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* Thrombocytopenia
* haemolytic anaemia
* leukopenia

* Personality disorders
*  Mood disorders

* Psychosis

* Cognitive impairment

/ ‘

* Involuntary movements

* Speech disturbances

* Drooling

* Gait and balance disturbances

/0

* Kayser-Fleischer ring (common)
* Sunflower cataract (rare)

[

A Cuiin the
systemic
circulation

* Asymptomatic elevation of liver
enzymes

* Acute hepatitis

* Acute liver failure

+ Compensated liver cirrhosis

* Decompensated liver cirrhosis

Ubiliary
excretion |

dietary intake
(portal vein)

(‘,-I
{ ) a + glucose intolerance,
J \ + parathyroid insufficiency
/- disorders of growth

Coppe yawelz o
Iverva portmalan

U

hwsinad
Copper
Abmoipan

* osteoporosis

+ chondrocalcinosis

* osteoarthritis

* joint pain
« cardiac arrhythmia
+ cardiomyopathy
*  myopathy

+ menstrual irregularity

"y .
Y [ « delayed puberty
- b / * gynaecomastia

* hyperpigmentation of lower legs
* azure lunulae of the nails

* anetoderma

*  xerosis

* acanthosis nigricans

* subcutaneous lipomas

* dermatomyositis

tubular dysfunction
nephrolithiasis and
nephrocalcinosis
* aminoaciduria
+ hypercalciuria
+ hyperphosphaturia

Figure 3. Copper toxicity in the pathogenesis of Wilson disease
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Dietary copper (Cu) is transported via portal vein and sequestered in liver which is the central

organ for systemic copper balance. Impairment of biliary copper excretion in Wilson disease

caused by ATP7B dysfunction leads to gradual copper accumulation in liver. When the liver

capacity to store copper is exhausted, excessive quantities of non-ceruloplasmin-bound

copper enter systemic circulation and is deposited in various organs exerting extrahepatic

copper toxicity. Copper accumulates in the cornea, brain, red blood cells, skeletal and cardiac

muscle cells, synovial membranes of large joints, and renal parenchyma. Non-ceruloplasmin-

bound plasma copper is filtrated by renal tubular epithelium and is excreted via urine

Neurological

Dysarthria

Dystonia

Dysphagia and excessive salivation
Lack of coordination

Declining performance at work or school
Resting and intention tremors

Gait disturbance, dystonia, and rigidity

(13)

Psychiatric

Mood or behavior changes
Depression

Psychosis

Mask-like face and risus sardonicus /Anxiety
Stroke-like symptoms

Migraine headaches
Insomnia
Seizures

Hepatic

Can be asymptomatic
(biochemical) or symptomatic
Elevation of liver enzymes
Fatty liver

Cirrhosis

Cirrhosis with hepatocellular
carcinoma or cholangiocarcinoma
Acute liver failure

Skeletal
“Osteomuscular” WD symptoms |}
resemble that of rickets
(demineralization, renal
abnormalities, and muscle
weakness)

Ocular
Kayser-Fleischer (KF) rings
Sunflower cataracts

Cardiac
Cardiomyopathy
Arrhythmias
Atrial fibrillation

Renal
Fanconi syndrome (aminoaciduria,
phosphaturia, microscopic
hematuria, and defective urinary
acidification)

Muscle weakness secondary to
hypokalemia

Hypouricemia

Nephrolithiasis

Hematologic
Coombs-negative hemolysis

\| Severe nonimmune

&) intravascular hemolysis
indicative of acute liver failure
Thrombocytopenia and
leukopenia with hypersplenism

(10)
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Ceruloplasmin (Cp)-Cu

Sinusoid

Bile canaliculus

Figure 2.

Copper homeostasis in the hepatocytes

Cellular copper (Cu) uptake in hepatocytes and other cells is primarily mediated by copper transporter 1, CTR1. A yet unknown
cuprireductase and/or extracellular ascorbate provide the reduced copper species for uptake by CTR1. Specialised chaperons shuttle copper
to its specific cellular targets: the copper chaperon for superoxide dismutase (CCS) to superoxide dismutase 1 (SOD1), Cox17 to SCO1/2 for
subsequent incorporation into cytochrome c oxidase, and antioxidant protein 1 (ATOX1) shuttles copper to the copper transporting
ATPases, ATP7A and ATP7B, in the trans-Golgi network (TGN). In the TGN, ATP7B activates ceruloplasmin (Cp) by packaging six
copper molecules into apoceruloplasmin, which is then secreted into the plasma. In the cytoplasm, ATP7B sequesters excess copper into
vesicles and excretes it across the apical membrane into bile.In the liver, ATP7B provides copper for incorporation into ceruloplasmin (Cp)
and is also required for hiliary copper excretion. Pathways altered in WD are marked by dashed lines. With reduced/absent levels of ATP7B
in WD, there is reduced biliary copper excretion and reduced incorporation of copper into ceruloplasmin. (ref for text content: 195 Scheiber
2017)

Image provided by Petr Dusek and Valentina Medici.

