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Abstract

Background: There is no official consensus regarding zinc therapy in pre-symptomatic children with Wilson Disease (WD);
more data is needed.

Objective: To investigate the safety and efficacy of zinc gluconate therapy for Chinese children with pre-symptomatic WD.

Methods: We retrospectively analyzed pre-symptomatic children receiving zinc gluconate in a single Chinese center
specialized in pediatric hepatology. Short-term follow-up data on safety and efficacy were presented, and effects of different
zinc dosages were compared.

Results: 30 children (21 males) aged 2.7 to 16.8 years were followed for up to 4.4 years; 26 (87%) children had abnormal ALT
at baseline. Most patients (73%) received higher than the currently recommended dose of elemental zinc. Zinc gluconate
significantly reduced mean ALT (p<<0.0001), AST (p<<0.0001), GGT (p<<0.0001) levels after 1 month, and urinary copper
excretion after 6 months (p<<0.0054). Mean direct bilirubin levels dropped significantly at 1 month (p=0.0175), 3 months
(p=0.0010), and 6 months (p =0.0036). Serum zinc levels gradually increased and reached a significantly higher level after 6
months (p<<0.0026), reflecting good compliance with the therapy. Complete blood count parameters did not change
throughout the analysis period. 8 children experienced mild and transient gastrointestinal side effects. The higher zinc dose
did not affect treatment response and was not associated with different or increased side effects when compared to
conventional zinc dose.

Conclusion: In our cohort, zinc gluconate therapy for Chinese children with pre-symptomatic WD was effective, and higher
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Introduction

Wilson disease (WD) is an inborn error of copper metabolism
characterized by impaired hepatocellular utilization and biliary
excretion of copper. This leads to copper accumulation in the
liver, brain, cornea, kidney, and other organs, eventually causing
end stage liver disease and severe brain damage [1]. It is caused by
autosomal recessive mutations in the A7TP7B gene [2]. WD has
worldwide incidence of 1/35,000-1/100,000 [3], but the exact
incidence in China is not published.

A diagnostic scoring system using clinical findings, lab results,
liver biopsy, and mutation analysis was developed by the working
party of 8" International Meeting on Wilson Discase and Menkes
Disease [4], when this was validated in children it had a high
sensitivity (98.14%) and specificity (96.59%) [5].

Cuurrent treatment regiments include copper-chelators, and zinc
salts. The goal of therapy for all patients is to establish, and
maintain normal copper homeostasis. This can be achieved with

PLOS ONE | www.plosone.org

medical therapy or, if rescue treatment fails and in advanced cases,
liver transplantation. Treatment of WD can generally prevent,
stabilize, or reverse copper overload and symptoms caused by it.
Early diagnosis is important, because treatment of the disease is
more cffective, if initiated at an carly stage [6].

The latest European Association for the Study of the Liver
(EASL) guidelines [7] recommended zinc for pre-symptomatic
patients while acknowledging its role in patients with neurological
manifestation. The American Association for Study of Liver
Diseases (AASLD) [8] also recommended using zinc for the
treatment of pre-symptomatic patients or those on maintenance
therapy. Routine follow-up and monitoring of liver function,
parameters of copper/zinc metabolism, international normalized
ratio, complete blood count, and urinalysis was recommended
[9,10].

A recent systematic review [11] on the treatment of WD found
only four qualified studies evaluating zinc mono-therapy [12-15],
and two studies comparing the efficacy of zinc and penicillamine
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[16,17]. Based on limited data, the authors recommended zinc
mono-therapy to pre-symptomatic WD patients while waiting for
larger, randomized controlled studies. However, both guidelines
and the systematic review failed to issue specific recommendation
for pediatric patients. More data on treatment is needed for
children, especially at pre-symptomatic stage.

With the introduction of gene sequencing technology, an
increasing number of Chinese children with WD are being
diagnosed before symptoms occur [15]. From 2006, our institution
adopted zinc mono-therapy as the first-line treatment for pre-
symptomatic children with WD. Here we report a retrospective
analysis of 30 pre-symptomatic WD children that received zinc
mono-therapy from a single pediatric liver center.

Clinical Setting, Patients and Methods

Inclusion/Exclusion Criteria

Children’s Hospital of Fudan University is one of the major
pediatric tertiary health care centers in China, and mainly receives
referrals from the eastern region of the country. Recently, more
and more patients all across China are coming to the Liver Center
for diagnosis and treatment.

