
Urinary System Anomalies 32 18 4 2 56 0.70 
Q60 Renal agenesis and other reduction defects of kidney 2 3 1 0 6 0.07 
Q61 Cystic kidney disease 14 2 0 0 16 0.20 
Q62 Congenital obstructive defects of renal pelvis and congenital 

malformations of ureter 
6 3 1 1 11 0.14 

Q63 Other congenital malformations of kidney 3 3 2 1 9 0.11 
Q64 Other congenital malformations of urinary system 7 7 0 0 14 0.17 
Musculoskeletal System Anomalies 595 553 60 35 1, 243 15.45 
Q65 Congenital deformities of hip 6 9 2 0 17 0.21 
Q66 Congenital deformities of feet 301 128 4 14 447 5.56 
Q67 Congenital musculoskeletal deformities of head, face, spine and chest 14 56 5 2 77 0.96 
Q68 Other congenital musculoskeletal deformities 3 13 0 0 16 0.20 
Q69 Polydactyly 37 39 3 3 82 1.02 
Q70 Syndactyly 36 73 7 3 119 1.48 
Q71 Reduction defects of upper limb 5 16 0 4 25 0.31 
Q72 Reduction defects of lower limb 0 21 1 0 22 0.27 
Q73 Reduction defects of unspecified limb 0 5 0 0 5 0.06 
Q74 Other congenital malformations of limb(s) 26 95 14 7 142 1.77 
Q75 Other congenital malformations of skull and face bones 78 42 1 1 122 1.52 
Q76 Congenital malformations of spine and bony thorax 40 27 5 0 72 0.90 
Q77 Osteochondrodysplasia with growth of tubular bones and spine 0 2 9 0 11 0.14 
Q78 Other osteochondrodysplasias 0 0 6 0 6 0.07 
Q79 Congenital malformations of the musculoskeletal system,  

not elsewhere classified 
49 27 3 1 80 0.99 

Others 182 1, 196 201 3 1, 582 19.67 
Q80 Congenital ichthyosis 0 0 11 0 11 0.14 
Q82 Other congenital malformations of skin 6 1 1 0 8 0.10 
Q83 Congenital malformations of breast 0 4 0 0 4 0.05 
Q84 Other congenital malformations of integument 3 6 0 0 9 0.11 
Q85 Phakomatoses, not elsewhere classified 1 0 31 0 32 0.40 
Q86 Congenital malformation syndromes due to known exogenous causes, 

not elsewhere classified 
0 0 1 0 1 0.01 

Q87 Other specified congenital malformation syndromes  
affecting multiple systems 

15 4 45 3 67 0.83 

Q89 Other congenital malformations, not elsewhere classified 157 1, 181 2 0 1, 340 16.66 
P35 Congenital rubella syndrome 0 0 110 0 110 1.37 
Chromosomal abnormalities 0 0 0 783 783 9.73 
Q90 Down syndrome 0 0 0 758 758 9.42 
Q91 Edwards and Patau syndrome 0 0 0 5 5 0.06 
Q92 Other trisomies and partial trisomies of the autosomes,  

not elsewhere classified 
0 0 0 0 0 0.00 

Q93 Monosomies and deletions from the autosomes,  
not elsewhere classified 

0 0 0 4 4 0.05 

Q96 Turner syndrome 0 0 0 12 12 0.15 
Q97 Other sex chromosome abnormalities, female phenotype,  

not elsewhere classified 
0 0 0 0 0 0.00 

Q98 Other sex chromosome abnormalities, male phenotype,  
not elsewhere classified 

0 0 0 1 1 0.01 

Q99 Other chromosomal abnormalities, not elsewhere classified 0 0 0 3 3 0.04 
TOTAL DEFECTS 10, 641 3, 968 501 1, 206 16, 316  
TOTAL CASES 10, 641 1, 172 231 783 12, 827  
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Introduction 

Galactosemia is an inherited error in carbohydrate 
metabolism due to a deficiency in one of these enzymes: 
galactose-1-phosphate uridyltransferase (GALT), 
galactokinase (GALK), or UDP-galactose 4’-epimerase 
(GALE) (Figure 1). This then results in the non-breakdown 
of galactose causing cataracts, neurodevelopmental delay or 
liver dysfunction. Early manifestations may include failure 
to thrive and sepsis. Dietary galactose restriction throughout 
life is the treatment for individuals with GALT, GALK and 
generalized GALE deficiencies. All forms of galactosemia 
are inherited in an autosomal recessive manner.1 

 

 
 
Figure 1. Metabolism of Galactose. 

