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Galactosemia: A Korean Patient and Literature Review
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Classic galactosemia is a rare genetic disorder in Korea and the mutation spectrum in Koreans differs
from that of Caucasians and non-Caucasian Americans, Classic galactosemia is considered a metabolic
complication that is preventable by early detection via newborn screening and dietary treatment, In this
most recent case of Korean galactosemia, the patient showed early initiation of clinical symptoms,
which manifested during the neonatal period, The patient achieved normalization via diet management
to correct metabolic complications, In addition, we assessed the characteristics of mutations in 25
Korean galactosemia cases via a literature review of studies associated with classic galactosemia,
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Introduction

Classic galactosemia is a rare inherited auto-
somal recessive genetic metabolic disorder that
compromises galactose metabolism due to galac-
tose—1—phosphate uridyltransferase (GALT) en-
zyme deficiency". Based on residual erythrocyte
GALT activity and the levels of galactose meta-
bolites, such as erythrocyte galactose—1—phosp-
hate and urine galactitol, GALT deficiency galac-
tosemia may be divided into three clinical/bioche-

mical phenotypes: classic galactosemia, clinical

variant galactosemia, and biochemical variant ga-
lactosemia? .

The most common mutations seen in Caucasian
and African American populations are p.Q188R
and p.S135L, respectively’ ™. However, neither
of these mutations has been detected to date in
Asian populations. Similarly, mutations that are
specific to Japanese patients, such as p.V85_N97
delinsRfsX8, p.W249X, and p.R231H, have not been
observed in Caucasians or African Americans,
providing further evidence for genetic heteroge-

neity among ethnic groups'®”.
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Compared to the rest of the world, the fre-
quency of classic galactosemia in Korea and other

Asian populations is very rare”. Between 1999
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and 2018, 25 patients with classic galactosemia
have been reported in Korea® V. The ethnic di-
versity of GALT mutations is emphasized by the
distinct mutations in Asians as opposed to those
in Caucasians and African Americans®.

The purpose of this report is to elucidate the
clinical and molecular characteristics of Korean
classic galactosemia. The current study describes
the most recent case of mild classic galactosemia
in a Korean patient and reviews all previously re-

ported Korean cases.

1. Patients

A 26—day—old baby boy presenting with
abnormal results on newborn screening for galac-
tosemia, and a review of 25 patients from pre-

viously reported cases in Korea.

2. Methods

Clinical information and results from laboratory
and molecular tests were evaluated.

The newborn screening test (NST) and total
galactose and galactose—1—phosphate analysis
were performed using a blood sample from the
heel capillary and a dried blood spot sample.

For the newborn found to be positive for galac-
tosemia in screening tests, a confirmatory test
was performed via the detection of elevated total
galactose and galactose—1—phosphate levels, re-
duced GALT enzyme activity, and elevated galac-
titol levels.

Galactose and galactose—1—phosphate were
measured via fluorometric detection'”. GALT ac-
tivity in red blood cells (RBCs) was measured
using an AutoDELFIA® immunoassay'”. Urine ga-
lactitol was measured via gas chromatography/

14)

mass spectrometry Sanger Sequencing was

used to identify GALT gene mutations'”.

Case report

A 26—day—old baby boy presented with ab-
normal results in the NST for galactosemia, as
well as increased levels of multiple amino acids,
including glycine, methionine, phenylalanine, tyro-
sine, ornithine, citrulline, and arginine, detected
via metabolic evaluation. A repeat test using a
second sample yielded similar results.

The baby was the first child of a 33—year—old
woman. The parents were non—consanguineous.
The pregnancy was complicated by premature rup-
ture of membranes lasting 72 hours, hospitaliza-
tion, and a 5—day antibiotic treatment. The baby
displayed vertex presentation, and was delivered
by C—section at 38+2 weeks of gestation due to
failure of induction. The birth weight was 3,300
g. The mother was given one dose of dexametha-
sone, iron, folic acid, omega 3, and lactobacilli
during pregnancy, and her blood test showed an
elevation of C—reactive protein levels the day
before the baby’s admission.

