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Purpose: Measurement of serum ceruloplasmin level is the first step in screening for Wilson's disease (WD). Despite
the rarity of WD in the general population, ceruloplasmin levels are routinely measured through hepatitis screening
in both adults and children. Herein, we evaluated the diagnostic value of ceruloplasmin for the diagnosis of WD among
children with hepatitis.

Methods: We retrospectively reviewed data on serum ceruloplasmin levels measured as a serologic marker for pa-
tients with hepatitis at Asan Medical Center (Seoul, Korea) between from January 2004 to November 2013. The
diagnosis of WD was confirmed by the identification of pathogenic variants in the ATP7B gene. To determine the
diagnostic accuracy of ceruloplasmin, receiver operation characteristic (ROC) curves were constructed and the area
under curve (AUC) were calculated.

Results: Measurements of serum ceruloplasmin were performed in 2,834 children who had hepatitis. Among these,
181 (6.4%) children were diagnosed with WD. The sensitivity, specificity, and accuracy of a ceruloplasmin level of
<20 mg/dL in the discrimination of WD were 93.4%, 84.2%, and 84.8%, respectively. In this study, 418 (14.7%)
false-positive cases and 12 (0.4%) false-negative cases were noted. Using a ROC curve, a ceruloplasmin level of
<16.6 mg/dL showed the highest AUC value (0.956) with a sensitivity of 91.2%, a specificity of 94.9%, and an accu-
racy of 94.7%.

Conclusion: The measurement of serum ceruloplasmin was frequently used for the screening of WD in children,
despite a low positive rate. The diagnostic value of ceruloplasmin may be strengthened by adopting a new lower
cut-off level.
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INTRODUCTION

Wilson’s disease (WD; MIM #277900) is a genetic
disorder with copper metabolism disturbances lead-
ing to copper accumulation in many organs inducing
secondary damage [1]. WD is caused by mutations in
the ATP7B gene on chromosome 13, which encodes
ATPase 7B involved in copper transport. In WD, cop-
per excretory mechanisms fail to develop and copper
accumulation begins at birth and continues through-
out life, gradually producing clinical symptoms such
as neurologic and hepatic complications [2]. WD has
been found worldwide, with an estimated preva-
lence of one case per 30,000 live births in most pop-
ulations [3]. The prevalences of WD are various,
showing higher prevalences in Sardinia, China,
Japan, and other Asian populations [4-6]. The preva-
lence of pediatric WD was recently reported to be one
in 37,000 children in Korea [7]. Most patients pres-
ent with WD between the first and fourth decade of
life, although age at presentation can vary from 2 to
70 years of age [8-10].

Despite its low incidence, early diagnosis and
treatment are important to prevent permanent dam-
age to the liver and to avoid disease progression in
the brain. In addition, WD can progress to severe he-
molytic anemia or fulminant hepatic failure, which
can lead to death if diagnosis is delayed. For the ini-
tial screening of WD, measurement of serum cer-
uloplasmin levels is the first-line diagnostic test due
to its rapidity and low cost. Conventionally, the ref-
erence range of serum ceruloplasmin concentration
is between 20 and 40 mg/dL in healthy adults [11].
Serum ceruloplasmin concentration is age-depend-
ent; lower levels are seen in normal neonates and in-
creases by about 6 months of age, with the max-
imum concentration seen between 2 and 3 years of
age, at which point the levels decrease gradually un-
til the teenage period. In addition, various health
conditions such as hepatitis can alter serum cer-
uloplasmin levels.

The main role of serum ceruloplasmin is a screen-
ing test, of which the nature is to maintain high sen-
sitivity in identifying WD. However, it could be con-
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fusing in non-WD children with hepatitis and low
ceruloplasmin, unless the urine copper and oph-
thalmologic examination show abnormal findings.
Contrarily, in fulminant WD, normal level of serum
ceruloplasmin may delay appropriate diagnostic
approach. Hence, in this retrospective pediatric study,
we evaluated the diagnostic value of ceruloplasmin
levels for the diagnosis of WD among children with
hepatitis.

