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Summary

Clinical characteristics

The term "galactosemia” refers to disorders of galactose metabolism that include classic galactosemia, clinical
variant galactosemia, and biochemical variant galactosemia (not covered in this chapter). This GeneReview

focuses on:

« Classic galactosemia, which can result in life-threatening complications including feeding problems,
failure to thrive, hepatocellular damage, bleeding, and E coli sepsis in untreated infants. If a lactose-
restricted diet is provided during the first ten days of life, the neonatal signs usually quickly resolve and
the complications of liver failure, sepsis, and neonatal death are prevented; however, despite adequate
treatment from an early age, children with classic galactosemia remain at increased risk for developmental
delays, speech problems (termed childhood apraxia of speech and dysarthria), and abnormalities of motor
function. Almost all females with classic galactosemia manifest hypergonadatropic hypogonadism or
premature ovarian insufficiency (POI).

« Clinical variant galactosemia, which can result in life-threatening complications including feeding
problems, failure to thrive, hepatocellular damage including cirrhosis, and bleeding in untreated infants.
This is exemplified by the disease that occurs in African Americans and native Africans in South Africa.
Persons with clinical variant galactosemia may be missed with newborn screening as the
hypergalactosemia is not as marked as in classic galactosemia and breath testing is normal. If a lactose-
restricted diet is provided during the first ten days of life, the severe acute neonatal complications are
usually prevented. African Americans with clinical variant galactosemia and adequate early treatment do
not appear to be at risk for long-term complications, including POL
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Diagnosis/testing

The diagnosis of classic galactosemia and clinical variant galactosemia is established by detection of elevated
erythrocyte galactose-1-phosphate concentration, reduced erythrocyte galactose-1-phosphate uridylyltranserase
(GALT) enzyme activity, and/or biallelic pathogenic variants in GALT.

In classic galactosemia, erythrocyte galactose-1-phosphate is usually >10 mg/dL and erythrocyte GALT enzyme
activity is absent or barely detectable. In clinical variant galactosemia, erythrocyte GALT enzyme activity is close
to or above 1% of control values but probably never >10%-15%. However, in African Americans with clinical
variant galactosemia, the erythrocyte GALT enzyme activity may be absent or barely detectable but is often
much higher in liver and in intestinal tissue (e.g., 10% of control values).

Virtually 100% of infants with classic galactosemia or clinical variant galactosemia can be detected in newborn
screening programs that include testing for galactosemia in their panel. However, infants with clinical variant
galactosemia may be missed if the program only measures blood total galactose level and not erythrocyte GALT
enzyme activity.

Management

Treatment of manifestations: Standard of care in any newborn who is "screen-positive" for galactosemia is
immediate dietary intervention while diagnostic testing is under way. Once a diagnosis is confirmed, restrlctlon
of galactose intake is continued and all milk products are replaced with lactose-free formulas (e.g., Tsomil® or
Prosobee®) containing non-galactose carbohydrates; dietary restrictions on all lactose-containing foods and
other dairy products should continue throughout life, although management of the diet becomes less important
after infancy and early childhood. In rare instances, cataract surgery may be needed in the first year of life.
Childhood apraxia of speech and dysarthria require expert speech therapy. Developmental assessment at age one
year by a psychologist and/or developmental pediatrician is recommended in order to formulate a treatment
plan with the speech therapist and treating physician. For school-age children, an individual education plan
and/or professional help with learning skills and special classrooms as needed. Hormone replacement therapy as
needed for delayed pubertal development and/or primary or secondary amenorrhea. Stimulation with follicle-
stimulating hormone may be useful in producing ovulation in some women.

Prevention of secondary complications: Recommended calcium, vitamin D, and vitamin K intake to help prevent
decreased bone mineralization; standard treatment for gastrointestinal dysfunction.

Surveillance: Biochemical genetics clinic visits every three months for the first year of life or as needed depending
on the nature of the potential acute complications; every six months during the second year of life; yearly
thereafter. Routine monitoring for: the accumulation of toxic analytes (e.g., erythrocyte galactose-1-phosphate
and urinary galactitol); cataracts; speech and development; movement disorder; POI; nutritional deficiency; and
osteoporosis.

Agents/circumstances to avoid: Breast milk, proprietary infant formulas containing lactose, cow's milk, dairy
products, and casein or whey-containing foods; medications with lactose and galactose.

Evaluation of relatives at risk: To allow for earliest possible diagnosis and treatment of at-risk sibs:

o Perform prenatal diagnosis when the GALT pathogenic variants in the family are known; or
o If prenatal testing has not been performed, test the newborn for either the family-specific GALT
pathogenic variants or erythrocyte GALT enzyme activity.

Pregnancy management: Women with classic galactosemia should maintain a lactose-restricted diet during
pregnancy.
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Genetic counseling

Classic galactosemia and clinical variant galactosemia are inherited in an autosomal recessive manner. Couples
who have had one affected child have a 25% chance of having an affected child in each subsequent pregnancy.
Molecular genetic carrier testing for at-risk sibs and prenatal testing for pregnancies at increased risk are an
option if the GALT pathogenic variants in the family are known. If the GALT pathogenic variants in a family are
not known, prenatal testing can rely on assay of GALT enzyme activity in cultured amniotic fluid cells.

GeneReview Scope

Galactosemia: Included Phenotypes !

o Classic galactosemia
o Clinical variant galactosemia

For synonyms and outdated names see Nomenclature.
1. The biochemical variant form of galactosemia is exemplified by Duarte variant galactosemia (see also Genetically Related Disorders)
[Berry 2012].

Diagnosis

An international clinical guideline addressing management has been published [Welling et al 2017] (full text).

Scenarios

Scenario 1 - Abnormal Newborn Screening (NBS) Result

NBS for classic galactosemia and clinical variant galactosemia is primarily based on quantification of the
following analytes and/or enzymatic testing, depending on the state:

o Total content of erythrocyte galactose-1-phosphate and blood galactose concentration; and/or
 Erythrocyte GALT enzyme activity

Total erythrocyte galactose-1-phosphate and blood galactose concentration values above the cutoff reported by
the screening laboratory are considered positive and require follow-up testing in a biochemical genetics
laboratory.

In classic galactosemia

 Erythrocyte galactose-1-phosphate may be as high as 120 mg/dL, but is usually >10 mg/dL in the newborn
period. When the affected individual is on a lactose-free diet, the level is >1.0 mg/dL. Normal level of
erythrocyte galactose-1-phosphate is <1 mg/dL.

« Plasma free galactose is usually >10 mg/dL, but may be as high as 90-360 mg/dL (5-20 mmol/L).

« Galactose-1-phosphate uridylyltranserase (GALT) enzyme activity is absent or barely detectable.

In clinical variant galactosemia

« Erythrocyte galactose-1-phosphate is usually >10 mg/dL. When the affected individual is on a lactose-free
diet, the level is usually <1.0 mg/dL. Normal level of erythrocyte galactose-1-phosphate is <1 mg/dL.

« Plasma free galactose is usually >10 mg/dL, but may be as high as 90-360 mg/dL (5-20 mmol/L).

 Erythrocyte GALT enzyme activity is close to or above 1% of control values but probably never
>10%-15%.


https://www.ncbi.nlm.nih.gov/books/n/gene/duarte-gal/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5306419/
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Note: In African Americans with clinical variant galactosemia, the erythrocyte GALT enzyme activity may
be absent or barely detectable but is often much higher in liver and in intestinal tissue (e.g., 10% of control
values).

In certain populations (e.g., African Americans with hypomorphic alleles including p.Ser135Leu/
Ser135Leu), erythrocyte GALT enzyme activity may be absent or barely detectable.

Dietary intervention - including replacing all milk products with lactose-free formulas (e.g., Isomil® or
Prosobee®) containing non-galactose carbohydrates — needs to begin immediately on receipt of an abnormal
NBS result while additional testing is performed to determine whether it is a true positive NBS result and to
establish the diagnosis of classic galatosemia or clinical variant galatosemia definitively.