There was no history of perinatal asphyxia, and
examination of the newborn revealed no obvious
congenital anomalies. Following his birth, the baby
was treated with prophylactic antibiotics for 3
days, and the initial septic work—up was negative.
He was fed both breast milk and formula, and he
did not vomit. At 7 days of age, the baby developd
jaundice, and his face became puffy.

The baby’s growth parameters determined via
physical examination were as follows: body weight,
3,770 g (50"—=90"™ percentile); length, 53 cm
(50"=90"™ percentile); and head circumference,
35.5 cm (50"—90™ percentile). His vital signs
were as follows: temperature, 37.8C; heart rate,

153 beats/min; respiratory rate, 56 breaths/min;
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and blood pressure, 70/42 mm Hg.

The baby was alert, displayed good physical
activity, cried vigorously, and had normal muscle
tone. His skin color was icteric, and localized
edema was noticeable on both legs and feet. The
head showed normocephaly, and the neck showed
symmetry; the fontanelle was flat, open, and 1X1
cm in size.

Ophthalmologic examination showed icteric
sclera without cataract.

The thoracic cavity was symmetric, and brea-
thing was clear. Heart examination revealed a
regular sinus rhythm without murmur. The ab-
domen was flat and soft. The liver was soft and
palpable 2 cm below the right costal margin.

Genital examination showed an undescended
right testis with mild hydrocele. The anus was
patent. There was no sacral dimple. Neonatal re-
flexes, including Moro, sucking, tonic neck, and
startled response, were all normal; urine output
was good, and stool color was normal.

Family history: Both parents are of Korean
descent, are non—consanguineous, and have no
family history of cataract or liver or kidney dis-

ease (Fig. 1).

Results

1. Clinical course

The baby was admitted to our hospital at 14
days of age. Laboratory findings revealed throm-
bocytopenia (49k, 27k, 23k), obtained on different
days, and soy formula was introduced. On day 2
after admission, platelet transfusion (50 cc) was
performed. The urine tested negative for reducing
sugar. The next day, he developed a fever and
became restless, and frequent loose stools were
observed. The white blood cell (WBC) count in-

creased from 5,800 to 32,700. Antibiotics (ami-
kacin and ampicillin) were started. On day 2 after
admission, edema of the face and extremities was
evident, and the blood urea nitrogen (BUN) level
was elevated. The antibiotics were changed to
cefotaxime and ampicillin. Although the fever sub-
sided, procalcitonin levels were elevated. The
baby was transferred to the university hospital.
On day 4 after admission, edema of the face and
extremities was accompanied by elevation of BUN
from 15.4 mg/dL to 32.1 mg/dL. On day 5 after
admission, the following were observed: ABGA!
pH 7.38 (7.35—7.45); PCOs; 37 (32.0-45.0
mmHg); PO,, 61 (75-100.0 mmHg); BE, —2.9
(=3.4-1.4 mmol/L); HCOs, 21.9 (19—24 mmol/L);
SPO,, 90 (96—97%); O, Con, 11.0 (17.5-23.0
mL/dL); and TCO,, 23 (19—24 mmol/L) (Table
.

Ultrasonography of the abdomen, taken on ad-
mission to the university hospital, revealed mild
pelvic dilation and a small amount of ascites.

On day 9 following admission, the baby tested
positive for influenza A virus subtype H3.

Ophthalmologic examination revealed normal
findings and no cataract.

