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Abstract

Introduction: The prevalence of Wilson disease (WD) in Costa Rica is

among the highest reported in the world, 4.9:100 000. Previous investigators

have also described a burden of autosomal recessive conditions in this coun-

try. Genetic testing for WD began in 2010 as a strategy for earlier detection

due to the country's high prevalence. Here we describe what we have

learned about the genotype and phenotype of the Costa Rican pediatric pop-

ulation with WD.

Methods: We completed a retrospective review of medical records from pedi-

atric individuals (<18 years of age) with molecular testing for ATP7B between

2010 and 2015. We documented phenotype and genotype for cases with WD as

defined by the international scoring system.

Results: Thirty-four WD cases from 28 families were included, 15 female and

19 male patients. The most frequent pathogenic variant in ATP7B was
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NM_000053:c.3809A>G, p.Asn1270Ser, with 58.8% of affected individuals

homozygous for this variant. Age of diagnosis ranged from 1 to 17 years, with

an average of 8.8 ± 3.6 years. All individuals who presented with acute liver

failure (n = 6) were homozygous for the p.Asn1270Ser variant (Chi-

squared, P < .05).

Discussion: Molecular testing has facilitated the detection of presymptomatic

patients with WD in Costa Rica. We hope that ongoing efforts in the delivery

of clinical services lead to optimized molecular screening for WD and other

genetic conditions in Costa Rica.
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1 | INTRODUCTION

Wilson disease (WD) is an autosomal recessive disorder in
which copper's metabolism is altered due to pathogenic
variants in the ATP7B gene. The condition's phenotype
can vary widely from acute liver failure (ALF) to neuropsy-
chiatric manifestations, and occurs as a result of the toxic
effects of excess copper in tissues.1-3 WD is a treatable con-
dition, and early detection through molecular testing can
decrease morbidity and mortality.4,5 Costa Rica has the
highest prevalence of WD in the world: 4.9:100 000, as per
previous reports, as well as a burden of other autosomal
recessive conditions.6,7 Previous studies have reported a
high rate of acute liver failure among WD patients in
Costa Rica, approximately 17% in children, in comparison
to other reports where only 5% was observed.8-11 To
address this, the Medical Genetics and Metabolism Depart-
ment at the National Children's Hospital (HNN) now pro-
vides molecular diagnoses for a group of conditions
including Wilson disease (OMIM #277900). Molecular
testing for early detection was implemented as a strategic
measure to reduce morbidity and mortality.12-14 The pro-
ject's goal was to optimize the benefits of molecular testing
through extended familial cascade screening, genetic
counseling, and reproductive planning.15

In this study, we characterize the phenotype and
genotype of the Costa Rican pediatric population with
WD who had molecular testing between 2010 and 2015
and compare the results with a previous report from our
center to demonstrate the impact of strategic measures in
the delivery of genetics services.

2 | METHODS

We completed a retrospective review of medical records
from pediatric individuals (<18 years of age) with

molecular testing for ATP7B between 2010 and 2015
(n = 140). We included patients with WD defined as a
score ≥ 4 points in the Leipzig or EASL scoring sys-
tem (n = 34).5

2.1 | Phenotype

Phenotypic data was collected from medical records. Phe-
notype was defined by clinical presentation at time of
diagnosis as: presymptomatic, hepatic, acute liver failure
(ALF), neuropsychiatric, or coombs-negative acute hemo-
lytic anaemia.5 ALF was defined as onset of clinical
symptoms <8 weeks with evidence of impaired hepatic
function, INR > 2, and any degree of encephalopathy.16

2.2 | Genotype

Molecular testing for ATP7B began in 2010 with DNA
PCR amplification and restriction enzyme fragment
length polymorphism testing.17 An initial 4-exon panel
included exons 6, 7, 8, and 18, with variants p.
Met645Arg, p.Met665Ile, p.Leu708Pro, and p.Asn1270Ser
(GRCh37/hg19, NM_000053). This strategy was later
expanded to a 7-exon panel that included exons 6, 7,
8, 14, 17, 18, and 21. This selection was based on previous
Costa Rican population estimates on variant frequen-
cies.17 By 2013, the HNN testing center had the ability to
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Here we describe what we have learned about
the genotype and phenotype of the Costa Rican
pediatric population with WD.
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sequence by the Sanger method all 21 exons and splicing
regions in ATP7B.

2.3 | Statistical analysis

We transferred the information gathered into a collection
sheet using the Epi Info Software, where we compiled
Leipzig scores to determine patient inclusion.5 Statistical
analyses were performed using the STATA version
14 and R Software version 3.4.4.

