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ABSTRACT

Purpose: Although the 24-hours urinary copper excretion is useful for the diagnosis of
Wilson disease (WD), there are practical difficulties in the accurate and timed collection of
urine samples. The purpose of this study was to verify if the spot morning urinary Copper/
Zinc (Cu/Zn) ratio could be used as a replacement parameter of 24-hours urinary copper
excretion in the diagnosis of WD.

Methods: A cross-sectional study was conducted at the Department of Pediatric
Gastroenterology and Nutrition, Bangabandhu Sheikh Mujib Medical University (BSMMU),
Dhaka, Bangladesh, from June 2019 to May 2021 on 67 children over three years of age who
presented with liver disease. Twenty-seven children who fulfilled the inclusion criteria for
WD were categorized into the test group, and the remaining forty children were considered
to have non-Wilsonian liver disease and were categorized into the control group. Along with
other laboratory investigations, spot morning urinary samples were estimated for the urinary
Cu/Zn ratio in all patients and were compared to the 24-hour urinary copper excretion. The
diagnostic value of the Cu/Zn ratio was then analyzed.

Results: Correlation of spot morning urinary Cu/Zn ratio with 24-hours urinary copper
excretion was found to be significant (r=0.60). The area under ROC curve with 95%
confidence interval of morning urinary Cu/Zn ratio measured using 24-hours urine sample
was 0.84 (standard error, 0.05; p<0.001).

Conclusion: Spot morning urinary Cu/Zn ratio seems to be a promising parameter for the
replacement of 24-hours urinary copper excretion in the diagnosis of WD.

Keywords: Wilson disease; Children; Cu/Zn ratio; Spot urinary zinc; Spot urinary copper;
Bangladesh

INTRODUCTION

Wilson disease (WD) is a rare autosomal recessive disease that affects approximately one
in every 30,000 live births, with a higher prevalence in countries where consanguineous
marriages are common [1]. In WD, a mutation in the ATP7B gene leads to reduced

53

ssaadyuljwix §=§ Aq pejeseuen


https://pghn.org
http://crossmark.crossref.org/dialog/?doi=10.5223/pghn.2024.27.1.53&domain=pdf&date_stamp=2024-01-09
https://orcid.org/0000-0003-3999-3428
https://orcid.org/0000-0002-0832-550X
https://orcid.org/0000-0003-2787-3103
https://orcid.org/0000-0001-6947-9572
https://orcid.org/0000-0003-0330-5080
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-3999-3428
https://orcid.org/0000-0003-3999-3428
https://orcid.org/0000-0002-0832-550X
https://orcid.org/0000-0002-0832-550X
https://orcid.org/0000-0003-2787-3103
https://orcid.org/0000-0003-2787-3103
https://orcid.org/0000-0001-6947-9572
https://orcid.org/0000-0001-6947-9572
https://orcid.org/0000-0003-0330-5080
https://orcid.org/0000-0003-0330-5080

Urinary Copper/Zinc Ratio for Diagnosis of Wilson Disease

Pediatric Gastroenterology, h n
Hepatology & Nutrition

Funding

This work was supported by Bangabandhu
Sheikh Mujib Medical University (BSMMU)
grant commission.

Conflict of Interest
The authors have no financial conflicts of
interest.

https://pghn.org

ceruloplasmin formation and the excessive accumulation of copper in various organs,
primarily affecting the liver, followed by the brain, cornea, and other organs. Copper
accumulation typically occurs over an extended period after birth, with symptoms
manifesting subsequently [2,3]. The prognosis for WD depends on early diagnosis and the
prompt initiation of treatment. Remarkable hepatic damage occurs after the first decade,

and neurological symptoms typically emerge after adolescence. Timely diagnosis, especially
before the age of 10, can prevent significant organ damage through appropriate therapy [4-6].
Early intervention allows patients to enjoy an uneventful life like a healthy individual.

The diagnosis of WD in children poses a challenge due to the absence of a singular diagnostic
test, aside from molecular genetic testing, which can definitively confirm or exclude WD. The
advancement of molecular diagnostic techniques has significantly changed the natural course
of WD, enabling precise diagnoses for both affected individuals and those with heterozygous
genes through mutation analysis.