Metabolic evaluation showed a milder form of

classic galactosemia.
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Fig. 1. Family pedigree.
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2. Laboratory tests

Initial laboratory evaluation showed the following:
Platelet (PLT), 23,000; Lact, 1.34 mmol/L; Blood
ammonia (NHj3), 160 pg/dL; Na, 133 mmol/L; K,
4.9 mmol/L; Cl, 110 mmol/L; AST, 43 IU/L; ALT,
25 IU/L; alkaline phosphatase (ALP), 410 IU/L;
total protein, 4.4 g/dL; albumin, 2.9 mg/dL; glu-
cose, 78 mg/dL; Cholesterol, 60 mg/dL; trigly-
ceride (TG), 36 mg/dL; BUN, 15.4 mg/dL; creati-
nine, 0.45 mg/dL; uric acid, 3.0 mg/dL; CPK, 195
U/L; P, 4.3 mg/dL; Ca, 9.9 mg/dL; Mg, 1.9 mg/dL;
CRP, 0.70 mg/dL; LDH, 476 U/L; RBCs in urine,

5—10; and occult blood in urine, 2+.

3. Biochemical and metabolic evaluation

CBC showed thrombocytopenia (49k), while

Korean Patient and Literature Review —

direct bilirubin were 16.36 and 8.3 mg/dL, respec-
tively.

For urine, Benedict's test and Clinitest were
strongly positive for reducing substances. Total
galactose was 99.7 (reference <12.4 mg/dL); ga-
lactose—1—phosphate, 19.1 (reference <12.4 mg/
dL); and urine galactitol, 12,283.7 (reference <90
umol/mmol creatinine) (Table 2, Fig. 2).

Plasma amino acid analysis (umol/L) showed
that the levels of glycine (688), methionine
(651.7), phenylalanine (192.9), tyrosine (706.9),
ornithine (352.9), and arginine (290) were ele-
vated (Table 3, 4, Fig. 3).

Urine organic acid analysis indicated tyrosyluria
(4—OH-phenylacetic acid, 146.6; 4—OH-phenyl-
pyruvic acid, 918; and 4—OH-phenyllactic acid
3,213 mmol/mmol creatinine). Urine amino acid

analysis showed generalized aminoaciduria (Table

serum ferritin was 1,914.2. Total bilirubin and 5, 6, Fig. 4).
Table 1. Bilirubin, Platelet, and Ferritine
2018. 2018. 12.19 2018. 12.20 2018. 2019. 2019. 2019. 2019.
12.18  (After soy formula) ’ ’ 12.22 01.09 02.12 04.12 05.26
Total bil/direct bil 16.36/8.3 15.89/8.64 16/8.63 8.86 2.19 0.56 0.31 0.26
PLT 49 27 23 (Platelet transfusion) 180 392 409 437 342
Ferritine 1914.2 1289.70 721.60 233.33
Table 2. Galactose
Metabolic Test 2018. 2018. 2018. 2019. 2019. 2019. 2019. 2019.  2019.
results Reference Range 7976 1979 1221 0102 0L09 0212 0412 0526 07.07
Galactose 12.4 mg/dL (=) 99.7 13.8 13.8 4.3 3.9 0.3 0.7
Galactose—1— 12.4 mg/dL (<) 19.1 7.4 7.4 0.1 1.2 0.1 0.1
phosphate
Benedict/Clinitest Negative 2++/3++ Negative Negative Negative Negative Negative Negative Negative
Galactitol <1 Year 0—-94.7 12,283.7 3535 79.8 259.3 143.99
Galactose—1— 12.96-26.46 4.55 2.4
uridyltransferase umol/hr/g Hb
(GALT)
UDP—-Gal—4- 3.30—6.04 15.10
Epimerase umol/hr/g Hb
(GALE)
Galactokinase <1 month 80— 19.4
(GALK) 120 umol/hr/g Hb
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The galactose metabolic enzyme test revealed
the following: GALT, 4.55 umol/h/gHb (reference,
12.96—26.46 umol/h/gHb); UDP—Gal—4—epime-
rase, 15.10 (reference, 3.30—6.04 umol/hr/g Hb);

and galactokinase, 19.4 (reference, 80—120 umol/

hr/g Hb).
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4. GALT gene mutation analysis

Heterozygous LP variants: p.A276N and p.Q346P
were detected in GALT (Fig. 5).