MATERIALS AND METHODS

Subject

We conducted a retrospective review of patient re-
cords of serum ceruloplasmin tests performed at
Asan Medical Center (Seoul, Korea) between
January 2004 and November 2013. We selected pa-
tients under 20 years of age who had a diagnosis of
hepatitis defined as elevated serum levels of aspartate
aminotransferase (AST) and alanine aminotrans-
ferase (ALT) at the time of ceruloplasmin measure-
ment. Medical information extracted from digital re-
cords included age, gender, weight, height, and
diagnosis. The study was approved by the institu-
tional review board of Asan Medical Center (IRB No.
2015-0571).

Measurement of serum ceruloplasmin levels

Serum ceruloplasmin concentration was meas-
ured by the IMMAGE Immunochemistry System
(Beckman Coulter, Fullerton, CA, USA). The ana-
lyzers employed a nephelometric assay calibrated
against the same primary standard CRM470 (RPPHS
91/0619) for measurement of ceruloplasmin levels.

Analysis of the ATP7B gene

Genomic DNA was isolated from peripheral blood
using the Puregene DNA isolation kit (Gentra, Min-
neapolis, MN, USA). Twenty-one exons of the ATP7B
gene and their intronic flanking sequences were am-
plified by polymerase chain reaction (PCR) using 25
sets of primers. After verifying that a single specific
PCR product was amplified, DNA sequencing was
performed using the same primers used in PCR and



the Big Dye Terminatore V3.0 Cycle Sequencing
Ready reaction kit (Applied Biosystems, Foster City,
CA, USA) according to the manufacturer’s instructions.
Electrophoresis and analysis of the reaction mix-
tures were carried out using the ABI 3100 Genetic
analyzer (Applied Biosystems).

Statistics

The paired t-test was used to compare the means
of ceruloplasmin levels between WD and non-WD
groups and other continuous variables. Receiver op-
eration characteristic (ROC) curve and the area un-
der curve (AUC) were used to determine the optimal
cut-off value for predicting WD [12]. All statistical
calculations were performed using IBM SPSS Statistics
ver. 19.0 for Windows (IBM Co., Armonk, NY, USA)
and R package (ver. 3.0.2; R Foundation for Statistical
Computing, Vienna, Austria). A p-value <0.05 was
considered statistically significant.

RESULTS

Basic characteristics

Measurement of ceruloplasmin levels was per-
formed in 2,834 children who had serologically con-
firmed hepatitis. Among these, 181 (6.4%) children
were diagnosed as having WD. The mean age of the
WD group at the time of ceruloplasmin testing was
10.96*5.01 years. There were 106 male WD patients
and 75 female patients. The mean height and weight
of the WD group were 143.6+26.7 cm and 35+21.24
kg, respectively (Table 1). The mean age of the WD
and non-WD groups at the time of ceruloplasmin
testing was not significantly different (Table 2). In
addition, no differences were seen in the basic char-

Table 2. Diagnostic Value of Ceruloplasmin Testing
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acteristics between the two groups.

Diagnostic value of conventional cut-off
ceruloplasmin level

The mean serum ceruloplasmin level in the overall
2,834 children was 26.04+10.63 mg/dL. The WD group
had a lower mean ceruloplasmin level (6.01+7.52
mg/dL) than the non-WD group (27.40+9.36 mg/dL,
<0.001). The mean levels of serum ceruloplasmin
in children under 10 years of age and older children
=10 years of age were 7.44+9.45 mg/dL and 5.98+5.41
mg/dL, respectively. In non-WD group, the correspond-
ing findings are 28.5+12.88 mg/dL and 25.31+8.87
mg/dL, respectively. The WD group had a lower
mean ceruloplasmin level (6.01+7.52 mg/dL) than
the non-WD group (27.40+9.36 mg/dL, p<0.001).
Using the conventional ceruloplasmin cut-off level
of <20 mg/dL, WD was discriminated in the 181 pa-
tients with a sensitivity of 93.4%, a specificity of
84.2%, and an accuracy of 84.8%, resulting in a pos-
itive predictive rate of 27.7%.