However, molecular genetic testing is an expensive and time-consuming procedure that has
limited accessibility, particularly in resource-constrained countries. Additionally, there are
over 600 mutations and polymorphisms associated with the ATP7B gene in WD, adding to the
difficulty of the analysis. Alternatively, hepatic copper evaluation holds significant value as a
diagnostic method for WD. Nonetheless, its invasive nature of sampling, potential for false-
negative results, and inhomogeneous liver copper distribution preclude its effectiveness [7].

Although a combination of clinical features and laboratory parameters, such as Kayser-
Fleischer (KF) rings, low serum ceruloplasmin concentrations, and increased urinary copper
excretion, is commonly used to establish a diagnosis, none of these are pathognomonic

for WD. KF rings, for instance, may not always be present in WD and can also occur in

other chronic liver diseases (CLDs) [7,8]. Similarly, serum ceruloplasmin concentrations
may appear normal in WD, while low concentrations can be observed in conditions such

as protein-energy malnutrition, protein-losing enteropathy, or severely impaired hepatic
function [4,9].

Among the diagnostic tests available, the 24-hour urinary copper (Cu) level is the simplest
and most sensitive. This test reflects the amount of non-ceruloplasmin-bound Cu in
circulation [10,11]. However, it requires precisely timed urinary sample collection, posing a
practical challenge, especially in young children who may experience difficulties in providing
complete and accurately timed urine samples. This may result in an inaccurate estimation

of 24-hours urinary Cu excretion. Furthermore, the extended collection process introduces
the risk of unexpected contaminations, and preserving a 24-hours urine sample can be
challenging, particularly in hot weather.

Early diagnosis and treatment are the key determinants of prognosis; thus, it is important

to develop a rapid, reliable, noninvasive, and discriminative diagnostic tool for WD. Herein,
we investigated the copper/zinc (Cu/Zn) ratio as a potential alternative to the 24-hours
urinary Cu excretion tool. Zinc was selected for this study because, like copper, zinc is a trace
element, and both can be simultaneously detected using the same instrument [12,13].

In WD, there is an increase in copper accumulation in the liver, and urinary zinc excretion

is highly correlated with hepatic copper concentration. Notably, we did not include iron
despite being a trace element, as its urinary excretion does not correlate with hepatic copper
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concentration [14]. Moreover, the Cu/Zn ratio has a positive association with hepatic copper
concentration [14]. A previous study identified the urinary Cu/Zn ratio as a viable alternative
to 24-hours urinary Cu excretion after penicillamine challenge in diagnosing WD [15]. Give
the challenges associated with 24-hours urine collection in the pediatric population, our
research used spot samples for both copper and zinc. The rationale for selecting copper

and zinc is due to their properties of low diurnal variation for copper and intermediate
variation for zinc [16]. Moreover, this approach is rapid, cost-effective, noninvasive, and
straightforward, making it particularly suitable for countries with limited research resources.

MATERIALS AND METHODS

This cross-sectional study was conducted between June 2019 and May 2021 at the Paediatric
Gastroenterology and Nutrition Department of Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka, Bangladesh, a tertiary-care hospital. The study protocol received approval
from the local Ethics Committee at BSMMU (approval no. 12235). Informed written consent
was obtained from each patient or their parents prior to participating in this study, and a
guarantee of data privacy was provided. Additionally, parents and, where appropriate, the
participants, were pre-trained for the accurate collection of urinary samples. Exclusion criteria
encompassed individuals with abnormal renal functions, those who had undergone zinc
therapy for any reason within 1 month of hospitalization, and those who did not adhere to the
24-hours urine collection instructions. No special dietary requirements were needed for the
study purposes. None of the participants were using copper containers in their daily lives.

A total of 67 patients (ages 3-18 years) were enrolled in the study. Among them, 27 were
diagnosed with WD and 40 with non-Wilsonian liver disease (non-WD), all of whom were
hospitalized for liver-related conditions between June 2019 and May 2021. The diagnosis of
WD was established with a score >4 according to the modified Leipzig score in children above
3 years of age [17]. The scoring system considered the following criteria:

1. Positive family history

2. Low serum ceruloplasmin (<20 mg/dL)

3. Elevated baseline 24-hours urinary Cu excretion (>100 pg/24 hr)

4. Presence of KF rings

5. Coombs’ negative hemolytic anemia

6. Neurobehavioral symptoms

In addition to CLD, acute viral hepatitis was included as a control. Studies have indicated
that both acute and chronic viral hepatitis can lead to an increase in urine copper excretion
[18,19]. The justification for using acute viral hepatitis as a control lies in the observed rise in
urine copper excretion associated with this condition.