Urine Galactitol (umol/L)

-
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Fig. 2. Urine galactitol.
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Plasma amino acid (umol/L)

2500
2000 |
Table 3. Newborn screening using Tendem Mass Spec-
trometry 1500 1
ref. (umol/L) 2018.12.18  2018.12.18 1oa0. |
Gly 32.9-500 688.00 500
Met 3.29-70.00 394.99/600 651.74 0
His 0.00—200.00 257.91 e e e e e e 2
& & L & & & & &
Phe 19.74-139.30 571.17/586.45  192.95 EON -G N P O
Tyr 13.16-298.70 1150.20/918.00  706.90 © ¥ Q@*
On  7.24-180.00  381.46/792.97 352.93 ——2018.12.18 ===2018.12.19 20181220 ==2018.12.21
Cit 1.32-50.00 89.42/160.13 170.72 —2018.12.24 2019.01.09 2019.02.13 2019.05.27
Arg  0.00-50.00  229.87/303.77  290.55
Fig. 3. Plasma amino acid.
Table 4. Plasma Amino Acid
2018.12.19 2018. 2018. 2018. 2019. 2019. 2019. 2019.
Amino acid 2018. (Aftér S'O 12.19 12.21 12.24 01.09 02.13 05.27 07.07
(umol/L) 12.18 form la)y (On soy (On soy (Onsoy (Onsoy (Onsoy (On soy (On soy
ormu formula) formula) formula) formula) formula) formula) formula)
Glutamine 1,934 2,296 1,674 1,711 518 484 528 534
Glycine 1,552 1,866 1,621 1,522 1,307 501 365 276
Methionine 831 826 730 622 260 54 41 26
Tyrosine 829 1,046 1,122 965 142 171 113 81
Phenylalanine 240 313 234 221 94 114 104 102
Ornithine 742 759 690 454 302 200 102 99
Lysine 1,345 1,285 1,099 840 449 283 193 154
Arginine 1,030 1,290 1,097 801 318 229 177 157
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] Classic galactosemia is caused by a deficiency
15000 of GALT. This disease is very rare in Korea com-
10000 Table 6. Urine Organic Acid

2018. 2018. 2019. 2019.
5000 12.18 12.23 01.02 01.09
. N | ﬂ o | 4-OH-phenylacetic  146.6 13.2 708 825
Taurine Hydroxyproline Proline Threonine 4—OH-phenylpyruvic 918 3.7 12.6 11.3
4—0OH—phenyllactic 3,213 29.5 69 7.5

Fig. 4. Urine amino acid analysis.

Heterozygous LP variants: p.A276N and p.Q346P were detected in GALT.
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Fig. 5. Heterozygous LP variants: p.A276N and p.Q346P were detected in GALT.

Table. 5 Urine Amino Acid Analysis

Amino acid (umol/g Cr)  2018/12/18  2019/01/02  2019/01/09  2019/02/13  2019/07/07 0—1m
Taurine 1,8977 145 2,289 2,480 71-1,998
Hydroxyproline 8,319 402 1,064 695 177-2,829
Proline 4,202 142 296 186—1,883
Threonine 19,703 642 943 507 177-1,220
Serine 45,157 1,036 2,404 1,643 707-2,493
Glutamine 52,762 356 755 963 460—1,812
Glycine 56,718 2,985 4,324 4,057 2,502-9,698
Alanine 3,350 552 1,174 980 663—2,157
Citrulline 11,475 163 80 0-97
Valine 943 267 225 27-230
Cystine 2,310 331 156 106—-345
Methionine 3,585 173 96 62—239
Leucine 869 27-221
Tyrosine 23,528 347 989 678 53—486
Phenylalanine 2,956 149 301 260 35—283
Ornithine 7,662 126 375 559 0-168
Lysine 31,933 500 1,659 1,309 194-1,512
Histidine 36,318 511 1,692 226 707-2,608
Arginine 3,065 53 171 116 0-124
Cystathionine 3,528 0 0 0 0
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Table 7. Reported Cases of Classic Galactosemia