Medical records of children with WD treated on an outpatient
basis by one liver specialist (Professor Wang JS) in Children’s
Hospital of Fudan University from January 2006 to March 2013
were retrospectively analyzed. The Institutional Review Board in
Children’s Hospital of Fudan University approved this study and
waived the need for parental informed consent for children’s
clinical data to be used for retrospective analysis.

WD Scores were calculated for each child (aged less than 18
years at the time of first visit) using serum ceruloplasmin levels,
urinary copper levels, presence/absence of Kayser-Fleischer (K-F)
ring, and mutation analysis of ATP7B gene [4]. WD Scores of 4 or
above were considered diagnostic of WD. A7P7B gene mutation
analysis was done at the time of diagnosis by Sanger sequencing of
DNA extracted from peripheral white blood cells.

Patients were regarded as pre-symptomatic if diagnosed after
accidental findings of abnormal liver enzymes, or by family
screening after an index patient was confirmed. Children included
in this analysis were newly diagnosed, and had baseline data plus
at least one follow-up data point. Neurologic manifestations and
other causes of liver, muscular, and metabolic diseases were
excluded with appropriate investigations. Patients with insufficient
data, neurologic/psychiatric symptoms, liver failure, and those
who received chelation or combination therapy prior to zinc
mono-therapy were excluded from this study.

Data Collection and Analysis

We recorded baseline characteristics for all included cases,
including age, gender, presence/absence of hepatomegaly,
splenomegaly and K-F rings. Liver function test results, serum
ceruloplasmin/copper/zinc levels, complete blood count, urinary
copper levels, urinary analysis, ATP7B gene mutations, and initial
zinc dosage were collected at the start of zinc therapy. Available
follow-up data were collected at 1 month, 3 months and 6 months
after the start of zinc therapy, and every 6 months thereafter.
Follow-up clinical and laboratory data were compared to baseline
data for analyzing the efficacy, and safety of zinc therapy.

Statistical Analysis

Statistical analyses were performed with STATA software
(version 12.0 Special Edition, STATA Corp, College Station,
TX). The Pearson chi-square test was used to compare categorical
variables, and Fisher’s exact values were calculated when expected
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frequency was five or less. A two independent samples t-test was
used to compare continuous variable. Differences between paired
data were calculated using a paired t-test. A two-sided p value of
less than 0.05 was considered statistically significant.

Results

A search of out-patient records from January 2006 to March
2013 revealed 49 patients with WD. We excluded 9 patients (cases
31 through 39) for lack of follow-up data either because they were
lost to follow-up, or transferred to local care. 5 cases (cases 40—44)
were older than 18 years at first visit and were not included in the
analysis. Three children (cases 45-47) were excluded for previously
receiving chelation/combination therapy, one (case 48) for having
epilepsy and hand tremor plus chelation therapy, and one (case 49)
for having liver de-compensation at presentation. This patient with
liver de-compensation had marked jaundice (total bilirubin level:
136 umol/L), liver cirrhosis with severe splenomegaly and
thrombocytopenia, but the albumin level was normal. Basic
characteristics of all included and excluded cases were summarized
in Table 1.

Consequently, a total of 30 pre-symptomatic pediatric patients
were analyzed, and all children had a Wilson Disease Score of 4,
or higher. There were 21 males (70%), the mean age at
presentation was 6.6 years old (range 2.7-16.8 years), and mean
follow-up time was 1.54 years (range 0.3-4.4 years). 17 (57%)
children had hepatomegaly, 9 (30%) had palmar erythema, 2 (7%)
had splenomegaly, and 1 (3%) was found to have K-I ring after
ophthalmological examination. 26 (87%) patients had abnormal
alanine amino transferase (ALT) levels (greater than 2-times of
upper normal limit) at presentation, while 4 others had normal
liver function tests.

Sanger sequencing of ATP7B established variants believed to be
disease causing in 24 patients. 6 had homozygous mutations, 16
had compound heterozygous mutations, and 2 had only one
heterozygous mutation. Parental origins of mutations were
confirmed in 1 patient with homozygous mutation, and in 3
children with 2 compound heterozygous mutations (Table 1). 5
variants previously not reported in the Wilson Disease Mutation
Database (http://www.wilsondisease.med.ualberta.ca) include 1
homozygous (c.3446G>A), and 4 heterozygous (c.1153G>TT,
c.3041C>T, ¢.3044T>C, c.4013T>G) missense mutations (lead
to amino acid change). All of these variants were predicted to be
disease causing by Mutation Taster (www.mutationtaster.org) and
are not seen in over 10,000 US alleles (evs.g.s.washington.edu,
accessed 24 Oct 2013). Results of mutation analysis for the
remaining 6 children were not recorded in their charts.