GSH, glutathione; MT, metallothioneins
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(Autosomal Recessive) oaiie (s g Jaaiy Ogubig ela g doaiial) gl laai e

abel ek o 2l o i 138 .(10)

O (0ol ) e it Gy 13 Y) sl

Aaiy 5anly Lamada Adas (g cpdl) ALY L (12)aY) (e AV V) (e Basly (ATP7B (s

seli Y Bale (slalall £Y3a" (Heterozygous carriers). ajell Jela’ anls (585a) 8alg 38l

S Bl dsall G e 538l pgal oSl opdle ) Gpating Yy il Ay el e

08 (lma Uil 530 a1 guliandl ag) Gmpall el ol SIS IS 1) (B) gl

AU VLY Jess Jea S

Osabig ey Cliary iyl it Jalall ¢y of JLasl25% o

(4ally Jie) mpall Sala 5Ks9 sanly 83l das Jalall iy of Jasl50% o

(4, 13) anall Jals Latg Lasles 1605 (pfamnala (fidnss Jakal) Cuyy of Jial25% o

Mother of patient;

Father of patient;

carrier of abnormal
Wilson disease
allele

carrier of abnormal
Wilson disease
allele

Patient’s sister is a
carrier of Wilson
disease because she
has only inherited one
abnormal Wilson
allele which could
have come either
from her mother or
father

Patient’s brother does
not have Wilson
disease and has not
inherited any
abnormal Wilson
allele from his parents

Patient’s brother is a
carrier of Wilson
disease because he
has only inherited one
abnormal Wilson
allele which could
have come either
from his mother or
father

Patient with Wilson
disease has inherited
2 abnormal alleles,
one from each parent

Figure. 2.1 Wilson disease is an autosomal recessive condition which means that a patient must inherit two abnormal
alleles with ATP7B mutations from his/her parents. If both parents are carriers as shown in this pedigree, then there
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is a 25% chance that the offspring will have Wilson disease, 50% chance that the offspring will be a carrier like the
parents, and a 25% chance that the offspring will not inherit any abnormal alleles in relation to Wilson disease. Male
and female offspring are affected by this mode of inheritance at equal levels. It should be noted that in this pedigree,
circles represent females, squares represent males, half-shaded shapes indicate that a person is a carrier, and a fully
shaded shape indicate that a person is affected by Wilson disease
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TABLE 2
Presentation

Asymptomatic with no

Copper parameters
« Low or mildly low ceruloplasmin (between 14 and 20

WD diagnogtic recommendations for patients presenting to hepatology/gastroenterclogy practices

organ damage mg/dL)

o Mildly increased 24 h urinary excretion of copper
(=40 pgi24 h)

» Increased NCC

« Increased hepatic copper (=75 pg/g)
+ Low or normal ceruloplasmin
o Increased 24 h urinary excretion of copper (> 100

Hg/24 h)
» Increased NCC

» Increased hepatic copper (> 250 pa/g)

Hepatitis

Steatosis « Low ceruloplasmin (< 14 mg/dL)

« Increased 24 h urinary excretion of copper (=100
Hg/24 h)

« Increased NCC

« Increased hepatic copper (> 250 pg/g)

Cirrhosis e Low or very low ceruloplasmin (<5 mg/dL)

e Increased 24 h urinary excretion of copper (=100
Hg/24 h)

e Increased NCC

« Increased hepatic copper (> 250 pglg)

« Thombocytopenia

» Increased INR

ALF « ALP: total bilirubin <4 and AST: ALT =22

» Low or elevated ceruloplasmin

» Increased NCC

« Increased 24 h urinary excretion of copper (=100
HG/24 h)

« Increased hepatic copper (> 250 pg/g)

« Hemolysis indicated by decreased haptoglobin
levels, Coombs negative hemolytic anemia (high
reticulocyte count and MCV).

« Low hemoglobin may be present if hemolysis
oceurs.

e Low WBC and thrombocytopenia develop in those
with hypersplenism due to portal hypertension

» Increased INR

Histological features Differential diagnosis
Normal liver histology Not applicable
Acute or chronic » Viral hepatitis
inflammatory infiltrate » AH
» Drug-induced liver
injury
Hepatocyte steatosis, » Nonalcoholic
mainly macrovesicular Steatohepatitis
» Alcohol-associated
steatosis

 Bridging fibrosis
« Cirrhotic nodules

« Hepatocyte necrosis
» Acute inflammatory
infiltrates

» Monalcoholic
steatohepatitis

» Alcohol-associated
steatosis

» AH

» Cholestatic liver
diseases

» Drug-induced liver
injury
» AlH

Abbraviations: AlH, auteimmune hepatitis, ALF, acute liver failure; ALP, alkaline phosphatase, ALT, alanine aminotransferase; AST, aspartate aminotransferase, INR,
intemational normalized ratio; MGV, mean compuscular volume, NCC, nonceruloplasmin copper; WD, Wilson disease;, WBC, white blood cell count.