Scenario 2 - Symptomatic Individual

A symptomatic individual who has either atypical findings, untreated infantile-onset classic galactosemia, or
clinical variant galactosemia may present as a result of any of the following: NBS not performed; false negative
NBS result; caregivers not adherent to recommended treatment following a positive NBS result.

Supportive clinical findings can include the following:

 Untreated infant:
o Feeding problems
o Failure to thrive
o Liver failure
o Bleeding
o E coli sepsis
o Untreated older person:
o Developmental delay
o Speech problems
o Abnormalities of motor function, including extrapyramidal findings with ataxia
o (Cataracts
o Liver failure/cirrhosis
o Premature ovarian failure in females

Family history is consistent with autosomal recessive inheritance (e.g., affected sibs and/or parental
consanguinity). Absence of a known family history does not preclude the diagnosis.

Establishing the Diagnosis

The diagnosis of classic galactosemia or clinical variant galactosemia is established in a proband by detection of
elevated erythrocyte galactose-1-phosphate concentration, reduced erythrocyte galactose-1-phosphate
uridylyltranserase (GALT) enzyme activity, and/or biallelic pathogenic variants in GALT (Table 1).

Molecular genetic testing approaches include single-gene testing:

« Sequence analysis of GALT is performed first and followed by gene-targeted deletion/duplication
analysis if only one or no pathogenic variant is found.

 Targeted analysis for common pathogenic variants can be performed first in individuals of European or
African ancestry (see Table 1). This approach is most efficient when testing large numbers of samples (e.g.,
carrier screening or newborn screening).
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Table 1. Molecular Genetic Testing Used in Classic Galactosemia and Clinical Variant Galactosemia

Proportion of Probands with Pathogenic

1 P g

Gene Method Variants 2 Identified by Method
Targeted analysis > 4 ~90% > ©

GALT Sequence analysis 7 >95% 8

Gene-targeted deletion/duplication

.9 See footnotes 4, 10.
analysis

1. See Table A. Genes and Databases for chromosome locus and protein.

2. See Molecular Genetics for information on variants detected in this gene.

3. Common pathogenic variants include those associated with classic galactosemia — p.Gln188Arg, p.Lys285Asn, p.Leul95Pro,
p-Tyr209Cys, p.Phel71Ser, and ¢.253-2A>G (common in Hispanics) [Elsas & Lai 1998], the p.Ser135Leu pathogenic variant associated
with clinical variant galactosemia, and the D) Duarte (c.[940A>G;-119_116delGTCA]) pathogenic variant, almost always associated
with biochemical variant galactosemia (see Genetically Related Disorders).

4. The 5.2-kb deletion is common in the Ashkenazim (see Molecular Genetics).

5. Pathogenic variants included in targeted variant panels may vary by laboratory; detection rates will vary accordingly.

6. In individuals with biochemically confirmed classic galactosemia and clinical variant galactosemia [Elsas & Lai 1998]

7. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include missense, nonsense, and splice site variants and small intragenic deletions/insertions; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

8. Tyfield et al [1999]

9. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications.

10. No data on detection rate of gene-targeted deletion/duplication analysis are available.

Clinical Characteristics

Clinical Description

Galactosemia caused by deficiency of the enzyme galactose-1-phosphate uridylyltranserase (GALT) may be
divided into three clinical/biochemical phenotypes: (1) classic galactosemia, (2) clinical variant galactosemia,
and (3) biochemical variant galactosemia (not covered in this GeneReview; see, for example, Duarte Variant
Galactosemia). This categorization is based on residual erythrocyte GALT enzyme activity; the levels of galactose
metabolites (e.g., erythrocyte galactose-1-phosphate and urine galactitol) that are observed both oft and on a
lactose-restricted diet; and, most importantly, the likelihood that the affected individual will develop acute and
chronic long-term complications. This categorization allows for proper counseling of the parents of an infant
with galactosemia, especially regarding the so-called diet-independent complications.

Classic Galactosemia

Scenario 1 - Abnormal newborn screening (NBS) result and prompt initiation of appropriate management
in the neonatal period

Within days of ingesting breast milk or lactose-containing formulas, infants with classic galactosemia develop
life-threatening complications including feeding problems, failure to thrive, hypoglycemia, hepatocellular
damage, bleeding diathesis, and jaundice (see Table 2).

If a lactose-free diet is provided during the first three to ten days of life, the signs of classic galactosemia resolve
quickly and prognosis for prevention of liver failure, E coli sepsis, and neonatal death is good. Failure to
implement effective newborn screening may have catastrophic consequences such as liver failure [Malone et al
2011].


https://www.ncbi.nlm.nih.gov/books/n/gene/app2/
https://www.ncbi.nlm.nih.gov/books/n/gene/duarte-gal/
https://www.ncbi.nlm.nih.gov/books/n/gene/duarte-gal/
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Long-term outcome. Even with early and adequate therapy, the long-term outcome in older children and adults
with classic galactosemia can include cataracts, speech defects, poor growth, poor intellectual function,
neurologic deficits (predominantly extrapyramidal findings with ataxia), and, in females, hypergonadotropic
hypogonadism or premature ovarian insufficiency (POI) [Rubio-Gozalbo et al 2019].

Classic galactosemia is associated with extreme variability in chronic complications and/or long-term outcome.
Even individuals who have not been sick in the newborn period and who were begun on a lactose-free diet from
birth (e.g., those with a prior affected sib in the family) may manifest language delay, speech defects, learning
disabilities, cognitive impairment, and in females, POI. These problems may manifest as early as age one to two
years, and in almost all instances, no findings that would have predicted eventual brain and ovarian dysfunction
were present in early infancy. A minority of individuals may exhibit documented neurologic abnormalities
including tremor (postural or intentional), cerebellar ataxia, and dystonia. No findings early in the disease
course are good predictors of these long-term complications. Overall, the quality of life is reduced in adults with
classic galactosemia, and more so when compared to individuals with phenylketonuria (PKU) [Gubbels et al
2011, ten Hoedt et al 2011, Hoffmann et al 2012].

Scenario 2 - Symptomatic individual with untreated classic galactosemia (resulting from NBS not
performed or false negative NBS result)

If classic galactosemia is not treated, sepsis with E coli, shock, and death may occur [Levy et al 1977]. Infants
who survive the neonatal period and continue to ingest lactose may develop severe brain damage [Otaduy et al
2006].

Table 2. Frequency of Specific Findings in Symptomatic Neonates with Classic Galactosemia

g % of Affected . .
Finding Nizoieizzn oo Additional Details

Jaundice (74%)

Hepatomegaly (43%)
Hepatocellular damage 89% Abnormal liver function tests (10%)
Coagulation disorders (9%)
Ascites (4%)
Vomiting (47%)
Food intolerance 76% Diarrhea (12%)
Poor feeding (23%)
Failure to thrive 29%
Lethargy 16%
Seizures 1%
E coli (26 cases)
Klebsiella (3)
. Enterobacter (2)
0,
Sepsis 10% Staphylococcus (1)

Beta-streptococcus (1)
Streptococcus faecalis (1)

From a survey reporting findings in 270 symptomatic neonates [Waggoner et al 1990]

If the diagnosis of classic galactosemia is not established, the infant who is partially treated with intravenous
antibiotics and self-restricted lactose intake demonstrates relapsing and episodic jaundice and bleeding from
altered hemostasis concomitant with the introduction of lactose. If treatment is delayed, complications such as
growth restriction and progressive liver disease are likely. Rare affected individuals may develop vitreous
hemorrhages that may produce blindness [Levy et al 1996, Takci et al 2012].


https://www.ncbi.nlm.nih.gov/books/n/gene/pku/
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Long-term outcome. Information on long-term outcomes was initially reported by Waggoner et al [1990] as the
result of a retrospective, cross-sectional survey of 270 individuals with classic galactosemia. The largest outcome
study involving 507 people with classic galactosemia was published by the international GalNet registry or
consortium [Rubio-Gozalbo et al 2019]. To summarize, the data on long-term outcome indicate that
complications involving the nervous system and ovarian function do not correlate with any of the well-known
biochemical variables (e.g., erythrocyte galactose-1-phosphate levels); furthermore, manifestations of one or
more of these complications vary even among individuals with the same genotype associated with classic
galactosemia (see Table 3) [Doyle et al 2010, Schadewaldt et al 2010, Hoffmann et al 2011, Krabbi et al 2011,
Coss et al 2012, Waisbren et al 2012, Frederick et al 2017].