Zinc Therapy

A domestically produced zinc gluconate tablet containing
10 mg of elemental zinc each were used for all patients. A
different dose was used for different patients according to their
age, liver enzyme levels, degree of hepatomegaly/splenomegaly,
predicted gastrointestinal tolerance, and parental concerns. The
zinc dose was increased in some patients if their laboratory
parameters were not responsive to treatment, or an ALT re-
elevation occurred after treatment response. In other patients it
was reduced if not tolerated, and then slowly increased to the
target dose. Our lowest initial dosage was 30 mg of elemental zinc
twice daily, while the highest dosage was 70 mg of elemental zinc
three times a day. Only a few children received twice a day dosing
due to school attendance. Total daily dosages of elemental zinc
given initially were also provided in Table 1. In accordance with
published recommendations of zinc dosage in children [12], two
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than conventional

Initial Zinc Dose
(mg) (Bold: higher
dose)

Origins Confirmed, Bold:

*Heterozygous, ~Parental
Novel Mutation)

Specific Mutations and/or
Amino Acid Changes
(**Homozygous,

Palmar

Spleno-
megaly megaly Erythema

AST Hepato-
(lu/L)  (1IU/L)

ALT

Total

Urinary K-F

Wilson
Disease
Score
Cerulop-
lasmin

Total
Follow-up
Time (Year)

ge

(Year)

Sex

Table 1. Cont.
Case No

Ring Mutation Score

Copper

50

NA
NA
NA
NA

143
27
53
22
28

396
52
68

NA
NA
NA
NA
NA

6.6

57

45

None

1.6
3.6
54
0.8

9.5

46

None
60

13.7

47

24
28

13.6

48

NA

Normal

NA

15.8

49

NA: Not Available.

doi:10.1371/journal.pone.0086168.t001
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groups of patients were identified: “conventional zinc dose” group
consisted of children older than 5 years of age who received
100 mg or less daily zinc, although a 15.7 year old adolescent
received 150 mg/day zinc and was also included in this group; the
“higher zinc dose” group consisted of those less than 5 years who
received 90 mg/day or more, and 5-10 year olds who received
150 mg/day or more. Twenty two (73%) children received higher
zinc dose, while eight (27%) received conventional dose.

Treatment Outcome

Of 26 (87%) patients with an abnormal ALT levels at baseline,
the cumulative number of children with AL'T normalization after
1 month, 3 months, and 6 months of zinc therapy were 17, 19, and
19 respectively. This normalization was maintained for the
duration of the study data points available. A further five children
achieved liver enzyme normalization after 1 year but before 2
years of therapy. The remaining 2 children have not normalized at
their one year follow up. Of 4 patients with normal ALT at first
presentation, 2 remained normal under zinc therapy, 1 child had
recurrent abnormalities, while the remaining one had an
abnormal ALT at 1 month and returned to normal at 6 month.

We compared the number of children with normal ALT levels
between the conventional zinc dose group and the high zinc dose
group at each of the follow-up time points. No statistically
significant differences were observed at all follow-up time-points;
higher zinc dose achieved the same proportion of children with
normal ALT levels as the conventional zinc dose (Table 2).

Patients were regarded as having a quick response to zinc
therapy if their liver enzymes dropped to normal levels at 6 moths
and remained so afterwards, or liver enzymes remained normal if
the child initially presented with normal liver function. In total, 21
patients were categorized as having a quick response. On the other
hand, patients were regarded as having slow or no response if ALT
levels remained high at 6 months or were normal in the first six
months but became abnormal at any time after that. 9 children
fulfilled the criteria of slow/no response. The treatment outcome
was not associated with age, gender, initial ALT/AST (Aspartate
Amino Transferase) levels, presence of other abnormal findings
(hepatomegaly, splenomegaly, K-I ring, and palmar erythema), or
the iitial zinc dose (Table 3).

We compared liver function test results, serum copper/zinc
levels, urinary copper levels, and complete blood counts at each
follow-up to the baseline data using paired t-test. Data after 2 years
of follow-up were not analyzed due to insufficient sample size.
Results of statistical analysis are provided in Figure 1 and Figure 2.