Table 1. Basic Characteristics of the Population

Non-WD
. .. WD group
Basic characteristic (n=181) group p-value
(n=2,653)
Age (y) 9.48+623  10.2+7.89 0.06
Male 106 (58.6) 1,506 (53.1) 0.21
Height (cm) 143.6+26.7 151.2+28.8 0.34
Weight (kg) 35+21.24 37+15.3 0.08
Ceruloplasmin (mg/dL)  6.01%x7.52 27.40%x9.36  <0.001
Age (mg/dL)
<10 years 7.44+945 2850+12.88 <0.001
=10 years 5.98+541 2531+8.87 <0.001

Values are presented as mean=standard deviation or number (%).
WD: Wilson's disease.

Cut-off level of WD group Non-WD group . o I o o
el s (i) (n=181) (n=2,653) Sensitivity (%) Specificity (%) Accuracy (%)
<20 169 418 934 84.2 84.8
=20 12 2,235
<16.6 165 134 91.2 94.9 94.7
>16.6 16 2,519

WD: Wilson's disease.
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False positivity and false negativity of
ceruloplasmin testing

Using the conventional ceruloplasmin cut-off lev-
el of <20 mg/dL, 418 (14.7%) false-positive cases
(Table 3) and 12 (0.4%) false-negative cases were
noted in this study, resulting in a 15.8% false-pos-
itive rate. The false-positive cases were mostly non-WD
hepatitis, acute liver failure (ALF), Menke’s disease,
and WD carriers. Twelve patients showed initial cer-
uloplasmin levels of >20 mg/dL, but all were later di-
agnosed as having WD by analysis of the ATP7B gene.
These false-negative patients were asymptomatic
with the exception of two fulminant cases.

ROC analysis

ROC curve analysis indicated that the most useful
cut-off value for serum ceruloplasmin concentration
was 16.6 mg/dL, for which the AUC was 0.956 (Fig. 1).
A ceruloplasmin level of <16.6 mg/dL showed the
highest AUC value of 0.956 (95% confidence interval,
0.935 t0 0.978) with a sensitivity of 91.2%, a specific-
ity of 94.9%, and an accuracy of 94.7%, providing
both higher specificity and accuracy than the con-
ventional cut-off level of 20 mg/dL. There were dif-
ferences of optimal ceruloplasmin levels based on
the 10-year-old. A ceruloplasmin level of 10.35 mg/dL
has the maximal AUC in a younger group of <10
years, while 16.8 mg/dL has one in the older group of
=10 years.

Table 3. False-Positive Cases in the Diagnosis of Wilson's
Disease (WD) Using a Serum Ceruloplasmin Cut-Off of <20
mg/dL (n=418)

Diagnosis n (%)

Hepatitis, acute and chronic 353 (84.5)
Acute liver failure 15 (3.6)
Menke's disease 10 (2.4)
WD carrier 10 (2.4)
Essential tremor 8 (1.9)
Malignancy 7 (1.7)
Dystonia 6 (1.4)
Inflammatory bowel disease 4 (1.0)
Thyroid disease 3 (0.7)
Seizure 2 (0.5)
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DISCUSSION

A ceruloplasmin concentration <20 mg/dL is con-
ventionally considered as one of the major diagnostic
criteria for WD. Although the diagnosis of WD must
be based on both clinical symptoms and laboratory
findings, measurement of ceruloplasmin is a rapid
and cost-effective biomarker. However, pediatric da-
ta of serum ceruloplasmin is limited. To the best of
our knowledge, two studies reported pediatric data
of serum ceruloplasmin in children with WD [2,7].
Both studies were not exclusively based on pediatric
control groups. The present study provides the first
pediatric data of ceruloplasmin in children with WD
using a pediatric control group.