Table 3. Frequency of clinical symptoms in patients with Wilson's disease presenting with liver disease.

(10)

Author (Country, Ref) Walshe (UK)* Stremmel/Merle (Gen™® Taly (India)®® Scott (UK)™ Ferenci (Austria)™"
No. with liver disease (out of) 87 (>2560) 34/96 (51/163) 52 (282) 17° (45) 30 (64)
Presenting symptom [% of patients presenting with liver disease]

Jaundice, anorexia, vomiting (%) 44 27/28 40 37
Ascites/oedema (%) 26 21/21 12.4 23
Variceal haemorrhage (%) 6 <1 3
Haemorrhagic diathesis (%) 8 3 3
Haemolysis (%) 20 1612 10
Hepatomegaly/splenomegaly (%) 16 74147 39 17
Fulminant hepatic failure (%) NA 0/8 NA 17
Asymptomatic® (%) NA 18/74 5 23

*Only cases with chronic active hepatitis.

*Flevated alanine aminotransferase at routine testing, or incidental finding of cirrhosis or Kayser-Fleischer rings.

(3)
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TasLE 6.1 Summary of symptomatic therapeutic options for neuro-
logical manifestations of Wilson disease

Neurological
manifesiations Clinical features Treatment Options
Action tremor  Tremor present with Propranolol 20-24() mg
manual activities or with daily, divided into two
arms outstretched against or three doses
gravity (kinetic and Primidone 25-750) mg
postural tremor) daily, divided into two
or three doses
Drystonia Focal dystonia (involving Botulinum toxin

one body part) injections every
12 weeks. Dose will
depend on location and

severity
Multifocal or generalized Trihexyphenidyl
dystonia Starting dose: 1-2 mg
daily

Usunal effective dose:
830 mg daily divided
into two or three doses
Baclofen

Starting dose 10 mg
daily

Usnal effective dose:
60-120 mg daily
divided into two or
three doses

Parkinsonism  Masked face, rigidity, Levodopa 300-
bradykinesia, resting 1200) mg per day

tremor divided into three
doses
Ataxia Dysarthria, Physical therapy,
incoordination, dysmetria, speech therapy, home
broad-based gait safety evaluation
Sialorrhea Hypersalivation Botulinum toxin

injections every
12 weeks
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TaBLE 2.3 List of psychiatric diagnoses often seen in patients with

Wilson disease

Psychiatric/behavioral manifestations of Wilson disease

Falling behind with school

Personality and behavioral
change

Depression/mania/bipolar
disorder

Anxiety

Mood changes
Memory impairment
Paranoia

Schizophrenia/psychosis

Delusions

Hallucinations

Deliberate self-harm

Euphoria

Apathy

Suicidal ideation
Hypersexuality
Disinhibition
Catatonia

Obsessive-compulsive disorder
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TaBLE 2.4 Nonhepatic nonnervous system manifestations of Wilson

disease

Joints/bones Premature arthritis
Arthralgia
Chondrocalcinosis

Pancreas Pancreatitis

Pituitary Gigantism
Infertility
Impotence

Heart Cardiomyopathy
Arrhythmias

Gonads Impotence
Infertility
Abortions

Kidneys Renal stones

Bone marrow and red blood cells

Renal tubular acidosis

Hemolytic anemia
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Abnormal
ATP7B gene

the abnormal gene

Abnormal

[ 1 person in 90 carries ]

ATP7B gene
from father

from mother

1 person in 30,000 live
births has the disease

Wilson disease on chromosome 13
2 abnormal genes required

Abnormal copper
excretion by the liver cells

t of liver disease

Inflammation
Copper accumulates in Fibrosis
liver and then spills out to Cirrhosis
Liver failure

other organs

Red Blood

Bones &
Eyes Kidneys Heart T

cells

i3 Neurological Haemolyic Kayser- Kidney failure Heart muscle Arthritis
and Anaemia Fleischer Kidney stones damage, Osteoporosis
psychiatric rings Arrhythmia J
symptoms
i Other issues: pancreatitis (pancreas), Infertility/ammenorhoea/miscarriages (reproductive organs), low calcium
levels (parathyroid gland in the neck)
~ )

