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Established Facts

•	 Atypical late onset manifestations of galactosemia are rarely reported.
•	 The coexistence of rare genetically transmitted diseases may be seen in countries where consanguine-

ous marriages are common.
•	 It should be kept in mind that blood transfusions can lead to false-normal GALT enzyme activity mea-

surements.

Novel Insights

•	 To the best of our knowledge, this is the first case of coexisting galactosemia and Wilson disease to be 
reported in the literature.

•	 We report on an atypical late onset manifestation of galactosemia as a rarely reported condition.
•	 Our case suggests that in the presence of findings that cannot be explained by a single disease, the pres-

ence of other diseases should be investigated.

DOI: 10.1159/000524004

Keywords
Galactosemia · Wilson disease · Atypical manifestation · 
Coexistence · Expanded genetic analysis

Abstract
Introduction: Classic galactosemia is a disorder of the galac-
tose metabolism and is inherited as an autosomal recessive 
disease. It is caused by a complete or severe deficiency of 
galactose-1-phosphate uridyltransferase (GALT), and in rare 
cases, atypical galactosemia can manifest at older ages. Wil-
son disease (WD) is a disorder of the copper metabolism 
that, like galactosemia, is inherited as an autosomal reces-

sive disease. Hepatic, neurological, or psychiatric symptoms 
can be seen, independently or in combination, and symp-
toms vary from family to family. We present here a patient 
diagnosed with both WD and galactosemia. Case Presenta-
tion: A 6-year-old girl was referred to our center with elevat-
ed transaminase levels and hepatosplenomegaly. The child, 
birthweight of 2,200 g, was born to first-degree consanguin-
eous parents after a full-term uneventful pregnancy and 
was hospitalized in the neonatal period due to indirect hy-
perbilirubinemia, gastrointestinal bleeding, diarrhea lasting 
2 weeks, and elevated liver enzymes. Hepatosplenomegaly 
was evident at the time of admission, a cataract was detect-
ed, and a neuropsychiatric evaluation revealed borderline 
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mental capacity, as well as cognitive and speech retarda-
tion. Metabolic investigations revealed no specific findings 
other than trace positivity of reducing substances in the 
urine. A liver biopsy revealed copper accumulation in hepa-
tocytes and low ceruloplasmin levels. Although WD was sus-
pected in the patient, this diagnosis did not explain the in-
tellectual disability, behavioral disorder, or cataract find-
ings. A genetic analysis revealed homozygous mutations in 
the ATP7B and GALT genes. The galactose-1-phosphate uri-
dyltransferase enzyme level was found to be low, and the 
patient was diagnosed with coexisting WD and galactose-
mia. Conclusion: Coexistences of rare genetically transmit-
ted diseases can be seen in countries where consanguine-
ous marriages are common (Saudi Arabia, Iran, Pakistan, 
etc.), as in our country, Turkey. © 2022 S. Karger AG, Basel

Introduction

Galactosemia is a disorder of the galactose metabolism 
and is inherited as an autosomal recessive disease. Classic 
galactosemia (CG) (OMIM 230400) is caused by a complete 
or severe deficiency of the galactokinase (GALT) enzyme.

Affected babies are born healthy, with symptoms usu-
ally developing in the early days of life upon breastfeed-
ing. Most galactosemia patients present in the neonatal 
period with clinical findings of feeding intolerance, vom-
iting, diarrhea, jaundice, weight loss, and lethargy, while 
hepatomegaly, excessive bleeding, cataract, and E. coli 
septicemia may also develop [Anderson, 2018; Cerone 
and Rios, 2019]. Atypical manifestations of galactosemia 
in children and adults have been reported previously 
[Weits-Binnerts et al., 1993; Kisa et al., 2019; Simpson et 
al., 2019]. Diagnosis is confirmed from measurements of 
galactose-1-phosphate levels and GALT enzyme activity 
and through a molecular genetic analysis [Saudubray et 
al., 2012; Welling et al., 2017; Anderson, 2018].

Wilson disease (WD) is an inherited autosomal reces-
sive disorder of the copper metabolism that is caused by 
an overload of copper in the organs, particularly the liver 
and brain. Hepatic, neurological, or psychiatric symp-
toms, individually or in combination, can be seen but 
may vary from family to family. Studies have shown that 
patients presenting primarily with liver involvement 
findings are younger than those presenting with neuro-
logical symptoms, although both may occur at an early or 
late age [Weiss, 2016; Członkowska et al., 2018].