3 | RESULTS

A total of 140 pediatric individuals had molecular testing
for ATP7B variants between 2010 and 2015, due to liver
disease of unknown etiology or suspicion of WD due to
family history. A total of 34 pediatric patients, from
28 families, were confirmed to have WD by a score ≥ 4
points in the Leipzig scoring system. From the 34 diag-
nosed patients, 23 were new and 11 had been previously
reported.18,19 Previously reported patients had prior clini-
cal diagnosis and were later confirmed molecularly
(Table 1). There were 15 female and 19 male patients
diagnosed with no significant age difference between
sexes (females = 7.9 ± 4.5 years, males = 9.4 ± 2.6 years,
Welch ANOVA P = .2654). Age of diagnosis ranged from
1-17 years, with an average of 8.8 ± 3.6 years. Those pre-
senting with symptoms upon initial evaluation had an
average age of 10.1 ± 2.1 years.

We estimated pediatric prevalence as the proportion
of affected individuals over the population of individuals
<18 years of age per region, according to the Costa Rican
National Population Census data.20 The national preva-
lence of pediatric WD was estimated to be 2.2:100000.
The proportion of affected individuals varied markedly
depending on the region of the country from 0.6 to
3.9:100000 (Figure 1). The central province of San José
was the most affected with a prevalence of 3.9:100 000,
followed by the province of Puntarenas with 3.6:100 000.
The difference in prevalence with previous adult popula-
tion studies may be attributable to the natural history of
the condition and its onset later in adulthood.6

Biallelic pathogenic variants were identified in 27 of
the 34 individuals who met Leipzig criteria for WD. The
most frequent pathogenic variant detected in our popula-
tion in ATP7B (hg19) was NM_000053:c.3809A>G, p.
Asn1270Ser (Table 2). The majority of pediatric WD cases
(58.8%) were homozygous for this missense variant. Five
different pathogenic variants were detected in WD cases:
p.Asn1270Ser, p.Met645Arg, p.Leu708Pro, p.Thr1434Met,
and p.Met665Ile. Individuals with unidentified variantsT
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had four of the 21 exons sequenced. Efforts are underway
to identify variants in individuals with WD and ≤1 vari-
ant identified. From 106 individuals without WD, 23 were
heterozygous for one pathogenic variant in ATP7B (19 p.
Asn1270Ser, 2 p.Met645Arg, 1 p.Thr1434Met and 1 p.
Met665Ile).

We documented the phenotype at onset with biochem-
ical parameters. The most frequent clinical presentation
was hepatic in 50% of cases (Table 3). The hepatic pheno-
type included: acute hepatitis, chronic hepatitis, hepato-
megaly, or ALF. No patients presented as neuropsychiatric
WD. All patients had decreased ceruloplasmin, most cases

(32 of 34) in levels considerably below 50% of the lower
normal limit (defined as 0.1 g/L or 28 IU/L for ceruloplas-
min ferroxidase activity). Average urinary copper was 18.9
± 30.7 μmol/ 24 hours, including patients under penicilla-
mine challenge. The international scoring system for WD
(EASL or Leipzig criteria) previously validated in pediatric
patients, was highly sensitive capturing all patients in this
cohort.5,21

ALF occurred mainly in the context of chronic liver
disease. Nonetheless, acute presentation was distin-
guished from chronic disease by symptom duration
before diagnosis, clinical signs of chronic liver disease or
portal hypertension. Most cases of ALF (4 of 6) were in

San José
Cartago

HerediaGuanacaste Alajuela

Puntarenas

Limón

Costa Rica

Prevalence per 100,000

1.0-1.9

2.0-2.9

3.0-3.9

<1.0

N

FIGURE 1 Prevalence of pediatric

patients with Wilson Disease in Costa

Rica by province

TABLE 2 Genotype frequency in pediatric patients with

Wilson disease in Costa Rica

Genotype
Number of
patients (n = 34)

Homozygous

p.N1270S/p.N1270S 20 (58.8%)

Compound heterozygous

p.N1270S/p.M645R 2 (5.9%)

p.N1270S/p.L708P 4 (11.7%)

p.N1270S/p.T1434M 1 (3.0%)

One variant detected

p.N1270S/− 4 (11.7%)

p.M645R/− 2 (5.9%)

No variants detected

−/− 1 (3.0%)

TABLE 3 Phenotypic presentations at diagnosis in pediatric

patients with Wilson disease in Costa Rica

Phenotype

Number of
patients
(n = 34) %

Jimenez
et al.
(n = 35)a,b %

Hepatic 11 32% 13 37%

Acute liver failure
(deceased)

6 (1) 18% 11 (6) 31%

Presymptomatic 16 47% 6 17%

Coombs negative
hemolytic anemia

1 3% 4 11%

Neurologic 0 0% 1 3%

aJiménez et al.19
bTen patients between the two studies (six with presymptomatic and four
with hepatic phenotype) overlap due to a four-year study
intersection (2002-2006).
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more advanced stages of encephalopathy at time of pre-
sentation. Of the six cases presenting with ALF, four
were females and two were male patients. Two patients
with ALF were transplanted, three were not transplanted
and survived, and one male patient died at age 9 years
and 4 months due to fulminant liver failure (Tables 1 and
3).22 In the pediatric population with WD, all individuals
with acute liver failure (n = 6) were homozygous for the
p.Asn1270Ser variant (Figure 2). We found no significant
difference in age of presentation between homozygous
and heterozygous phenotypes. Sixteen of the 34 patients
(47%) were detected in a presymptomatic stage through
molecular cascade screening due to family history.