Urinary sample collection and determination

We examined the serum ceruloplasmin levels and spot urinary Cu. The spot urinary Cu

levels were then used to estimate the 24-hours urinary Cu levels. An eye examination was
performed to identify the presence of KF rings and sunflower cataracts in all the participants.
The diagnosis of WD was made according to the modified Leipzig scoring system.
Unfortunately, we were unable to conduct urinary creatinine testing due to the unavailability
of testing facilities at that time. Additionally, hepatic copper estimation and mutation
analysis were not performed in our patients.
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Urine samples were collected from all 67 patients (both WD and non-WD) in plastic bottles
over a 24-hours period starting from 8.00 am. The total volume of the 24-hours urine
collection was determined. For the estimation of both spot copper and zinc, two urinary
samples (5 mL each) were collected from the last void urine using metal-free dispensable
plastic tubes supplied by the atomic energy center. The 24-hours urinary Cu estimation was
calculated by multiplying the spot urinary Cu result by the total volume of 24-hours urine.
Due to various reasons, including unavailability and high-cost at the time of the study period,
an acid-washed 24-hours urine container was not used. Because of the low diurnal variation
of copper, we estimated the 24-hours urine Cu in this approach [16]. Additionally, some
researchers have not identified diurnal variation in urine copper excretion in their studies,
supporting the validity of estimating 24-hours urinary Cu excretion from spot morning urine
Cu levels for accurate diagnosis [20]. These considerations served as the justification for our
chosen approach in estimating 24-hours urinary Cu excretion.

A level of estimated copper excretion greater than 100 pg/24 hr was regarded as one of the
parameters in the comprehensive assessment for the diagnosis of WD.

Copper and zinc levels in urine samples were determined simultaneously through flame
atomic absorption spectrophotometry (FAAS). The 24-hours urinary Cu excretion was
expressed as pg/24 hr, with 40 pg/24 hr used as the normal upper limit. An excretion
exceeding 100 pg/24 hr was considered a diagnostic parameter for WD. The Cu/Zn ratio was
calculated by dividing the copper concentration (pg/mL) by the zinc concentration (pg/mL).
Notably, serum copper and zinc were not measured in the same session. Serum copper levels
were not assessed because they can vary widely from low, normal, or high in cases of WD [21].

Typically, children with moderate acute malnutrition often exhibit zinc deficiency [22]. In the
current study, among the patients with WD, 9 (33.1%) had no malnutrition, 17 (62.9%) had
mild malnutrition, and only one (3.7%) exhibited moderate malnutrition. This distribution
justifies our decision to omit the serum zinc level test. Moreover, our choice aligns with the
approach taken by other researchers in similar studies who did not include the assessment of
serum zinc levels in their investigations [15]. Serum ceruloplasmin was measured through an
automated analyzer, the Architect Plus ¢i8200.

Statistical analysis

Descriptive analysis was performed to examine the demographic and clinical characteristics
of the study participants. For comparison of continuous variables between two groups, the
t-test was used, while chi-square test was used for categorical variables. Correlation analysis
was performed using the Pearson test. The ANOVA test was employed to compare means
across multiple groups where one variable is independent. The diagnostic accuracy of the
24-hours urinary Cu level was assessed using receiver operating characteristic (ROC) curves.
Sensitivity and specificity were calculated for all cut-off levels, with 95% confidence intervals
(CD). All cut-off values were defined as the probability of a true positive (sensitivity) and a true
negative (specificity). Statistical analysis was performed using the IBM SPSS Statistics ver.
26.0 software (IBM Co.). All statistical tests were two-tailed, and statistical significance was
set at a p-value<0.05.
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RESULTS

The study encompassed 67 children, aged 3-18 years, of whom 27 were confirmed to have WD
(score 24 according to modified Leipzig criteria) and 40 were classified as non-WD. The non-
WD group comprised of 21 cases of acute hepatitis and 19 cases of CLDs.