« Intellectual development. Of 177 individuals age six years or older with no obvious medical causes for
developmental delay other than galactosemia, 45% were described as developmentally delayed.

o The mean IQ scores of the individuals as a group declined slightly (4-7 points) with increasing age.

o Studies of Dutch individuals at various ages using a quality-of-life questionnaire indicated
subnormal cognitive outcomes [Bosch et al 2004b].

Speech problems were reported in 56% (136/243) of individuals age three years or older.

o More than 90% of individuals with speech problems were described as having delayed vocabulary
and articulation problems. The speech problems resolved in only 24%.

© A more formal analysis found speech problems in 44% of individuals; 38% had a specific diagnosis
including childhood apraxia of speech [Robertson & Singh 2000, Webb et al 2003 ].

o Speech defects are heterogeneous (involving both central defects and motor abnormalities) and
evolve with time [Potter et al 2013].

o The developmental quotients and IQ scores observed in individuals with speech disorders as a
group were significantly lower than those of individuals with normal speech, although some
individuals with speech problems tested in the average range.

Motor function. Among individuals older than age five years, 18% had fine motor tremors and problems
with coordination, gait, and balance.

o Severe ataxia was observed in two teenagers.

o Adults manifested tremors, dysarthria, cerebellar ataxia, and dystonia [Waisbren et al 2012, Rubio-
Agusti et al 2013].

Gonadal function in females. Of 47 girls and women, 81% had signs of POL.

o The mean age at menarche was 14 years with a range from ten to 18 years.

o Eight of 34 women older than age 17 years (including 2 with "streak gonads") had primary
amenorrhea.

o Most women developed oligomenorrhea and secondary amenorrhea within a few years of
menarche.

o Only five of 17 women older than age 22 years had normal menstruation. Two, who gave birth at
ages 18 and 26 years, had never experienced normal menstrual periods.

o Guerrero et al [2000] determined that the development of POI in females with galactosemia is more
likely if the following are true:

® The individual is homozygous for p.GIn188Arg.
® The mean erythrocyte galactose-1-phosphate concentration is >3.5 mg/dL during therapy.
m The recovery of 13CO, from whole-body 13C galactose oxidation is reduced below 5% of
administered 13C galactose.
Gonadal function in males

o Normal serum concentrations of testosterone and/or follicle-stimulating hormone and luteinizing
hormone were reported for males. However, the literature has few reports of males with classic
galactosemia who have fathered a child [Panis et al 2006a, Waisbren et al 2012, Gubbels et al 2013].
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o There have been no data to support structural abnormalities in the male reproductive tract that
would lead to infertility; preliminary data suggest an increased prevalence of cryptorchidism and
low semen volume [Gubbels et al 2013].

» Growth. In many individuals, growth was severely delayed during childhood and early adolescence; when
puberty was delayed and growth continued through the late teens, final adult heights were within the
normal range. Decreased height over mean parental height was related to low insulin-like growth factor-I
[Panis et al 2007].

« Cataracts were reported in 30% of 314 individuals.

o Nearly half the cataracts were described as "mild," "transient," or "neonatal” and resolved with
dietary treatment; only eight were treated surgically.

o Dietary treatment had begun at a mean age of 77 days for those with cataracts compared to 20 days
for those without cataracts. However, one of the eight individuals who required cataract surgery was
an infant who had been treated from birth.

Relationship between treatment and outcome. No significant associations were found between treatment and
outcome except for a greater incidence of developmental delay among individuals who were not treated until
after age two months. However, IQ scores were not highly correlated with the age at which treatment began. The
effect of early treatment on outcome was also studied in 27 sibships, three of which had three affected sibs. The
older sibs were diagnosed and treated after clinical symptoms occurred or newborn screening results had been
reported, whereas the younger sibs were treated within two days of birth. Although the younger sibs were treated
early and only one developed neonatal symptoms, the differences in IQ scores among the sibs were not
statistically significant, and the speech and ovarian function of the younger sibs were no better than those of
their older sibs.

« Restriction of milk in the mother's diet during pregnancy was reported for 21 of the 38 infants who were
treated from birth. The long-term outcome of these 21 was no better than that of the 17 individuals whose
intake of mother's milk was not restricted during the pregnancy.

« No significant differences could be observed in the rate of complications between the individuals with
residual enzyme activity and those with no measurable enzyme activity, except that individuals with some
enzyme activity tended to be taller for age.

Individuals with or without neurologic complications. No differences were observed in treatment or
biochemical factors between the 56 individuals with normal intellect, speech, and motor function and the 25
individuals with developmental delay and speech and motor problems.

Relationships of complications. Developmental delay and low IQ scores were associated with speech problems,
motor problems, and delayed growth, but not with abnormal ovarian function.

Sex differences. Females had lower mean IQ scores than males after age ten years (p<0.05) and had lower mean
heights for age at five to 12 years (p<0.05), but did not differ in frequency of speech or motor problems or in the
treatment variables, including age at which treatment began, neonatal illness, or galactose-1-phosphate
erythrocyte concentration. However, the association of problems with intellectual development, speech, and
motor function could also indicate a specific neurologic abnormality in some cases of galactosemia [Schadewaldt
et al 2010].

Clinical Variant Galactosemia

Individuals with variant forms of galactosemia may have some aspects of classic galactosemia, including early
cataracts, liver disease, mild intellectual disability with ataxia, and growth restriction [Fridovich-Keil et al 2011].
Clinical variant galactosemia can result in life-threatening complications in untreated infants, including feeding
problems, failure to thrive, hepatocellular damage (including cirrhosis), and bleeding.
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Clinical variant galactosemia is exemplified by the disease that occurs in African Americans and native Africans
in South Africa with a p.Ser135Leu/Ser135Leu genotype. Neonates with clinical variant galactosemia may be
missed with NBS because the hypergalactosemia is not as marked as in classic galactosemia and breath testing is
normal [Crushell et al 2009].

If a lactose-restricted diet is provided during the first ten days of life, the severe acute neonatal complications
usually do not occur.

To the best of current knowledge, African Americans with clinical variant galactosemia and adequate early
treatment do not develop long-term complications, including POI.

Genotype-Phenotype Correlations

Significant genotype-phenotype correlations have been noted [Shield et al 2000, Tyfield 2000, Demirbas et al
2019]. Although the GALT genotype informs prognosis [Guerrero et al 2000, Webb et al 2003], some confusion
about genotype-phenotype correlations appears to have resulted from the variability of the manifestations and
severity of the chronic complications of classic galactosemia.

Use of the galactosemia classification system in Table 3, employed in the study by Demirbas et al [2019], helps
dispel confusion. The most common pathogenic variants that result in the three galactosemia phenotypes -
classic, clinical variant, and biochemical variant — are shown in Table 3. (See Diagnosis and Genetically Related
Disorders for definitions.)

Table 3. GALT Genotypes and Biochemical/Clinical Phenotypes
Classic Galactosemia Clinical Variant Galactosemia Biochemical Variant Galactosemia

p.[GIn188Arg]+[GIn188Arg] p-[Ser135Leu]+[Ser135Leu] c.[940A>G;-16_119del GTCA]
(Q188R/Q188R) (S135L/8135L) 1 (4bp 5' del + N314D/Q188R) 2

p-[Lys285Asn]+[Lys285Asn]
(K285N/K285N)

p-[Leul95Pro]+[Leul95Pro]
(L195P/L195P)

(A5.2 kb del/ A5.2 kb del) 3

1. The original identification of the p.Ser135Leu pathogenic variant was exclusively in African Americans; however, it is present on
occasion in infants without known African American heritage.