After 1 month of zinc therapy, the mean serum ALT
(p<<0.0001), AST (p<<0.0001) and Gamma Glutamyl Transpep-
tidase (GGT) (p<<0.0001) levels dropped significantly and
remained lower throughout analysis period. However, serum
Alkaline Phosphatase (ALP) levels gradually increased after zinc
therapy and were significantly higher at 1 month (p=0.04), 3
months (p =0.0016), 6 months (p=0.03), and 1 year (p=0.0048).
Values were not statistically significant beyond 1 year, probably
due to a small sample size. There were no statistically significant
changes in total bilirubin, serum albumin, and total bile acid levels
throughout the follow-up period. Mean direct bilirubin levels
remained within normal limits at all time points, but, dropped
significantly at 1 month (p =0.0175), 3 months (p =0.0010), and 6
months (p =0.0036), returning to the same level as the baseline at
1 year and thereafter (Figure 1).

Serum copper levels remained constant during the treatment
period; however, serum zinc levels gradually increased after zinc
therapy with a statistically significant increase at 6 months

(p=0.0026) and 1 year (p=0.0267), indicating good compliance
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Table 2. Number of Children with Normal and Abnormal ALT, Comparison of Different Zinc Doses at Each Time Point.

Number of Children (with normal ALT/with abnormal ALT)

1st Visit 1 Month 3 Months 6 Month 1 Year 1.5 Years 2 Years
Conventional Dose 177 6/2 6/1 4/2 4/0 21 2/0
Higher Dose 3/19 15/7 13/4 8/5 5/4 1/4 2/0
P value 1.000 1.000 1.000 1.000 0.228 0.464 na

na: not applicable.
doi:10.1371/journal.pone.0086168.t002

with zinc therapy. Urine copper concentration and 24-hour urine
copper excretion dropped after zinc therapy, but did not reach
significantly lower levels until 6 months (p=0.0054 and 0.0349
respectively). Complete blood count parameters including white
blood cell counts, red blood cell counts, hemoglobin levels, and
platelet counts did not change after the start of zinc therapy and
remained constant until 2 years of follow-up (Figure 2).

Effect of Different Zinc Doses on Lab Parameters

Lab parameters of patients receiving the conventional zinc dose
(n=8) or high zinc dose (n=22) were compared at various time
points of follow-up. Mean values of the liver function test, copper/
zinc metabolism, and complete blood count parameters are shown
in Table 4. P values of t-test results are provided for each
parameter at each visit. Changes in mean serum ALT, AST, and
albumin levels (ALB), white blood cell (WBC), red blood cell
(RBC) counts, serum copper (Scu), serum zinc (Szn), urinary
copper (Ucu), and 24-hour urine copper levels (24HUcu) were not
statistically different when comparing different zinc-dose groups.
Mean levels of total bilirubin (TB), direct bilirubin (DB), ALP, and
hemoglobulin (Hb) were significantly different at the start of zinc
therapy (p=0.011, 0.003, 0.015, and 0.01 respectively), but these
differences disappeared later during the follow-up. AST levels at 2-
year follow-up were different according to zinc dose (p =0.02). At
I-month follow-up, mean platelet (PLT) level was significantly
lower in high dose group when compared with conventional dose
group (p =0.0228), but this difference disappeared in later follow-
up comparisons. Mean values of WBC, RBC, and Hb levels did
not differ with different doses of zinc therapy.

Zinc Toxicity

One 16 year-old girl stopped taking her medicine after
experiencing fever and diarrhea several days after initiating zinc
therapy at 30 mg 3-times-a-day. She had been identified through
family screening, and had normal liver function at presentation.
Her liver enzymes remained normal, and she was able to re-start
the therapy after one month without any further adverse events. 3
other children experienced mild abdominal discomfort and
occasional vomiting, 4 patients had mild abdominal or epi-gastric
pain/discomfort. One of these individuals, a 6 year-old girl, was
switched to penicillamine, after 3 years of zinc therapy, due to
recurrent ALT elevations. The other 3 patients were able to
continue zinc therapy despite mild and occasional gastrointestinal
problems. Overall, 8 out of 30 (26.7%) children experienced mild
gastrointestinal side effects of zinc. Side effects occurred in 3 out of
8 children with conventional zinc dose and 5 out of 22 children
with high zinc dose, and occurrence rate wasn’t significantly
different (p =0.643).

Zinc treatment did not affect complete blood count parameters
throughout the study period. All patients had regular urine
analysis. 2 children experienced a mild and transient hematuria
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(occult blood and red blood cells in urine), no other abnormalities
such as persistent hematuria or proteinuria, were observed.