Jiménez et al.,19 characterized the pediatric popula-
tion with WD at the same center before the advent of
molecular testing, between 1992 and 2006 (Table 3). We
documented a total of 34 patients diagnosed in a time
span of 13 years and previously Jimenez et al. had docu-
mented a total of 35 cases diagnosed in a span of
14 years.19 There is a similar number of cases diagnosed
per year between the two studies and a reduction in age
of diagnosis from 10 ± 2 to 8.8 ± 3.4 years. Jimenez et al.
documented six presymptomatic cases, captured due to
family history of WD. We observed a total of sixteen pres-
ymptomatic cases. Although six presymptomatic patients
from our cohort overlap with Jimenez et al. due to prior
clinical diagnosis between 2002 and 2006, there is an
increase of at least 30% of patients being captured
presymptomatically.19 Mortality decreased from six cases
to one case between the two studies.19

4 | DISCUSSION

In this study, we describe what we have learned about
the genotype and phenotype of the Costa Rican pediatric
population with WD. Since our Institution serves as the
national reference center for Clinical Genetics, Pediatric
Gastroenterology, and Hepatology, we speculate to have
captured nearly all pediatric WD cases in the nation. We
compared data with a previous report from our center to
demonstrate the impact of strategic measures in the
delivery of genetics services.

First, we observed an increase in presymptomatic
detection attributable to familial cascade genetic screen-
ing.23 Expanded cascade screening identified 16 pres-
ymptomatic patients with family history of WD. Earlier
detection was possible with molecular testing for ATP7B
genetic variants. We hypothesize early diagnosis and
treatment prevented complications from chronic disease.
In some instances, testing may have spared individuals
from serial clinical evaluations or invasive testing. Since
individuals with pathogenic variants in one allele can
have slightly altered biochemical parameters, molecular
testing may be helpful to distinguish between affected
and carrier status. Future efforts to include the adult pop-
ulation could contribute to further characterize of the
Costa Rican WD population.

Second, the number of pediatric cases identified over
time was similar between Jimenez et al. (2009) and our
cohort. Interestingly, a higher prevalence of cases in the
central province of San José is consistent with prior

FIGURE 2 Genotype-phenotype

correlation. Comparison of homozygous

p.Asn1270Ser phenotypes (n = 20) to

heterozygous phenotypes (n = 14) in

pediatric patients with Wilson disease

(Chi-squared, P < .05)
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reports and cases described here are moderately geneti-
cally homogenous.6,24 Explanations for the higher inci-
dence of WD in our population combined with a higher
central region prevalence and a more genetically homog-
enous population, include consanguinity and a possible
founder effect.11 Interestingly, the first reports of the p.
Asn1270SSer variant were documented in the Mediterra-
nean region (Sicily and Turkey) and later in Costa
Rica.11,12,25 This missense variant has since been identi-
fied in various populations across the globe, specifically
in Latino, Asian, African, and European populations.26

Rare recessive conditions, like WD, tend to be enriched
in smaller, more genetically isolated populations.27 Foun-
der effects are somewhat common among humans and
have been identified before in Costa Rica.7,27 However,
the haplotype from a single common ancestor must be
identified to determine if there is a founder effect
for WD.11

Third, we observed that all pediatric cases with ALF
had homozygous p.Asn1270Ser pathogenic variants. We
find this observation noteworthy since the p.Asn1270Ser
missense variant is located in the ATP hinge domain,
which may be essential for protein function. Previous
functional studies in Saccharomyces cerevisiae docu-
mented that wild type and other missense variants rescue
delta ccc2, the yeast homologue of ATP7B,8 yet, the p.
Asn1270Ser mutant could not rescue functionality of
delta ccc2.8 Therefore, we hypothesize that the p.
Asn1270Ser variant may have a highly deleterious effect,
however, mutation status has not been demonstrated to
relate to more severe phenotypes.28,29

As genetic services in Costa Rica continue to grow,
genetic knowledge continues to expand, and clinical
applications increase, strategies to deliver services can be
optimized for our population. Delivery of clinical services
in the future may include widespread molecular screen-
ing in regions with high prevalence and copy number
variant detection to improve sensitivity. Genetic sequenc-
ing offers the potential to be diagnostic, especially in
cases where biochemical parameter interpretation is chal-
lenging. Molecular testing for more common recessive
conditions in our nation has contributed to population
characterization and earlier detection. We hope that our
ongoing efforts lead to optimized molecular and bio-
chemical screening for WD in Costa Rica.
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