2. Known as "Duarte variant galactosemia" or the "Duarte D, variant”

3. See Table 10, footnote 2.

p-GIn188Arg. Approximately 70% of the alleles in persons with GALT deficiency of northern European ancestry
have a substitution of an arginine for a glutamine at amino acid position 188.

o In the homozygous state, the pathogenic variant interferes with the catalytic reaction. It is associated with
increased risks for POI and childhood apraxia of speech [Robertson & Singh 2000].

o In one cross-sectional retrospective study correlating genotype with outcome in individuals with classic
galactosemia, a greater proportion of individuals with a poor outcome were homozygous for the
p-GIn188Arg pathogenic variant, and a greater proportion with a good outcome were not homozygous for
the p.GIn188Arg pathogenic variant. However, one adult female and one adult male homozygous for the
p.GIn188Arg pathogenic variant who had begun normal lactose intake at age three years exhibited no
worsening of the underlying classic galactosemia phenotype [Lee et al 2003, Panis et al 2006a].

p.Ser135Leu, in which a leucine is substituted for serine at amino acid 135, is prevalent in Africa.


https://www.ncbi.nlm.nih.gov/books/n/gene/duarte-gal/
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o Iftherapy is initiated in the neonatal period, African Americans with galactosemia who have this allele in
the homozygous state have a good prognosis. Generally, these individuals are not prone to E coli sepsis in
the neonatal period or chronic complications (i.e., speech disorder, POI, and intellectual disability) when
treated from infancy [Lai et al 1996].

o Data are limited on outcome in persons who are compound heterozygous (p.[Ser135Leu];[Gln188Arg]);
however, they appear to have fewer complications than individuals with the genotype p.[GIn188Arg]+
[p-Gln188Arg], associated with classic galactosemia.

p-Asn314Asp. The Duarte (D;) variant is the allele in which an aspartate is substituted for asparagine at residue
314 and a second variant in cis configuration (a 4-bp deletion in the promoter region: c.-119_116delGTCA)
results in reduced erythrocyte GALT enzyme activity. The D allele designation is c.
[940A>G;-119_116delGTCA].

« In the homozygous state D erythrocyte GALT enzyme activity is reduced by 50%.

« Compound heterozygotes with D, and a pathogenic variant associated with classic galactosemia have a
good prognosis [Langley et al 1997, Lai et al 1998].

» However, compound heterozygosity for D, (Duarte) and D1 (LA variant) is known to occur. The D allele
has a p.Leu218Leu in cis configuration with the p.Asn314Asp pathogenic variant p.
[Leu218Leu;Asn314Asp], which confers "superactivity” (i.e., heterozygotes have ~117% erythrocyte GALT
activity while homozygotes display ~134% activity).

Other. Substitution of an asparagine for a lysine at position 285 (p.Lys285Asn) is prevalent in southern
Germany, Austria, and Croatia; it is associated with a poor prognosis for neurologic and cognitive function in
either the homozygous state or compound heterozygous state with p.Gln188Arg and is considered classic
galactosemia.

Other compound heterozygotes (e.g., p.[GIn188Arg]+[Arg333Gly]) have a good long-term outcome [Ng et al
2003].

o A clear genotype-phenotype correlation is seen when classic galactosemia with genotypes such as p.
[GIn188Arg]+[GIn188Arg] is compared with clinical variant galactosemia caused by the p.[Ser135Leu]+
[Ser135Leu] genotype. For example, almost all females with the p.[GIn188Arg]+[GIn188Arg] genotype
manifest POI, whereas POI is almost unheard of in African American women with the p.[Ser135Leu]+
[Ser135Leu] genotype. A critical unanswered question is how much residual GALT enzyme activity in
target tissues there must be to eliminate chronic diet-independent complications. To illustrate, cryptic
residual GALT enzyme activity may be a potential modifier of scholastic outcome in school-age children
[Ryan et al 2013].

» While on a lactose-restricted diet, persons with classic galactosemia display erythrocyte galactose-1-
phosphate levels between 1 and 5 mg/dL and urine galactitol levels between 100 and 400 pmol/mmol
creatinine, whereas persons with a p.[Ser135Leu]+[Ser135Leu] genotype usually have an erythrocyte
galactose-1-phosphate level below 1 mg/dL, and urine galactitol that is below 100 umol/mmol creatinine
and often in the normal range [Saudubray et al 2012, Walter & Fridovich-Keil 2014].

 Persons with biochemical variant galactosemia - for example, compound heterozygotes for c.563A>G
(p.GIn188Arg) and D; ¢.[940A>G;-119_116delGTCA] genotype — differ from those with either classic
galactosemia or clinical variant galactosemia: they generally exhibit no signs and symptoms of disease,
only biochemical perturbations.

Note: Many of the more than 300 GALT pathogenic variants have been identified following newborn screening
with little or no long-term follow-up data. In these instances, the term "classic galactosemia" should be applied
with caution or not at all. It would be inappropriate to counsel new parents that their infant will develop one or
more of the chronic complications seen in galactosemia without supportive data.
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Nomenclature
Table 4. The Genetic Hypergalactosemias
Gene Hypergalactosemia Comments
GALK Galactokinase deficiency
GALE Epimerase deficiency galactosemia
GALM Galactose mutarotase deficiency galactosemia

Severe GALT enzyme deficiency w/absent or barely

Classic galactosemia detectable activity in erythrocytes & liver (aka G/G;
carriers aka G/N)
Galactose-1-phosphate Clinical variant 1%-10% residual GALT enzyme activity in erythrocytes
GALT . . . .
uridylyltranserase deficiency galactosemia &/or liver
. . . 15%-33% residual GALT enzyme activity in
Biochemical variant . . . .
alactosemia erythrocytes; incls the Dy Duarte biochemical variant
& state (aka G/D)
Prevalence

Based on the results of newborn screening programs, the prevalence of classic galactosemia is 1:48,000 [National
Newborn Screening and Genetics Resource Center 2014]. However, when erythrocyte GALT enzyme activity
<5% of control activity and erythrocyte galactose-1-phosphate concentration >2 mg/dL are used as diagnostic
criteria, some newborn screening programs record a prevalence of 1:10,000 [Bosch et al 2005].

The frequency of classic galactosemia in Ireland is 1:16,476 [Coss et al 2013].

While it is not possible to provide prevalence data for clinical variant galactosemia, the estimated prevalence of
the p.Ser135Leu/Ser135Leu genotype is 1:20,000 [Henderson et al 2002].

Genetically Related (Allelic) Disorders

Duarte variant galactosemia, an example of biochemical variant galactosemia, is associated with specific
pathogenic variants in GALT.

The Duarte variant (D7) has in cis configuration (i.e., in the same allele) the pathogenic missense variant
p.-Asn314Asp and a GTCA deletion in the promoter region (c.-119-116delGTCA) that impairs a positive
regulatory domain. It is designated c.[940A>G;-119_116delGTCA] (see Table 3).

Note: The Los Angeles (LA) variant (D) has the identical p.Asn314Asp pathogenic missense variant as the
Duarte variant but does not have the GTCA promoter deletion. Instead, it is in cis configuration with the
missense variant p.Leu218Leu. This variant does not cause galactosemia and is associated with increased
erythrocyte GALT enzyme activity [Langley et al 1997, Elsas et al 2002].

In biochemical variant galactosemia:

« Erythrocyte galactose-1-phosphate is usually >1 mg/dL, but may be as high as 35 mg/dL. When the
individual is on a lactose-free diet, the level is <1 mg/dL.
« Residual erythrocyte GALT enzyme activity is usually >15% and, on average, is 25% of control values.

Duarte variant galactosemia, associated with one D) ¢.[940A>G;-119_116delGTCA] and one severe pathogenic
variant, is the most prevalent form of biochemical variant galactosemia. While individuals with this condition
may display elevated galactose levels, most experts agree that dietary therapy is not required [Carlock et al
2019].


https://www.ncbi.nlm.nih.gov/books/n/gene/gale-def/
https://www.ncbi.nlm.nih.gov/books/n/gene/duarte-gal/
https://www.ncbi.nlm.nih.gov/books/n/gene/duarte-gal/
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Differential Diagnosis

The differential diagnosis for neonatal hepatotoxicity includes infectious diseases, obstructive biliary disease, and
metabolic diseases; see Table 4 for selected examples. See Table 5 for other genetic hypergalactosemias.