Discussion

In the 1960s, doctors in Holland started using zinc in a patient
with WD and achieved a clinical response in 1.5 years [18]. Later
research further illustrated the mechanisms of action [19-23]. In
previous researches, the dose of elemental zinc for children with
WD was determined by age and body weight: 25 mg twice daily if
aged 1 to 5 years; 25 mg three time a day if aged 6 to 15 years and
body weight is under 125 pounds; 50 mg three times a day if aged
16 years or older [12,24,25].

In our single center sample of pre-symptomatic children with
WD, most had elevated liver enzymes. It might be reasonable to
predict that a higher zinc dose will take less time to achieve
treatment goals while producing more side effects. However, our
comparison of the number of children with a normal ALT at each
time point of follow-up did not reveal any differences between
higher zinc dose and conventional zinc dose groups (Table 2).
Children in conventional zinc dose group achieved the same rate
of quick response as the children in the high zinc dose group
(Table 3). No significant dose related difference was observed
when comparing the occurrence of gastrointestinal side effects. At
different time points of follow-up, the major parameters of liver
function, copper/zinc metabolism, and complete blood count did
not significantly differ between high and conventional zinc dosage
groups with the exception of mean PLT levels at 1 month.
However this difference disappeared at subsequent time points
(Table 4).

Due to lower body weight and less copper accumulation prior to
treatment, Brewer et al. warned against the possibility of over-
treating younger children with zinc. They recommended 25 mg of
elemental zinc twice daily for children under the age of 5, and
25 mg three times daily for patients aged between 5 and 15 years
[12,25]. Although zinc has an excellent profile with a low
incidence of side effects, better efficacy, and low cost, one must
be cautious that rare, and severe complications [26-29] might
occur and regularly check clinical and biochemical parameters,
while keeping in mind potential mechanisms of zinc toxicity
[30,31]. In our group, most children received higher than the
conventional dose of molecular zinc (22 out of 30). This might
explain the reason why more children (8 out of 30, 26.7%)
experienced mild gastrointestinal side effects than Brewer et al
reported (4 out of 34, 11.76%) [24]. However, our patients with
higher zinc dosage did not experience any serious complications,
significant increase of side effects, or treatment failure compared to
children receiving conventional zinc dose.

Presence of palmar erythema tended to be associated with slow/
no response, but the association did not reach statistical
significance (p=0.08). A larger sample size in future studies
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should be evaluated to see if there is a significant relationship
(Table 3).

Yuzbasiyan-Gurkan et al. [32] reported serum ALP changes in
WD patients treated with zinc, ALP was elevated above the
normal range after a few weeks of zinc therapy and stabilized at
the higher end of normal range after 1 year. In our study, mean
serum ALP levels gradually increased after zinc therapy, and were
significantly higher than baseline at 1 month all the way through
the first year, but the statistical significance was lost later (Figure 1).
One should also bear in mind that isolated ALP elevation while all
other liver function parameters were improving or stable raises the
possibility that ALP might originate from bone. Sadighiet al [33]
reported that zinc supplementation stimulates bone growth/
fracture healing and increases serum ALP level.

Although the mean direct bilirubin level at the first presentation
was normal, it dropped significantly after 1 month of zinc
treatment, and remained so until 1 year. (Figure 1). Linn [34]
administered zinc for 12 WD patients with hepatic manifestation
and noted a decrease in bilirubin levels. Other studies with
children mentioned serum bilirubin levels remained normal or
stable during zinc therapy [24,35]. In reviewing the literature, we
were unable to find previous studies of pre-symptomatic children
that document direct bilirubin changes during zinc treatment. It is
interesting to note that even a small but significant reduction in
mean direct bilirubin levels accompanied improvement of liver
enzymes. Our finding of a significant decrease in direct bilirubin
levels after zinc therapy in pre-symptomatic WD children needs to
be confirmed by future studies, and its significance in evaluating
treatment response awaits elucidation.

Brewer reported significant increase in both serum and urinary
zinc levels 1 year after zinc mono-therapy in children (p=0.0001)
[24]. The mean serum zinc level in our cohort started to increase
after zinc therapy, and was statistically significantly higher than
the baseline level at 6 months and 1 year (p =0.0026 and 0.0267
respectively) (Figure 2). This indicated good compliance among
WD patients, as the vast majority of children were receiving the
prescribed dose when checked at each visit. The Brewer study
compared both plasma and urine copper at baseline to 1 year after
zinc mono-therapy in pediatric patients, both parameters dropped
significantly (p =0.022 and 0.0001 respectively) [24]. In our study,
both urine copper concentration and 24 urine copper quantifica-
tion values dropped at the 6-month follow-up (p = 0.03 and 0.005).
Conversely, mean serum copper levels failed to change throughout
the study period (p=0.8 at 1 year follow-up) (Figure 2). This lack
of detectable change might be related to methodological
limitations for measuring serum copper levels in our institution.
Specifically, changes in free copper might not be detected due to
the fact that majority of serum copper is bound to ceruloplasmin.