Galactosemia/ Enzymes Total bilirubin/direct

Year/Age/Sex Galactose =1~ (A1 T/GALE, GALK) bilirubin (mg/dL), Mutation spectrum of
phosphate (mol/h/gHb) chemistry GALT
(mg/dL)
2008/11 d/M 50 14.9/34.5/1.9 TB/DB 27.3/2.2, PT/PTT ¢.252+1G>A and
(20-35/19-35/1.2-1.8)  (sec) 43.2/71.4, AST/ALT ¢.507G>C
(IU/L) 73/54, protein/albumin
(g/dL) 4.4/2.5, BUN/Cr
(mg/dL) 5/0.5
2002/1 mo/* 6.7 (25.7£3.6) Duarte 2/G
2002/1 mo/* 25.2/8.19 8.6 (25.7£3.6) Duarte 2/G
2009/##/F 18.2/1.80 28 p.Q169H, ¢.821-7A>G
2010/#%/M 76.4 <0.8 p.DI96SEs*5, ¢.375—1G>C,
¢.82—20_82+60del
2011/#%/M 29.2/9.32 9 p.R333Q, p.R333Q
2012/#+/F 36.8/6.38 36.5 p.DI6SEs*5, ¢.821-7TA>G
2014/ 24.5 mo/M <0.1 ¢.286_299delGACAACGA
CTTCCC, ¢.378—1G>C
2014/ 1.8 mo/F 7.3 ¢.286_299delGACAACGA
CTTCCC, ¢.821-7TA>G
2014/ 2.3 mo/F 6.3 c.493T>C, ¢c.998G>A)
2014/ 1.7 mo/M 1.8 c.998G>A, c.998G>A
2014/ 1.1 mo/F 6.2 c.302C>A, ¢c.940A>G
2014/ 2.9 mo/M 5.9 ¢.826_827delinsAA, ¢.940
A>SG
2014/ 3.1 mo/M 15.6 c.346C>A
2014/ 2.2 mo/F 14.5 c.602G>A
2014/ 3.1 mo/M 11.6 c.769C>A
2014/ 2.9 mo/F 16.4 c.1087G>A
2014/ 3 mo/F 12.5 c.940A>G
2014/ 3.5 mo/F 12.6 c.940A>G
2014/ 5.2 mo/M 16.1 c.940A>G
2011/7 d/F 13.5/62.8 0.1 AST/ALT 34/12, jaundice €.252+1G>Aa,c.507G>C
(p.GIn169His)
2011/11 d/M 68.9/1.6 0.3 AST/ALT 48/48, jaundice  ¢.252+1G>Aa,c.1087G>A
(p.Glu363Lys)a
2010/11 d/F 50/10.4 0.8 AST/ALT 680/135, jaundice ¢.252+1G>Aa,c.507G>C
(p.GIn169His)
2003/2 mo/F 18.3/7.99 4.1/44.9/94.7 TB 1.4, AST/ALT 41/54 Duarte variant/classical
galactosemia
2018/26 d/M 99.7/19.1 4.55 TB/DB 16.36/8.3, AST/ALT p.A276N, p.Q346P
43/25
“sex not clear in the literature, “age not described in the report.
pared with galactosemia caused by GALT defici- born screening and clinical testing, and follow—up
ency in Caucasians and African Americans. The data are limited. In most cases, galactosemia was
total number of reported classic galactosemia cases present during the neonatal period following jaun-
in Korea thus far is 25 *(reviewed in Table 7). dice, hepatomegaly, lactation intolerance, hypogly -
Galactosemia has mostly been detected via new- cemia, and renal tubular insufficiency.
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The patient with galactosemia reported herein
presented with jaundice, including direct and in-
direct hyperbilirubinemia and thrombocytopenia.
The levels of galactose, galactose—1—phosphate,
galactitol, and multiple amino acids were elevated.
Following a galactose—restricted diet, jaundice
was cured in 3 weeks, and urine galactitol de-
creased to near—reference levels.