Note: Establishing the diagnosis of sepsis does not exclude the possibility of galactosemia, as sepsis (particularly
E coli sepsis) occurs commonly in infants with classic galactosemia.

Table 5. Genes of Interest in the Differential Diagnosis of Neonatal Hepatotoxicity

Gene(s)  Disorder MOI Comment

Hereditary fructose May present in infancy w/growth failure, liver disease, renal tubular dysfunction,
ALDOB . AR . )

intolerance & abnormal transferrin glycans as in PMM2-CDG

Severe ATP8BI deficiency
ATP8BI  (progressive familial AR Onset of symptoms of cholestasis (& attacks of jaundice) w/in 1st mos of life
intrahepatic cholestasis)

Usually presents either in young infants w/severe liver involvement or later in 1st

FAH Tyrosinemia type 1 AR yr w/liver dysfunction & renal tubular dysfunction assoc w/growth failure &
rickets
JAGI In most affected persons liver disease presents w/in 1st 3 mos of life; severity of
Alagille syndrome AD liver disease ranges from asymptomatic Ts of liver enzymes to jaundice, chronic
NOTCH2 . . .
cholestasis, & end-stage liver disease.
NECl Manif i i i 1 period & inf: domi ly vi 1, w/
Niemann-Pick disease type C AR anifestations in per%nata ’perlo ' n anc.y are predominantly Ylscera , W,
NPC2 hepatosplenomegaly, jaundice, & (in some instances) pulmonary infiltrates.
SLC25A13 Citrin deficiency AR  Can manifest in newborns or infants as neonatal intrahepatic cholestasis

AD = autosomal dominant; AR = autosomal recessive; CDG = congenital disorders of glycosylation; MOI = mode of inheritance

Table 6. Genes of Interest in the Differential Diagnosis of Hypergalactosemias
Gene(s) Disorder MOI Consider in a Person with: Comment

Liver disease, FTT, & 1 erythrocyte

Epi defici
pumerase derdency galactose-1-phosphate concentrations

galactosemia (UDP-galactose Typically benign peripheral form w/o

GALE 4'-epimerase [GALE] AR but. n'ormal erythrocyte GALT CNEVIIE disease manifestations
deficiency) activity (healthy newborns w/positive
NBS)
1 .
Galactokinase (GALK) Cataracts, ' 1 pla.sma concen.tratlon of No.rrpal erythrocyte GALT enzyme
GALK1 . AR  galactose, & 1 urinary excretion of activity; no accumulation of erythrocyte
deficiency (OMIM 230200) ) .
galactitol; otherwise healthy galactose-1-phosphate
Negative Beutler test (ruling out GALT
deficiency) & normal GALE enzyme
GALM GALM deficiency galactosemia AR Cataracts & T plasma concentration of  activity; galactose-1-phosphate levels on
(OMIM 618881) galactose but otherwise healthy NBS ranged from 0.3 mg/dL to 10.8
mg/dL in affected persons described to
date. 2

FTT = failure to thrive; NBS = newborn screening

1. The cataracts are caused by accumulation of galactose in lens fibers and its reduction to galactitol, an impermeant alcohol that results
in increased intracellular osmolality and water imbibition.

2. Wada et al [2019]


https://www.ncbi.nlm.nih.gov/books/n/gene/hfi/
https://www.ncbi.nlm.nih.gov/books/n/gene/hfi/
https://www.ncbi.nlm.nih.gov/books/n/gene/cdg-1a/
https://www.ncbi.nlm.nih.gov/books/n/gene/pfic/
https://www.ncbi.nlm.nih.gov/books/n/gene/tyrosinemia/
https://www.ncbi.nlm.nih.gov/books/n/gene/alagille/
https://www.ncbi.nlm.nih.gov/books/n/gene/npc/
https://www.ncbi.nlm.nih.gov/books/n/gene/citrin/
https://www.ncbi.nlm.nih.gov/books/n/gene/gale-def/
https://www.ncbi.nlm.nih.gov/books/n/gene/gale-def/
https://omim.org/entry/230200
https://omim.org/entry/618881
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Management

When classic galactosemia or clinical variant galactosemia is suspected during the diagnostic evaluation (i.e.,
due to a positive newborn screen or based on clinical features), dietary intervention should be initiated
immediately. An international clinical guideline addressing management has been published [Welling et al 2017]

(full text).

Evaluations Following Initial Diagnosis in the Newborn Period

To establish the extent of disease and needs in an individual diagnosed with classic galactosemia or clinical
variant galactosemia, the evaluations summarized in Table 7 are recommended.

Table 7. Recommended Evaluations Following Initial Diagnosis of Classic Galactosemia and Clinical Variant Galactosemia

Evaluation

Consultation w/metabolic physician /
biochemical geneticist & specialist metabolic
dietitian 1

Gastroenterology / nutrition / feeding team eval

Eval for hepatocellular disease 2

Developmental assessment

Consultation w/neurologist 3

Consultation w/ophthalmologist

Infectious disease

Consultation w/psychologist &/or social worker

Consider assessment for ovarian dysfunction 4

Genetic counseling by genetics professionals >

MOI = mode of inheritance

Comment

o Transfer to specialist center w/experience in mgmt of inherited
metabolic diseases (strongly recommended)

« Consider short hospitalization at a center of expertise for inherited
metabolic conditions to provide caregivers w/detailed education (natural
history, maintenance & emergency treatment, prognosis).

o Measurement of erythrocyte galactose-1-phoshate concentration &
urinary galactitol as baseline for monitoring of treatment (See Table 8.)

To incl eval of feeding ability & nutritional status

Particularly in affected persons w/late-treated disease who may be at risk for
cirrhosis

« To incl motor, adaptive, cognitive, & speech-language eval
« Eval for early intervention / special education

o Consider EEG if seizures are a concern.
o Consider brain MRI, as needed.

Incl slit lamp exam for cataracts
Low threshold for eval of sepsis/meningitis in symptomatic newborns

To ensure understanding of diagnosis & assess parental / affected person's
coping skills & resources

Depending on age, measurements of gonadotropins in infancy may not be
predictive of future ovarian function.

To inform affected persons & families re nature, MOI, & implications of classic
galactosemia & clinical variant galactosemia to facilitate medical & personal
decision making

1. After a new diagnosis of classic galactosemia or clinical variant galactosemia in a child, the closest hospital and local pediatrician

should also be informed.

2. Assess liver function tests and coagulation factors; obtain liver ultrasound.
3. Consultation with a neurologist and obtaining a brain MRI is very important in establishing the nature of any neurologic deficits and

the corresponding brain lesions.

4. Measurement of follicle-stimulating hormone and luteinizing hormone during minipuberty (between 2 weeks and 3 months of life)
may provide indications of future gonadal health. While controversial, preservation of ovarian tissue has been proposed as a treatment

option for POI [Mamsen et al 2018].

5. Medical geneticist, certified genetic counselor, or certified advanced genetic nurse


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5306419/
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Treatment of Manifestations and Complications

An international clinical guideline addressing management has been published [Welling et al 2017] (full text).

Table 8. Treatment in Individuals with Classic Galactosemia and Clinical Variant Galactosemia

Principle/
Manifestation

Restriction of
dietary lactose
& galactose-
containing
foods

Liver disease
in newborns

DD/ID

Cataracts

POI

Treatment

Remove all milk products from diet,
incl human mild, cow's milk, & most
proprietary infant formulas. 1

Replace infant formulas with soy
formulas, such as Tsomil® or
Prosobee.® 2

Dietary restrictions on all lactose-
containing foods incl cow's milk &
other dairy products should continue
throughout life. 4

Restriction of dietary lactose &
galactose-containing foods

See Developmental Delay / Intellectual
Disability Management Issues.

Standard treatment incl cataract surgery

Standard treatment per endocrinologist
or adolescent OB/GYN

Considerations/Other

Immediate dietary intervention is indicated in infants
whose erythrocyte GALT enzyme activity is <10% of
control activity & whose erythrocyte galactose-1-
phosphate concentration is >10 mg/dL.