Study Limitations

The main limitation of this study was that it was a retrospective,
non-randomised cohort of children treated with different doses of
zinc. The study follow up time is significantly shorter than several
other studies (mean 1.54 years, range 0.3-4.4 years). However, we
have chosen to publish this interim data now to ensure rapid
availability to the academic community of our experience with
high dose of zinc gluconate therapy. This seems an appropriate
time point because we have studied a large enough group of
patients to detect any large safety signals and further longitudinal
follow up of this cohort is unlikely to lead to further safety signals
as the majority of these cases have entered the maintenance
therapy phase, where doses are at the same level as previous trials.

We evaluated efficacy based on intention to treat of the initial
zinc dose in our cohort of patients. In routine clinical practice, zinc
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Figure 1. Parameters of Liver function. Linear plot of mean values of liver function parameters at each visit, with number of observations, and p
value from paired t-test results with the 1st visit. A: Serum ALT and AST levels. B: Serum ALP and GGT levels. C: Serum total and direct bilirubin levels.

D: Serum albumin and total bile acid levels.
doi:10.1371/journal.pone.0086168.g001

doses were dynamically adjusted according to tolerance and liver
enzyme changes. We attempted to collect intermediate and final
zinc dose data, but the collected data was inadequate for statistical
analysis. A total of 15 patients had available data on intermediate
or final zinc dose. Dosages were slightly increased in 10 patients,
slightly decreased in 4 patients, and did not change in 1 patient.

We used Fisher’s exact test for 2x2 table analysis when
comparing small sample sizes. However, some data in Table 2
(statistics at 1 vyear follow-up), and Table 3 (presence of
splenomegaly and K-I' ring) might be too small to reflect true
differences between groups. In the future, larger studies will be
required to evaluate if these differences are truly not significant.

Long-term zinc therapy may interfere with intestinal iron
absorption causing anemia in children. Although mean Hb level
did not change throughout our study period, we did not routinely
test serum iron levels and cannot confirm if there i1s any sub-
clinical iron deficiency that will affect Hb levels with longer zinc
therapy.

Adult and adolescent studies showed 24-hour urinary copper
and non-ceruloplasmin serum copper as important indicators for

A

evaluating the efficacy of WD treatment [13,24,36,37]. These
parameters might not be equally valid in pediatric patients.
Mizuochi et al. [35] treated 4 pre-symptomatic children aged 5-7
years with zinc sulfate, and recommended maintaining 24-hour
urinary copper excretion between 1 and 3 ug/kg/day might
achieve good results in younger children. Observations of 24-hour
urine copper per kilogram of body weight and serum non-
ceruloplasmin copper levels were not possible in this retrospective
study as we did not regularly record body weight and check non-
ceruloplasmin copper levels during follow-up visits.

Conclusion

In our single center experience, zinc gluconate was effective in
reducing liver enzymes and urinary copper excretion, while
producing few gastrointestinal side effects which were mild and
transient. The higher zinc dose achieved the same treatment
outcome and caused the same rate of gastrointestinal effect when
compared to the currently recommended zinc dose. Based on the
data presented in this paper, we have not established a clinically
significant benefit in a higher than recommended zinc dose.
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Figure 2. Parameters of copper/zinc metabolism and complete blood count. Linear plot of mean values at each visit with number of
observations and p value from paired t-test results with the 1st visit. A: Serum copper and zinc Levels. B: Urinary copper levels. C: White/red blood cell

counts. D: Hemoglobin level and platelet counts.
doi:10.1371/journal.pone.0086168.g002
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However, we have also demonstrated that a higher dose of zinc for
induction may not be associated with a higher rate of side effects
than the conventional dose. Our data suggest that the decrease in
serum direct bilirubin level while remaining within the normal
range might reflect improvement of liver function, and could be
considered as a marker for treatment response.

Supporting Information

Table S1 Table S1 provided full follow-up data for each
patient at each visit. Abbreviations were provided within the
text.
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