Elevated plasma amino acid levels and tyrosy-
luria normalized 1 week after galactose restriction
and with 3—week dietary management. Ferritin
was normalized 2 months after galactose restric-
tion.

The initial symptom of GALT deficiency is fai-
lure to thrive, leading to developmental insuffici-
ency'”. Vomiting, diarrhea, and other symptoms
mostly appear a few days after feeding. In most
children, jaundice develops within 1 week after
birth'”. Abnormal liver function and hepatomegaly
appear, which, if left untreated, may lead to cirr-
hosis. Reasons for the presence of ascites without
portal hypertension or hypoalbuminemia remain un-
clear. Fat accumulation and inflammatory changes,
which occur in the liver at a histological level,
may progress to bile stagnation, causing portal
fibrosis. This cannot be distinguished from ter-
minal liver disease. Cataracts appearing as punc-
ture lesions in the nucleus of the fetal lens a few
days after birth can only be diagnosed via a slit
lamp test. In addition, drowsiness and hypotension
may be observed, and mental retardation may be
seen a few months after birth. In addition, the
probability of death from Escherichia coli sepsis
increases with the severity of the clinical course
¥ Therefore, galactosemia should be suspected
if hyperbilirubinemia or E. coli sepsis is detected.

In cases where newborn screening detects ga-
lactosemia, the first step should be the administ-

ration of a urine Clinitest and Glucostix test. If

positive results are obtained, lactose restriction
is required until a confirmatory test for free
galactose, galactose—1—phospate, and galactose
enzymes in RBCs, and galactitol in urine is per-
formed. The portosystemic shunt, another source
of galactose, should be examined by imaging
studies, sonography, or MRI.

In classic galactosemia, the preferred treatment
for metabolic disorders is lactose restriction fol-
lowed by supplementation with soy formula. Liver
dysfunction; galactosuria; and proteinuria, including
aminoaciduria, as well as nausea and vomiting,
will all be resolved following soy formula feeding.
However, our patient responded rapidly and posi-
tively to classic galactosemia management regime,
suggesting the unclassified variant may confer
compromised GALT activity that is perhaps too
localized to dampen metabolic insult associated
with classic galactosemia.

Metabolic follow—up includes the evaluation of
galactose—1—phospate in RBCs. The galactose—
1—phospate level in well—controlled galactosemia
is below 100 wmol/L RBCs (reference level, 50
umol/L RBCs). A finding of high galactose in galac-
tose—restricted patients might be caused by endo-
genous galactose in the body'?.

Classic galactosemia (G/G) due to the lack of
GALT is an autosomal recessive disorder. Classic
galactosemia is a typical form of severe galacto-
semia found in Caucasians, and several studies
have indicated Q188R and K285N to be the most
commonly associated genetic mutations found in

29 Meanwhile, classic

Caucasians with galactosemia
galactosemia is also expressed in a milder form
in African Americans, but they do not exhibit
GALT activity in the RBCs and instead show ap-
proximately 10% enzymatic activity in the liver
or intestinal mucosa®. However, this form of the

disease has not yet been reported in Korea.
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In a typical galactosemia patient, early dietary
modification leads to relatively normal growth, as
well as normal liver and kidney function. However,
some reports indicate that although a lactose—
free diet improves cataract, it does not eliminate
it completely. Furthermore, long—term follow—up
has shown that many patients may experience
developmental delays, learning disabilities, and
language disorders, while others may develop
growth disorders®"??.

Despite exogenous galactose restriction, endo-
genous galactose production may approach 1.0—
2.0 g/day®*". Therefore, in the management of
older children and adults, who no longer depend
on milk as their primary source of energy, “self—
intoxication” with galactose might be more pro-
blematic than the restriction of galactose from

exogenous SOUI”CGSQQ) .
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