« Elemental formulas that contain small
amounts of galactose such as Alimentum,®
Nutramigen,® and Pregestimil® made with
casein hydrolysates have been employed in the
past w/o obvious side effects.

o A formula (Neocate®) that contains neither
free nor bound galactose has been used
without any side effects. 3

o Mgmt of diet is less important after infancy &
early childhood, when milk & dairy products
are no longer primary source of energy.

o Itis debated how stringent diet should be after
infancy, as endogenous galactose production
is an order of magnitude higher than that
ingested from foods other than milk. >

Lactose restriction reverses liver disease in newborns
who already have hepatocellular disease.

Sometimes performed in 1st yr of life, esp in rare
persons where failure to perform NBS has resulted in
delayed diagnosis.

Estrogen & progesterone may need to be given in
minority of instances to promote pubertal
development or (more likely) when secondary
amenorrhea occurs. %7


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5306419/
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Table 8. continued from previous page.

Pr1nc':1p = . Treatment Considerations/Other
Manifestation
Fertility is possible for certain persons w/classic
lactosemia; therefore, adults should be afforded this
imulation w/ESH ful i &2 ; :
Infertility Stimulation w/FSH may be useful in ¢ opportunity & helped to secure consultation

producing ovulation in some women. w/OB/GYN who specializes in infertility & who will

promote conception.

DD = developmental delay; ID = intellectual disability; FSH = follicle-stimulating hormone; NBS = newborn screening; OB/GYN =
obstetrician/gynecologist; POI = premature ovarian insufficiency

1. Because 90% of the newborn's carbohydrate source is lactose and human milk contains 6%-8% lactose, cow's milk 3%-4% lactose,
and most proprietary infant formulas 7% lactose, all of these milk products must be replaced immediately by a formula that is free of
lactose (e.g., Isomil™ or Prosobee®).

2. Soy formulas typically contain sucrose, fructose, and galactose-containing oligosaccharides that cannot be hydrolyzed in the small
intestine.

3. Zlatunich & Packman [2005]

4. Until more prospective evidence-based medicine studies have been performed with a large number of subjects, parents should be
educated about the lifelong need for dietary restriction of cow's milk and dairy products.

5. Berry et al [2004], Bosch et al [2004a], Schadewaldt et al [2004]

6. There is controversy as to whether females should be given estrogen and progesterone early in adolescence to retard "oocyte wastage"
and whether more aggressive treatment plans (similar to those used in oncology) should be employed. In this regard, the autonomy of
the affected female must be respected and, in the case of a pre-adolescent individual, her capacity for making an informed decision
taken into consideration. Hospital ethics boards should be involved in any decision making and each case treated individually [van
Erven et al 2013].

7. The consideration of ovarian biopsy with oocyte preservation for future use in females with classic galactosemia and premature
ovarian insufficiency (POI) is controversial. If this type of procedure (which is becoming more common for females undergoing cancer
chemotherapy) is being considered, consultation with the hospital ethics committee is recommended.

8. One female with POI conceived following follicle-stimulating hormone therapy, and subsequently delivered a normal child [Menezo
et al 2004]. Others have found that POI in classic galactosemia may be caused by reduced number or maturation of ovarian follicles
and in some instances may be potentially treatable by exogenous pharmacologic stimulation with gonadotropic hormones [Rubio-
Gozalbo et al 2010].

Developmental Delay / Intellectual Disability Management Issues

The following information represents typical management recommendations for individuals with developmental
delay / intellectual disability in the United States; standard recommendations may vary from country to country.

Ages 0-3 years. Referral to an early intervention program is recommended for access to occupational, physical,
speech, and feeding therapy as well as infant mental health services, special educators, and sensory impairment
specialists. In the US, early intervention is a federally funded program available in all states that provides in-
home services to target individual therapy needs.

Ages 3-5 years. In the US, developmental preschool through the local public school district is recommended.
Before placement, an evaluation is made to determine needed services and therapies and an individualized
education plan (IEP) is developed for those who qualify based on established motor, language, social, or
cognitive delay. The early intervention program typically assists with this transition. Developmental preschool is
center based; for children too medically unstable to attend, home-based services are provided.

All ages. Consultation with a developmental pediatrician is recommended to ensure the involvement of
appropriate community, state, and educational agencies (US) and to support parents in maximizing quality of
life. Some issues to consider:

« IEP services:
o An IEP provides specially designed instruction and related services to children who qualify.
o IEP services will be reviewed annually to determine whether any changes are needed.
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o Special education law requires that children participating in an IEP be in the least restrictive
environment feasible at school and included in general education as much as possible, when and
where appropriate.

o Vision consultants should be a part of the child's IEP team to support access to academic material.

o PT, OT, and speech therapy services will be provided within the IEP to the extent that the need
affects the child's access to academic material. Beyond that, private supportive therapies based on
the affected individual's needs may be considered. Specific recommendations regarding type of
therapy can be made by a developmental pediatrician.

o Asachild enters the teen years, a transition plan should be discussed and incorporated in the IEP.
For those receiving IEP services, the public school district is required to provide services until age
21.

« A 504 plan (Section 504: a US federal statute that prohibits discrimination based on disability) can be
considered for those who require accommodations or modifications such as front-of-class seating,
assistive technology devices, classroom scribes, extra time between classes, modified assignments, and
enlarged text.

» Developmental Disabilities Administration (DDA) enrollment is recommended. DDA is a US public
agency that provides services and support to qualified individuals. Eligibility differs by state but is typically
determined by diagnosis and/or associated cognitive/adaptive disabilities.

o Families with limited income and resources may also qualify for supplemental security income (SSI) for
their child with a disability.

Motor Dysfunction

Gross motor dysfunction. Physical therapy is recommended to maximize mobility.

Fine motor dysfunction. Occupational therapy is recommended for difficulty with fine motor skills that affect
adaptive function such as feeding, grooming, dressing, and writing.

Communication issues. Affected individuals with childhood apraxia of speech and dysarthria require therapy
by a speech expert until the complication has been brought under control. This may require years of intensive
therapy.

Prevention of Primary Manifestations
See Table 8.

Prevention of Secondary Complications

Because bone mineral density in children and adults with classic galactosemia and clinical variant galactosemia
may be diminished, supplements of vitamin D in excess of 1,000 IU/day and vitamin K have been recommended
[Panis et al 2006b, Batey et al 2013].

o For calcium and vitamin D intake recommendations, see the NIH Osteoporosis and Related Bone
Diseases website.

« If routine follow-up visits with a dietitian knowledgeable about metabolic disorders have verified that
calcium and vitamin D intake are adequate for age and if plasma 25-hydroxyvitamin D is within the
normal range but bone mineral density is decreased, consultation with a pediatric and/or adult
endocrinologist may be warranted.

Some affected individuals may develop gastrointestinal dysfunction such as chronic constipation. For those with
severe symptoms, evaluation by a gastroenterologist may be considered [Shaw et al 2017].


https://www.bones.nih.gov/health-info/bone/bone-health/nutrition/calcium-and-vitamin-d-important-every-age
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See also the management guidelines published by Welling et al [2017] (full text).

Schedule for Individuals with Classic or Clinical Variant Galactosemia

Biochemical genetics clinic visits

« Every three months for the first year of life or as needed depending on the nature of potential acute

complications

« Every six months during the second year of life

o Yearly thereafter

Metabolic dietician clinic visits are indicated as above, plus interim visits and phone consultations as necessary.

In addition to regular evaluations by a metabolic specialist and metabolic dietician, the evaluations in Table 9 are

recommended.

Table 9. Recommended Surveillance for Individuals with Classic Galactosemia and Clinical Variant Galactosemia

Manifestation

Accumulation of analytes

Poor growth

Delayed acquisition of
developmental
milestones

Movement
disorder

Cataracts 7

POI

Nutritional
deficiencies

Evaluation

Measurement of erythrocyte galactose-1-
phosphate level 1> 2

Urinary galactitol 3> 4
Measurement of growth & head circumference
Monitor developmental milestones.