Herein, we present atypical manifestation of galacto-
semia in a 6-year-old patient diagnosed with WD.

Case Report

A 6-year-old Turkish girl was referred to our center with ele-
vated transaminase levels and hepatosplenomegaly.

The child was born to first-degree consanguineous parents af-
ter a full-term uneventful pregnancy. Her birth weight was 2,200 g 
(<3rd percentile), body length was 44.5 cm (between the 25th and 
50th percentile), and occipital-frontal circumference (OFC) was 
33.5 cm (50th percentile; percentiles according to growth charts of 
Fenton [2013]). She had been hospitalized in the neonatal period 
due to indirect hyperbilirubinemia (total bilirubin: 18.6 mg/dL; 
direct bilirubin: 1.1 mg/dL), gastrointestinal bleeding, diarrhea 
lasting 2 weeks, and elevated liver enzymes. She received an eryth-
rocyte transfusion in the neonatal period due to a reduced hemo-
globin level (9.6 g/dL). At that time, urinary reducing substances, 
urine sugar chromatography, and GALT enzyme activity were 
found to be normal. She had been fed via a nasogastric tube for 2 
years due to feeding intolerance and failure to thrive when she was 
2 years old. She was followed-up until the age of 4, but no result 
could be reached, and the family discontinued the follow-up.

Upon physical examination, her weight was 18 kg (10–25th 
percentile for age), and height was 120 cm (3–10th percentile for 
age). Hepatosplenomegaly was evident, a cataract was detected, 
and a neuropsychiatric evaluation revealed borderline mental ca-
pacity and cognitive and speech retardation. Other system exami-
nations were unremarkable.

Laboratory investigations revealed elevated transaminases (as-
partate aminotransferase [AST] 142 U/L [RR:0–35], alanine ami-
notransferase [ALT] 194 U/L [RR:0–35]) and low ceruloplasmin 
(0.03/0.04 g/L; RR:0.23–0.48) levels. No cholestasis was detected, 
and blood glucose was normal. Metabolic investigations revealed 
no specific finding other than trace positivity for reducing sub-
stances in the urine.

An abdominal ultrasonography revealed no pathological find-
ings in the liver or spleen, and cranial magnetic resonance imaging 
was normal. The 24-h urine copper level was normal, while a liver 
biopsy revealed a copper accumulation in hepatocytes (hepatic 
copper concentration: 380 μg/g dry weight), a cytoplasmic enlarge-
ment of hepatocytes, and occasional glycogenated nuclei. Based on 
the finding of low ceruloplasmin levels and liver biopsy, WD was 
suspected in the patient. Whole ATP7B gene sequencing was per-
formed with a pre-diagnosis of WD using an Illumina MiSeq next-
generation sequencing (NGS) system, and the results were evalu-
ated using Qiagen Clinical Insight (QCI) interpretation software. 
The sequence analysis of the ATP7B gene revealed a homozygous 
NM_000053.4:c.2293G>A (p.Asp765Asn) variant in the ATP7B 
gene that had previously been reported as pathogenic according to 
the American College of Medical Genetics and Genomics (ACMG) 
criteria. Penicillamine treatment was initiated, and she was fol-
lowed-up with the diagnosis of WD.

In the clinical follow-up of the patient, significant mental re-
tardation, behavioral disorder, and cataract findings that were 
incompatible with the WD diagnosis were detected. No Kayser-
Fleischer rings were observed. An expanded genetic analysis was 
performed to evaluate the etiology, and a homozygous 
NM_000155.4:c.1018G>T (p.Glu340Ter) nonsense pathogenic 
mutation in the GALT gene was detected (Fig. 1b). Despite GALT 
enzyme activity being found to be normal in the neonatal period, 
the GALT enzyme level was reassessed and was found to be low 
at 0.07 μmol/mL.h (RR:4–12). The patient was diagnosed with 
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coexisting WD and galactosemia and was started on a galactose-
free diet and appropriate doses of calcium and vitamin D supple-
ments.

Expanded Genetic Analysis
DNA was extracted from the peripheral leukocytes of the pa-

tient using an IprepTM PureLink® gDNA Blood Kit (Invitrogen, 
Carlsbad, CA, USA), in accordance with the manufacturer’s pro-
tocol.