In the acute hepatitis subgroup, 16 patients tested positive for the hepatitis A virus, three
were positive for both the hepatitis A and E viruses, and the remaining two cases had non-A,
non-B hepatitis. CLDs within the non-WD group encompassed various conditions, including
cryptogenic CLD (n=13), autoimmune hepatitis (n=2), chronic hepatitis B virus (HBV)
infection (n=1), caroli disease (n=1), and glycogen storage disease (n=2).

The demographic features, laboratory findings, including serum ceruloplasmin levels, and
ophthalmological features are presented in Table 1. Of the 67 patients, 27 were diagnosed
with WD with a mean age of 9.24+3.19 years, while 40 were identified as non-WD patients
with a mean age 0f 9.2+3.12 years. There was no significant differences in demographic
characteristics between WD patients and those without WD, except for a more common
occurrence of positive family history in WD patients (p=0.007). Alanine aminotransferase
(ALT) was observed to be higher in non-WD patients compared to WD patients (p=0.046).
This difference could be attributed to the higher incidence of acute hepatitis cases in the
control group (non-WD group). In this study, ALT levels exceeding ten times the normal
value (>400 U/L) were considered high ALT. Serum ceruloplasmin levels were significantly
lower in the WD group compared to the non-WD group (p<0.001), and Coombs’ negative
hemolytic anemia was significantly more prevalent in the WD group (p<0.001). There were
also significant differences in the positivity of KF rings and in the presence of coagulopathy
(p<0.001). A prothrombin time of INR 2.2 was chosen as a significant indicator of severe
coagulopathy [23].

The WD group exhibited a significantly higher baseline 24-hours urinary Cu excretion, and
this difference was statistically significant p<0.001. In the sub-analysis, comparing WD, acute
viral hepatitis, and CLD, a significant difference in urinary copper levels between the groups
was observed (p=0.009). The post-hoc analysis revealed a significant difference between the
WD groups with acute hepatitis and those with CLD, but no significant difference was found
between acute hepatitis and CLD. In contrast, urinary zinc levels did not show any significant
difference between the groups.

Table 1. Clinico-pathological characteristics of the studied children (n=67)

Clinical and biochemical parameters ~ Wilson disease (n=27) Non-Wilsonian liver disease (n=40)  p-value

Age 9.24+3.19 9.20+3.12 0.874%
Parental consanguinity 06 (22.2) 05 (12.5) 0.292*
Positive family history 09 (33.3) 03 (7.5) 0.007%
Low serum ceruloplasmin 27 (100.0) 5(12.5) <0.001%
Coombs’ negative hemolytic anemia 13 (48.1) 1(2.5) <0.001*
Kayser-Fleischer ring 14 (51.8) 0 (0.0) <0.001*
Alanine aminotransferase (>400 U/L) 2 (7.4) 12 (30.0) 0.046*
Low albumin (<30 mg/dL) 19 (70.3) 13 (32.5) 0.003*
Severe coagulopathy (>2.2) 11 (40.7) 4 (10.0) 0.001*

Values are presented as mean+standard deviation or number (%).
*Low serum ceruloplasmin level (<20 mg/dL).

TStudents t-test.

*Chi-square test.
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Table 2. Biochemical parameters of the studied participants (n=67)

. . . . Non-wilsonian liver Non-wilsonian liver disease (n=40)
Biochemical parameters Wilson disease (n=27) . = — : p-value
disease (n=40)  Acute hepatitis (n=21) Chronic liver disease (n=19)
Urinary Cu/zn ratio 9.14+94.62 0.97+0.44 - - <0.001*
Estimated baseline 24-hr urinary Cu excretion 1,623.88+3,101.89 50.57+20.84 - - <0.001*
Urinary Cu excretion after PCT/24 hr 4,691+8,396 (1,600-12,000) 747+599 (68-1,700) - - <0.001*
Estimated 24-hr urinary Cu excretion 1,623.88+3,101.89 = 47.61£21.52 53.00+20.45 <0.009"
Spot urinary zinc excretion 1.33+2.10 - 0.87£1.12 0.60+0.60 <0.237%

Values are presented as mean=standard deviation (range).
Cu: copper, Zn: zinc, PCT: penicillamine challenge test, -: not available.