Eval by speech expert

Neuropsychological testing using age-
appropriate standardized assessment batteries

Assessment for clinical symptoms & signs of
movement disorders, severity, & responses to
treatment, PT, & pharmacologic interventions

Ophthalmologic eval

Measurement of plasma 17-beta-estradiol &
FSH in females

Measurement of plasma calcium, phosphorus,
25-hydroxyvitamin D levels

Frequency/Comment

At each clinic visit & as needed (e.g.,
during intro of new food)

As needed >
At each visit

At 18 mos ©

At age 1 yr & then every 1-3 yrs thereafter

At each visit

At ages 1 yr, 5 yrs, & during adolescence, if
no cataracts are identified

If they reach age 12 yrs w/insufficient
secondary sex characteristics or age 14 yrs
w/no regular menses 8

Annually or as clinically indicated


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5306419/
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Table 9. continued from previous page.

Manifestation Evaluation Frequency/Comment
At age 6 yrs, during puberty, through
Osteopenia * DXA scan adolescence, & then every 5 yrs during
adult life

DXA = dual-energy x-ray absorptiometry; FSH = follicle-stimulating hormone; POI = premature ovarian insufficiency; PT = physical
therapy

1. Concentrations <5 mg/dL are considered within the therapeutic range.

2. If sudden increases in either erythrocyte galactose-1-phosphate or urinary galactitol are detected, dietary sources of excess galactose
should be sought or evaluation for other causes initiated.

3. Erythrocyte galactose-1-phosphate and urine galactitol may provide comparable information regarding adherence to a lactose-
restricted diet.

4. Urinary galactitol is often not affected by acute dietary ingestion of galactose.

5. Measurement of urinary galactitol is not necessary for long-term monitoring. Urinary galactitol analysis is especially valuable in
affected individuals who have been given red blood cell transfusions; values >78 mmol/mol creatinine are abnormal.

6. If the initial evaluation does not reveal a diagnosis of a speech or language disorder, reevaluation every three to 12 months during
infancy and early childhood depending on the assessments performed by the developmental specialists and physicians

7. It is very unusual for a person with classic galactosemia to present after early infancy with cataracts, as cataract development
probably requires significant intake of cow's milk and dairy products.

8. Welling et al [2017]

9. Routine metabolic dietetic visits should verify that calcium and vitamin D intake is adequate for age and that plasma 25-
hydroxyvitamin D is within the normal range. Even so, bone mineral density may be decreased in certain affected individuals for
reasons that are not understood. Under these circumstances, consultation with a pediatric and/or adult endocrinologist may be
warranted.

Agents/Circumstances to Avoid
The following should be avoided:

o Breast milk, proprietary infant formulas containing lactose, cow's milk, dairy products, and casein- or
whey-containing foods

 Lactose- or galactose-containing drug preparations

« Medicines that contain lactose (tablets, capsules, sweetened elixirs), especially during infancy

Evaluation of Relatives at Risk

Prenatal testing of a fetus at risk. When the pathogenic variants causing classic galactosemia or clinical variant
galactosemia in the family are known, prenatal testing of fetuses at risk may be performed via amniocentesis or
chorionic villus sampling to allow for institution of treatment at birth.

Newborn sib. If prenatal testing has not been performed, each at-risk newborn sib should be treated from birth
and screened for classic galactosemia or clinical variant galactosemia using the erythrocyte GALT enzyme assay
and/or genetic testing (if the familial pathogenic variants in the family are known) to allow for earliest possible
diagnosis. Note: If there are concerns about the reliability of the prenatal testing, soy-based formula may be
given while the diagnostic testing is being performed.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Pregnancy Management

Affected females. Women with classic galactosemia or clinical variant galactosemia should be on a lactose-
restricted diet during pregnancy.
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Carrier females. There is no evidence that the outcome of children with classic galactosemia or clinical variant
galactosemia is improved if their mothers (who are obligate carriers) were on a lactose-restricted diet during
pregnancy. Therefore, unaffected pregnant women who are heterozygous for a pathogenic variant in GALT
(carrier females) do NOT require a lactose-restricted diet during pregnancy.

Therapies Under Investigation

Research suggests that despite exogenous galactose restriction, endogenous galactose production may approach
1-2 g/day [Berry et al 2004, Schadewaldt et al 2004]. If this is true, "self-intoxication" with galactose may be more
of a problem than restriction of galactose from exogenous sources in the management of older children and
adults who no longer depend on milk as their primary source of energy.

Approaches to lowering endogenous production of galactose-1-phosphate are under investigation using small
inhibitors of the GALK enzyme [Tang et al 2010]. While in vitro studies of GALT enzyme-deficient human
fibroblasts demonstrated proof of concept, it is yet to be performed in an animal model. The GALT knockout
mice generated by Leslie et al [1992] do not express the human phenotype of galactosemia and - except for
polyuria due to hypergalactosemia and hypergalactosuria — are largely without disease. As mice have lost ARHI
(DIRAS3) during evolution [Lai et al 2008, Rubio-Gozalbo et al 2010, Tang et al 2010], a GALT enzyme-deficient
mouse model that expresses an ARHI (DIRAS3) signal is needed to test the hypothesis that ARHI gene
expression plays a role in phenotypic expression of disease and to determine whether inhibition of galactose-1-
phosphate production limits or abrogates the "human phenotype."

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on
clinical studies for a wide range of diseases and conditions.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance

Classic galactosemia and clinical variant galactosemia are inherited in an autosomal recessive manner.

Risk to Family Members

Parents of a proband

« The parents of an affected individual are obligate heterozygotes (i.e., presumed to be carriers of one GALT
pathogenic variant based on family history).

« Molecular genetic testing is recommended for the parents of a proband to confirm that both parents are
heterozygous for a GALT pathogenic variant and to allow reliable recurrence risk assessment. If a
pathogenic variant is detected in only one parent, the following possibilities should be considered:

o One of the pathogenic variants identified in the proband occurred as a de novo event in the proband
or as a postzygotic de novo event in a mosaic parent [Jénsson et al 2017].

o Uniparental isodisomy for the parental chromosome with the pathogenic variant resulted in
homozygosity for the pathogenic variant in the proband.

» Heterozygotes (carriers) are asymptomatic and do not develop galactosemia.


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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Sibs of a proband

o If both parents are known to be heterozygous for a GALT pathogenic variant, each sib of an affected
individual has at conception a 25% chance of being affected, a 50% chance of being an asymptomatic
carrier, and a 25% chance of being unaffected and not a carrier.

» Heterozygotes (carriers) are asymptomatic and do not develop galactosemia.

Offspring of a proband

o The offspring of an individual with classic galactosemia or clinical variant galactosemia are obligate
heterozygotes (carriers) for a pathogenic variant in GALT.

o If one parent has classic galactosemia or clinical variant galactosemia and the other parent is a carrier,
each child has a 50% chance of being a heterozygote and a 50% chance of having classic galactosemia or
clinical variant galactosemia.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of a GALT
pathogenic variant.

Carrier Detection

Molecular genetic testing. Carrier testing for at-risk relatives requires prior identification of the GALT
pathogenic variants in the family.

Biochemical genetic testing. Carrier testing is done by measuring erythrocyte GALT enzyme activity.
Erythrocyte GALT enzyme activity is:

o ~50% of control values in carriers of classic galactosemia;

» ~50% of control values in carriers of p.Ser135Leu-related clinical variant galactosemia; this will be
different with other clinical variant galactosemia-causing pathogenic variants, which in the homozygous
state result in 1%-10% residual erythrocyte GALT enzyme activity.

Related Genetic Counseling Issues

See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose
of early diagnosis and treatment.

Family planning

o The optimal time for determination of genetic risk, clarification of carrier status, and discussion of the
availability of prenatal/preimplantation genetic testing is before pregnancy.

« Itis appropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are affected, are carriers, or are at risk of being carriers.

DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic
mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from
probands in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is
unknown). For more information, see Huang et al [2022].

Prenatal Testing and Preimplantation Genetic Testing

Molecular genetic testing. Once both GALT pathogenic variants have been identified in an affected family
member, prenatal and preimplantation genetic testing for classic galactosemia or clinical variant galactosemia
are possible.
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Prenatal testing (or preimplantation genetic testing) using molecular genetic testing is preferred over enzyme
analysis.