The patient underwent targeted NGS panel sequencing for 450 
different inherited metabolic diseases (online suppl. Table 1; for 
online suppl. material, see www.karger.com/doi/10.1159/524004) 
using Ion AmpliSeqTM Library Kit Plus (Life Technologies, Guil-
ford, CT, South San Francisco, CA, USA) kits – ready-to-go analy-
sis kits that include 1,269 primer pairs for gene sequencing, for 
which we used an Ion GeneStudio S5 platform (Life Technologies). 
An Ion Torrent 540 Chip (Life Technologies) was used for the anal-
yses, which were successful with an overall 100% reads on target, 
100× coverage of 99.99%, and 20× coverage of 99.99%. The results 
were investigated with an Integrated Genomic Viewer [Robinson 
et al., 2011], with the human genome 19 used as the reference. An 
ingenuity variant analysis was used to filter the variants. The ACMG 
guidelines were followed for variant interpretation [Richards et al., 
2015]. PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/), SIFT 
(https://sift.bii.a-star.edu.sg/), and MutationTaster (https://www.
mutationtaster.org/) were used for in silico analysis, revealing prob-
ably damaging, damaging, and disease causing, respectively. The 
population frequency of the variant was evaluated based on data 
from the Genome Aggregation Database (https://gnomad.broadin-
stitute.org/), and while this variant has no gnomAD exomes entry, 
its locus is covered under gnomAD exomes.

Results and Discussion

We report here on a patient with an atypical late pre-
sentation of galactosemia with coexisting WD. Although 
the patient had a history of hospitalization in the neonatal 
period with findings compatible with galactosemia, her 
normal GALT activity and urine sugar chromatography 
ruled out the differential diagnosis of galactosemia. How-
ever, in cases where patients receive blood transfusions 
upon the development of an acute condition, as in our 
patient, GALT activity can be normal up to 4 months 
post-transfusion [Sokol et al., 1989; Pasquali et al., 2018]. 
Another interesting finding in the presented case suggests 
that an expanded genetic analysis should be considered if 
the findings of a patient do not precisely explain the clin-
ical features of the disease, especially in countries where 
consanguineous marriages are common.

Classic galactosemia can be identified by newborn 
screening (NBS) through the measurement of GALT en-
zyme activity [Pyhtila et al., 2014; Lak et al., 2020], although 
it has been reported that NBS can overlook some patients 
with galactosemia. A definitive diagnosis is made based on 
the measurement of galactose-1-phosphate levels and 
GALT enzyme activity and through a molecular genetic 
analysis [Anderson, 2018; Cerone and Rios, 2019]. In 
countries where NBS is not implemented for galactosemia 

a b

Fig. 1. a Genetic analysis revealed a homozygous c.2293G>A (p.Asp765Asn) variant in the ATP7B gene. b A ho-
mozygous c.1018G>T (p.Glu340Ter) variant in the GALT gene was also detected.
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(Egypt, Iran, Iraq, Pakistan, Tunisia, etc.), like in Turkey, 
clinical findings and disease suspicion represent the first 
stage of a diagnosis [Romeo and Bittles, 2014; Kotb et al., 
2019]. Galactosemia patients usually present in the first 
days of life with the commencement of milk feeding, when 
feeding difficulties, excessive weight loss, vomiting, diar-
rhea, prolonged jaundice, liver failure, cataract, and E. coli 
sepsis can be seen [Saudubray et al., 2012; Anderson, 2018; 
Cerone and Rios, 2019]. In our patient, while clinical find-
ings of galactosemia such as feeding difficulties, excessive 
weight loss, cataract, and elevated transaminase levels were 
all detected, the normal GALT activity and urine sugar 
chromatography recorded in the neonatal period led to the 
diagnosis of galactosemia being delayed. Our case suggests 
that blood transfusion can lead to false-normal GALT  
enzyme activity. As the homozygous c.1018G>T (p.Glu-
340Ter) variant identified in the GALT gene is located at 
the end of the C-terminus of the protein, affecting the last 
36 amino acids, the resultant protein may have partial cat-
alytic activity, leading GALT enzyme activity to be read as 
normal [Gathof et al., 1995]. Kisa et al. [2019] reported 2 
siblings with the homozygous c.1018G>T (p.Glu340Ter) 
variant in the GALT gene who presented with severe phe-
notype on the 5th and 27th day of life. We believe that the 
reporting of the phenotype of these patients led us to better 
understand the genotype-phenotype relationship.

