:43–

55.  

39. Gialluisi A, Incollu S, Pippucci T, Lepori MB, Zappu A, Loudianos G, Romeo G. 

The homozygosity index (HI) approach reveals high allele frequency for 

Wilson disease in the Sardinian population. Eur J Hum Genet. 

2013;21:1308–1311.  

40. Zappu A, Magli O, Lepori MB, Dessì V, Diana S, Incollu S, Kanavakis E, 

Nicolaidou P, Manolaki N, Fretzayas A, et al. High incidence and allelic 

homogeneity of Wilson disease in 2 isolated populations: a prerequisite for 

efficient disease prevention programs. J Pediatr Gastroenterol Nutr. 

2008;47:334–338.  

41. Weiss KH. Wilson Disease. 1999 Oct 22 [Updated 2016 Jul 29]. In: Adam 

MP, Ardinger HH, Pagon RA, et al., editors. GeneReviews® [Internet]. 

Seattle (WA): University of Washington, Seattle; 1993-2021. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK1512/  

42. Nagral A, Sarma MS, Matthai J, Kukkle PL, Devarbhavi H, Sinha S, Alam S, 

Bavdekar A, Dhiman RK, Eapen CE, Goyal V, Mohan N, Kandadai RM, 

Sathiyasekaran M, Poddar U, Sibal A, Sankaranarayanan S, Srivastava A, 

Thapa BR, Wadia PM, Yachha SK, Dhawan A. Wilson's Disease: Clinical 

Practice Guidelines of the Indian National Association for Study of the Liver, 

the Indian Society of Pediatric Gastroenterology, Hepatology and Nutrition, 

and the Movement Disorders Society of India. J Clin Exp Hepatol. 2019 Jan-

Feb;9(1):74-98. doi: 10.1016/j.jceh.2018.08.009. Epub 2018 Sep 3. Erratum 

in: J Clin Exp Hepatol. 2020 Jan-Feb;10(1):99. PMID: 30765941; PMCID: 

PMC6363961.  

43. Nazer H., Ede R.J., Mowat A.P. Wilson's disease: clinical presentation and 

use of prognostic index. Gut. 1986;27:1377.   

44. Devarbhavi H., Singh R., Adarsh C.K. Factors that predict mortality in 

children with Wilson disease associated acute liver failure and comparison 

https://www.ncbi.nlm.nih.gov/books/NBK1512/


 

 

of Wilson disease specific p rognostic indices. J Gastroenterol Hepatol. 

2014;29:380–386.  

45. Fischer R.T., Soltys K.A., Squires R.H. Prognostic scoring indices in Wilson 

disease: a case series and cautionary tale. J Pediatr Gastroenterol Nutr. 

2011;52:466–469  

 

 

 

 

 