Biochemical testing. Analysis of GALT enzyme activity and molecular diagnosis rely on cells obtained by
chorionic villus sampling or amniocentesis.

Note: When a fetus has classic galactosemia or clinical variant galactosemia, amniotic fluid concentration of
galactitol is elevated in the late third trimester and has been used in the past for prenatal testing.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

o British Inherited Metabolic Disease Group (BIMDG)
TEMPLE (Tools Enabling Metabolic Parents LEarning)
United Kingdom
Galactosaemia

» Galactosemia Support Group (GSG)
31 Cotysmore Road
Sutton Coldfield West Midlands B75 6B]
United Kingdom
Phone: 0121 378 5143
Email: contact@galactosaemia.org
www.galactosaemia.org

o Medical Home Portal
Galactosemia

« National Library of Medicine Genetics Home Reference
Galactosemia

o The Galactosemia Foundation
350 Northern Boulevard
Suite 324 - 1079
Albany NY 12204-1000
Phone: 866-900-7421
Email: outreach@galactosemia.org
www.galactosemia.org

 Apraxia Kids
Phone: 412-785-7072
Email: info@apraxia-kids.org
apraxia-kids.org

o Metabolic Support UK
United Kingdom


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://bimdg.org.uk/store/temple//B20024_TEMPLE_Galactosaemia_A5_DIGITAL_-_Final_Approved_245359_03092020.pdf
https://www.galactosaemia.org/
https://www.medicalhomeportal.org/diagnoses-and-conditions/galactosemia
https://ghr.nlm.nih.gov/condition/galactosemia
http://galactosemia.org/
https://www.apraxia-kids.org/
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Phone: 0845 241 2173
metabolicsupportuk.org

« Newborn Screening in Your State
Health Resources & Services Administration
newbornscreening.hrsa.gov/your-state

For information about the GalNet Registry, see Chapter Notes.

Molecular Genetics

Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables
may contain more recent information. —ED.

Table A. Classic Galactosemia and Clinical Variant Galactosemia: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific HGMD ClinVar
Databases
GALT 9pl13.3 Galactose-1-phosphate GALT database GALT GALT
uridylyltransferase

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Classic Galactosemia and Clinical Variant Galactosemia (View All in OMIM)
230400 GALACTOSEMIA I; GALACI1
606999 GALACTOSE-1-PHOSPHATE URIDYLYLTRANSFERASE; GALT

Molecular Pathogenesis

The GALT enzyme catalyzes the conversion of galactose-1-phosphate and UDPglucose to UDPgalactose and
Glu-1-P in a two-step process termed a ping-pong or bi-bi molecular reaction (Figure 1):

1. UDPglucose binds to the active site and glucose-1-phosphate is released, leaving UMP covalently linked
to the enzyme.

2. Galactose-1-phosphate then lands at the active site, engages the bound UMP, and following cleavage of
the phosphonium bond, UDP galactose is released.

When GALT enzyme activity is deficient, galactose-1-phosphate, galactose, and galactitol accumulate (Figure 2).
Galactose is converted to galactitol in cells and produces osmotic effects including swelling of lens fibers that
may result in cataracts. The same process has been hypothesized to produce swelling of brain cells and
subsequently, pseudotumor cerebri.

Since individuals with classic galactosemia who are prospectively treated may manifest all of the so-called
chronic diet-independent complications, and since the amniotic fluid of affected fetuses contains high levels of
galactitol and the cord blood of affected newborns contains elevated levels of erythrocyte galactose-1-phosphate,
one must consider whether the long-term complications of GALT enzyme deficiency are due to prenatal toxicity
[Komrower 1982]. One hypothesis is that the prenatal central nervous system insult is secondary to myo-inositol
deficiency [Berry 2011].

Mechanism of disease causation. Loss of function


https://metabolicsupportuk.org/
https://newbornscreening.hrsa.gov/your-state
https://www.ncbi.nlm.nih.gov/gene/2592
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=2592
http://www.uniprot.org/uniprot/P07902
http://www.uniprot.org/uniprot/P07902
http://databases.lovd.nl/shared/genes/GALT
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=GALT
https://www.ncbi.nlm.nih.gov/clinvar/?term=GALT[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/230400,606999
https://www.ncbi.nlm.nih.gov/omim/230400
https://www.ncbi.nlm.nih.gov/omim/606999
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Table 10. Notable GALT Variants
Reference Sequences DNA Nucleotide Change Predicted Protein Change Comment

Most common clinical
pathogenic variant in

c.404C>T p-Serl35Leu African Americans &
South Africans
Most common severe
c.563A>G p-Gln188Arg . . .
classic pathogenic variant
< 584T>C p.Leul95Pro Sev'ere classic pathogenic
variant
C626ASG p.Tyr209Cys Serere classic pathogenic
variant
Most severe classic
NM_000155.2 ¢.855G>T p-Lys285Asn pathogenic variant in
NP_000146.2 eastern Europe

Duarte Dy: most
common biochemical

.Asn314Asp; effe . .
p-Asn3 sp; effect on promoter pathogenic variant w/

c.[940A>G;-119_116delGTCA] !

variant
effect on promoter
function
Duarte Dy: rare
c.[940A>G;652C>T] p.[Leu218Leu;Asn314Asp] biochemical (LA) variant

w/T GALT enzyme
activity

Severe classic pathogenic
variant

(A5.2kb) or (5.2kbdel) %3 -

Variants listed in the table have been provided by the author. GeneReviews staff have not independently verified the classification of
variants. GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See
Quick Reference for an explanation of nomenclature.

1. The Duarte D5 variant allele with two variants in cis configuration

2. A complex deletion that involves a 3,163-bp deletion of the GALT promoter and a 5' gene region along with a 2,295-bp deletion at
the 3' end of the gene; only segments of exon 8 and intron 8 are retained [Barbouth et al 2006, Coffee et al 2006]. Standard HGVS
nomenclature of this deletion is equally complex.

3. Seen in persons of Ashkenazi Jewish ethnicity

Chapter Notes

The GalNet Registry is maintained as a research tool by a steering committee composed of investigators from the
USA and Europe. It is not currently open to the public.

Author Notes

Gerard T Berry is the Harvey Levy Chair in Metabolism at the Boston Children's Hospital and Professor of
Pediatrics at the Harvard Medical School. He is the Director of Metabolism Program at Boston Children's
Hospital and the Director of the Harvard Medical School Biochemical Genetics Training Program. He is a
member of the Broad Institute of Harvard and MIT. He was the recipient of the 2004 Emmanuel Shapiro Society
for Inherited Metabolic Disorders (SIMD) Award. As a member of the SIMD Board of Directors, Dr Berry is the
SIMD President Elect. He is the co-chair of the Undiagnosed Disease Network (UDN) metabolomics working
group. Dr Berry has established an international center for galactosemia at Boston Children's Hospital. His
research has been in both the clinical and basic science spheres. The Berry laboratory has been heavily involved


https://www.ncbi.nlm.nih.gov/nuccore/NM_000155.2
https://www.ncbi.nlm.nih.gov/protein/NP_000146.2
https://varnomen.hgvs.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
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The Primary Enzymes of the
Galactose Pathway

a-D-galactose Galactose 1-phosphate

* *
ATP Galactokinase ADP
Galactose 1-phosphate UDP-galactose
- -
UPDglucose Galactose 1-phosphate  D-glucose 1-phosphate

uridyltransferase

UDP-galactose UDP-glucose

UDP-galactose 4'-epimerase

Figure 1. Galactose metabolism, the Leloir pathway

in stable isotope breath testing and whole-body galactose modeling in patients with galactosemia. He created
new accurate methods to quantify GALT, GALK, and GALE enzyme activities using LC-MS/MS methodology.
More recently his laboratory has turned to studying human induced pluripotent stem (IPS) cells generated from
blood and fibroblasts of individuals with galactosemia. He is using synthetic cortical neurons derived from IPS
cells, as well as human organoids, to study the mechanisms of central nervous system dysfunction and cell death
in galactosemia.
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Figure 2. Galactose metabolism, GALT deficiency
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