Although most CG patients present with severe clini-
cal manifestation in early infancy, rare cases of late-onset 
atypical CG have been reported. Simpson et al. [2019] 
reported a case of atypical classic galactosemia diagnosed 
at the age of 7 years with findings of poor academic per-
formance at school and vision problems due to bilateral 
cataracts. The patient had a family history of galactose-
mia, and the CG diagnosis was confirmed through a ge-
netic analysis. Kisa et al. [2019] evaluated 76 galactose-
mia- diagnosed patients in Turkey and reported a maxi-
mum age at the time of diagnosis of 2 years, supporting 
the implementation of NBS for galactosemia, and draw-
ing attention to the late diagnosis of galactosemia patients 
in our country, where inherited metabolic diseases are 
common. Finally, Weits-Binnerts et al. [1993] reported a 
patient diagnosed with galactosemia at the age of 22 years.

WD is an inherited disorder that is linked to the cop-
per metabolism in which an accumulation of copper in 
the organs, particularly the liver, is seen. Liver involve-
ment is the most common manifestation of the disease, 
and most patients present with hepatic and/or neurolog-
ical symptoms. In laboratory investigations, low cerulo-
plasmin and serum copper levels and elevations in uri-
nary copper and increased liver copper are detected. Since 

each of these parameters may be considered abnormal in 
other situations, they should be evaluated together. Uri-
nary copper excretion over 24 h is increased in symptom-
atic patients but may be normal or slightly elevated in 
pre-symptomatic patients [Mulligan and Bronstein, 
2020]. In our patient, elevated transaminases, low cerulo-
plasmin levels, as well as copper accumulation in the he-
patocytes suggested WD, although the patient’s 24-h uri-
nary copper excretion was normal. A genetic analysis in 
which a homozygous mutation in the ATP7B gene was 
revealed led to a WD diagnosis. WD can appear with a 
wide range of psychiatric and cognitive symptoms, such 
as cognitive impairment, executive function impairment, 
mood disorder, and psychosis. The symptoms can devel-
op at any stage of the illness. Movement disorders (trem-
ors, poor coordination, loss of fine-motor control, cho-
rea, choreoathetosis) and rigid dystonia (mask-like facial 
expressions, rigidity, gait disturbance, pseudobulbar in-
volvement) are common neurological presentations, 
along with depression, neurotic behavior, and personal-
ity disorganization, while intellectual deterioration is a 
rarer manifestation [Członkowska et al., 2018]. In the 
present case, the cataracts and the significant mental re-
tardation, behavioral disorder, and cognitive and speech 
retardation were incompatible with WD.

Particularly in countries where consanguineous mar-
riages are common, simultaneous rare diseases are seen 
together in the same patient [Zlotogora, 2007]. Although 
the co-occurrence of 2 rare diseases is uncommon, recent 
years have seen an increase in reports of such cases with 
the development of genetic analysis methods, such as 
whole-exome sequencing and expanded genetic analysis. 
Posey et al. [2017] reported that 2 or more molecular di-
agnoses can be detected in 4.9% of patients with whole-
exome sequencing. Hannah-Shmouni et al. [2021] re-
ported on 8 dual diagnoses of 2 hereditary disorders, in 
which all the patients were found to have phenotypes that 
were incompatible with the first illness, prompting the 
search for a second genetic diagnosis. Dual molecular di-
agnostics entail the unique or overlapping clinical diag-
nosis of more than one genetic locus that segregates inde-
pendently, and that is important in the resolution of com-
plex cases. Our patient’s clinical presentation, mental 
retardation, behavioral disorder, and cataract were in-
compatible with a diagnosis of WD, which led us to look 
for a co-occurring disease. Galactosemia was subsequent-
ly diagnosed following an expanded genetic analysis.

In conclusion, our case suggests that the coexistence of 
rare genetically transmitted diseases may be seen in coun-
tries where consanguineous marriages are common, such 
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as in our country. In the presence of findings that cannot 
be explained by a single disease, the presence of other dis-
eases should be investigated.
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