*Student’s t-test.
TANOVA test.
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Fig. 1. (A) Correlation of spot urinary Cu/Zn ratio and 24-hours urinary Cu excretion for WD cases (n=27). (B)
Correlation of spot urinary Cu/Zn ratio and 24-hours urinary Cu excretion for the control group (non-WD cases,
n=40).

WD: Wilson disease, Cu: copper, Zn: zinc.

The spot urinary Cu/Zn ratio demonstrated a significant difference between the WD group
and the non-WD group. The mean urinary zinc level for WD was 1.33 pg/mL, while the mean
urinary zinc level for non-WD was 0.72 pg/mL. The mean Cu/Zn ratio for WD was 9.14+24.62
for the 27 cases, and 0.27+0.44 for the control group (Table 2). The Cu/Zn ratio, coupled
with baseline 24-hours urine Cu in the 27 WD patients, showed a moderate but significant
correlation (r=0.60, p<0.001) (Fig. 1).

The area under the ROC, with 95% CI, for the morning urinary Cu/Zn ratio measured using a
24-hours urine sample was 0.843 (95% CI: 0.743-0.940) (standard error, 0.05; p<0.001) (Fig. 2).

DISCUSSION

WD is one of the most common pediatric inborn metabolic disorders. Early diagnosis and
treatment is crucial in possibly altering the natural course of the disease, leading to a more
benign prognosis when identified at an early stage [24]. Typically, WD manifests in childhood
with hepatic involvement. The presence of low ceruloplasmin levels and the KF ring can
significantly facilitate the diagnosis of WD. However, diagnosing WD in children might be
challenging, primarily due to the absence of the KF ring and the ambiguity surrounding
serum ceruloplasmin levels. In certain WD patients, serum ceruloplasmin levels may be
normal, while in some carriers, it may be low [24].
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Fig. 2. Receiver operating characteristic curve for the spot urinary Cu/Zn ratio.
Cu: copper, Zn: zinc.

Therefore, numerous studies have emphasized the 24-hours urine Cu excretion as one of the
most sensitive tests for diagnosing WD, and a test that can differentiate WD from other liver
diseases in the pediatric population [25,26]. Despite the diagnostic value, the 24-hours urine
collection method is time-consuming and challenging, particularly with the potential for
incomplete collections that may yield unreliable results [27].

This prompted us to explore the feasibility of adopting a morning spot urine Cu/Zn ratio as
an alternative to the 24-hours urinary Cu excretion. Copper and zinc are both trace elements
that can be concurrently measured using the same equipment and may interact negatively
with one another [12,13]. WD is characterized by increased hepatic copper accumulation,
and urinary zinc excretion is highly correlated with hepatic copper concentration [14]. Due
to significant hepatobiliary excretory impairment of copper, patients with WD may display a
slightly elevated hepatic zinc concentration [28].

A positive association was observed between the morning urine Cu/Zn ratio and the
estimated 24-hours urinary Cu excretion in patients with WD. This finding aligns with a
similar positive correlation reported by Wang et al. [15]. Similar to the study, both the urine
Cu/Zn ratios and baseline 24-hours urine Cu excretion demonstrated similar areas under
the ROC curve. Notably, all participants with WD in this study were newly diagnosed and
treatment-inexperienced. This study excluded individuals with a history of zinc and copper-
containing multivitamin tablet use within a month of hospitalization.

To achieve accurate results, creatinine excretion measurement was performed simultaneously
with the 24-hours urinary Cu excretion as it may be challenging to correctly collect urine
from the younger patients. Furthermore, the presence of renal tubular acidosis in patients
with WD could contribute to increased urine copper excretion. Unfortunately, a limitation

of this study is the lack of concurrent creatinine excretion measurement and screening for
renal tubular acidosis. Another limitation was the inability to store urine in an acid-washed
container, necessitating the estimation of 24-hours urine Cu by multiplying the copper of the
spot morning urine with the total 24-hours urinary volume.

A firm conclusion could not be formed from this study because of the relatively small
sample size. However, the findings regarding the morning urine Cu/Zn ratio as a potentially
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promising alternative to the assessment of estimated 24-hours urinary Cu excretion for
the diagnosis of WD are noteworthy. The simplicity and rapid collection of morning urine
samples, on top of encouraging results, suggest the potential utility of this approach;
however, a prospective trial involving a larger sample size is necessary.
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