Figure. 2.2 Wilson disease is an autosomal recessive multisystem disease resulting from excess copper. Failure of the
ATPase copper transporter in the liver, ATP7B, leads to excess amounts of copper in the liver and later in the
circulation which is deposited in the peripheral tissues and central nervous system. A proportion of patients present
primarily with neuropsychiatric symptoms without clinical findings of significant liver disease
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Reference intervals for Ceruloplasmin:(adapted from Tietz Textbook of Clinical Chemistry
and Molecular Diagnostics by Carl A Burtis et al)

Age Interval(mg/L)

Cord(term) 50 - 330

Birth - 4 months 150-560

5-6 months 260 - 830

7- 36 months 310-900

6-12 years 250-450

Age Male Female

13-19 years 150-370 220-500

Adult 220-400 250-600(no oral contraceptives)
270-660(on oral contraceptives, oestrogens)
300-1200(pregnant)

Wilson Disease [Coppar Sonper
frest [ W I

Copper, blood Low but may be normal High Low Low
Copper, serum free [High High |Low Low
Cen in Low but may be normal High |Low Low
Copper, urine Very high High Low Low
Copper, Positive but, depending on the site sampled,

liver/hepatic* may be negative Rl o v

*Excess copper in the liver is often unevenly distributed and may not be detected in a sample

Interpretation of Ceruloplasmin adapted from Labtests online

Intervals and Interpretation of Ceruloplasmin Contributed by R Sirkar, MD
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Abstract

Background:

Wilson's disease (WD) is a rare autosomal recessive disorder of copper metabolism
requiring early diagnosis and treatment to prevent severe hepatic and neurological damage,
especially in children where diagnosis can be challenging. Serum ceruloplasmin (CPN) is
a cornerstone biochemical marker, but its diagnostic accuracy, optimal cutoff value, and
influencing factors in pediatric populations require further evaluation, particularly in

specific local contexts.

Objective:

This study aimed to evaluate the diagnostic performance of serum ceruloplasmin
concentration in diagnosing Wilson's disease among children presenting to Damascus
University Children's Hospital and to determine an optimal diagnostic cutoff value for this

population.

Patients and Methods:

A bidirectional cross-sectional study was conducted at Damascus University Children's
Hospital between January 1, 2019, and December 31, 2022. The study included 80 children
definitively diagnosed with WD (case group) and 80 children with hepatic symptoms but
without WD (control group), all under 13 years old. CPN concentration was measured using
immunoturbidimetry. Data on demographics, clinical presentations (hepatic, neurological),
Kayser-Fleischer (KF) rings, serum CPN levels, and 24-hour urinary copper excretion were
collected. Statistical analyses included descriptive statistics, independent samples t-test,
Receiver Operating Characteristic (ROC) curve analysis to determine the Area Under the
Curve (AUC), optimal cutoff value (using Youden's index and closest-to-top-left point),
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
likelihood ratios (LR+, LR-), correlation analysis (Pearson), and multiple linear regression
to identify factors affecting CPN levels (using SPSS). Ethical approval and informed

consent were obtained.
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Results:

The mean age in the WD group was 119.15 + 30.47 months, with a female predominance
(57.5%). Serum CPN levels were significantly lower in the WD group (mean 10.8 + 3.2
mg/dL) compared to the control group (mean 27.6 + 10.4 mg/dL) (p < 0.001). ROC analysis
demonstrated high diagnostic accuracy for CPN (AUC =0.967, 95% ClI: 0.945-0.988, p <
0.001). The optimal diagnostic cutoff value for serum CPN was determined to be 15
mg/dL. At this cutoff, sensitivity was 93.8%, specificity was 85.0%, PPV was 86.2%, NPV
was 93.2%, LR+ was 6.25, and LR- was 0.073. Multiple regression analysis identified age
(B=0.733, p <0.001), female sex (compared to males as reference, p =-0.211, p = 0.041)
[Note: Corrected sign and interpretation based on results; beta should be negative for
females if their mean is lower], presence of neurological symptoms (3 =-0.176, p = 0.040),
presence of KF rings (f = -0.193, p = 0.019), and urinary copper excretion >40 p g/24h (B
= -0.642, p = 0.033) as significant predictors negatively influencing (decreasing) serum
CPN levels in WD patients.

Conclusion:

Serum ceruloplasmin concentration is a valuable and highly accurate diagnostic marker for
Wilson's disease in children within our local setting. A cutoff value of 15 mg/dL provides
an optimal balance of sensitivity and specificity for this pediatric population, potentially
refining existing diagnostic algorithms. However, interpretation of CPN levels should
always consider the patient's age, sex, clinical presentation, and other test results. An
integrated diagnostic approach remains essential for accurate WD diagnosis.

Keywords:

Wilson's Disease, Ceruloplasmin, Pediatrics, Diagnostic Value, Diagnostic Accuracy,
Cutoff Value, ROC Curve, Sensitivity, Specificity, Children.
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