This retrospective pediatric study provided three
main findings. First, in this study, the measurement
of serum ceruloplasmin level was frequently used for
the diagnosis of WD in children with elevated liver
function values, despite its low positive predictive
value (28.7%). A recent adult study also reported the
overuse of ceruloplasmin measurements, for which
the positive predictive value was only 8.4% [13]. In
terms of health care resource burden, this low pre-
dictive value may suggest restriction of the test to
certain cases. Nonetheless, measurement of cerulo-
plasmin appears to be the fastest and most im-
portant test, especially in an urgent life-threatening
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Fig. 1. A cut-off value of serum ceruloplasmin of <16.6 mg/dL

showed maximal area under curve of 0.956 on the receiver
operation characteristic analysis.



situation such as fulminant hepatitis and hemolytic
anemia. WD is the most common metabolic con-
dition associated with pediatric ALF in children over
5 years of age [14]. Korman et al. [15] suggested that
the combination of an alkaline phosphatase to total
bilirubin ratio of less than 4 and an AST to ALT ratio
of more than 2.2 provide a rapid and accurate meth-
od for the diagnosis of WD presenting as ALF in
adults. However, these findings have not yet been
confirmed in a pediatric population.

Second, using the conventional cut-off cerulo-
plasmin level, a substantial portion (14.7%) of the
study population showed false-positivity (Table 2).
Non-WD Hepatitis was the most common etiology of
false positivity in the present study. This finding was
similarly shown in a previous adult study [16].
Therefore, additional effort to exclude WD and occa-
sional early mis-treatment could be performed in the
non-WD children with low ceruloplamins. In addi-
tion, even in children with WD, the level of cer-
uloplasmin is easily affected by chronic WD-stage
and WD treatment. Indeed, with the exception of a
genetic test, there is no single diagnostic modality to
diagnose WD [8-10]. For example, Kayser-Fleischer
rings are seen in most WD patients with neurologic
disease, whereas less than 50% of WD patients with
liver disease have such manifestations. Urinary cop-
per levels are normally elevated in symptomatic pa-
tients, while asymptomatic or early WD-stage pa-
tients do not show high urine copper excretion.
Herein, a scoring system has been developed to pre-
dict the development of hepatic WD [17]. However,
the accuracy of the score system remains under de-
bate for WD patients without symptoms [11].
Actually, application of WD scoring system requires
a full clinical work up for clinical parameters.

Third, a cut-off level of <16.6 mg/dL showed max-
imal discrimination in diagnosing WD in Korean
children. A ceruloplasmin level of <16.6 mg/dL gave
the highest AUC of ROC curve, indicating better di-
agnostic accuracy in this study. Aside from a conven-
tional cut-off level of 20 mg/dL, several cut-off levels
of ceruloplasmin have been suggested. A cut-off of
14 mg/dL showed higher diagnostic accuracy in
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adult groups [11]. However, it is controversial to
adopt a new cut-off value with higher accuracy, be-
cause the screening test should maintain a high sen-
sitivity in the statistic aspect. With regards to adapt-
ing a new cut-off value in the measurement of serum
ceruloplasmin, no study has been done to evaluate
cost and the clinical and economic benefits.

In conclusion, the measurement of serum cer-
uloplasmin levels was frequently used as a screening
test for children with hepatitis. Non-WD hepatitis
largely contributed false-positivity in the present
study. The study suggested the diagnostic value of
ceruloplasmin may be strengthened by adopting a
new cut-off level to avoid false positivity. However,
to adopt a lower cut-off value of serum ceruloplasmin
as the first-line screening test, a cost-benefit analysis
to overcome decreased sensitivity is needed.
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