 
GALT deficiency (OMIM# 230400), referred to as classic 

(G/G) galactosemia, is the most severe form of the disease, 
which can be life-threatening if left untreated.2,3 This is 
caused by mutations in the GALT gene (Reference Assembly 
NC_000009.10) that have deleterious effect on the structure 
and function of the GALT enzyme and able to severely 
reduce or completely diminish enzyme activity.4 The 4-kb 
GALT gene is located in chromosome 9p13 and contains 11 
exons.5 There are over 360 reported GALT variations across 
the entire gene based on the GALT mutation database.6 
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ABSTRACT 

Objective. The observed irregularities in the biochemical profile 
and the limited information on long-term outcomes among 
patients with Duarte variant (D/G) galactosemia have led to 
patient management variability. This study examined the 
molecular characteristics of Filipino patients with presumed 
variant galactosemia for confirmation of diagnosis. It also aimed 
to describe the corresponding biochemical, clinical and 
neurodevelopmental profiles in order to gain a better 
understanding of the patients with normal galactose 
metabolites in spite of low to absent GALT activity detected by 
the local newborn screening program. 
 
Methods. Thirteen (13) patients who were presumed to have a 
variant form of galactosemia by national newborn screening 
between 2002 and 2010, and who previously underwent 
physical and neurodevelopmental assessment were included in 
the study. Repeat clinical, ophthalmologic and 
neurodevelopmental evaluations were done upon recruitment 
of participants. Direct sequence analysis of the coding region of 
the GALT gene was conducted to determine the patients’ 
genotypes.  
 
Results. None of the patients’ genotypes were consistent with 
Duarte variant (D/G) galactosemia. Their genotypes reflect the 
normal total blood galactose levels in patients, but were 
inconsistent with the absent or trace GALT activity. 
 
Conclusion. Molecular testing for the entire cohort of presumed 
“variant” galactosemia Filipino patients will provide better 
profiling of this condition. Re-evaluation and assessment of the 
current guidelines used by national newborn screening in 
classifying variant galactosemia are recommended.  
 
Key Words: galactosemia, Duarte variant, GALT genotype, newborn 
screening 
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Majority of these are classic mutations (G) that cause severe 
or complete reduction of GALT enzyme activity. There are, 
however, mutations that only result to partial reduction of 
GALT activity. Some patients with variant galactosemia 
have been found to have residual GALT activity in the 
range of 1% to 5%.7 Typically, Duarte variant (D/G) 
galactosemia, is defined biochemically by a lower 
erythrocyte GALT enzyme activity of 14% to 25% of control 
and a genotype that shows one pathogenic GALT mutation 
in heterozygous state with Duarte allele.8 The partially 
impaired Duarte allele (D), also called Duarte-2 or D2, carry 
the p.N314D missense mutation in cis configuration with a 
4-bp 5’ deletion (c.-119_-116delGTCA) along with three 
intronic base changes [c.378-27G>C or IVS4-27G>C, c.508-
24G>A or IVS5-24G>A, and c.507+62G>A or IVS5+62G>A].9 
In the newborn period, there are cases of D/G mixed 
heterozygotes whose biochemical data mimic that of classic 
galactosemia patients resulting in a false positive newborn 
screening test.10 Molecular genetic testing has been used to 
confirm the diagnosis of classic galactosemia and to 
determine the presence of the Duarte allele. 

The biochemical phenotype of children with Duarte 
galactosemia has been described by Ficicioglu et al. In their 
study, the red blood cell (RBC) galactose-1-phosphate (Gal-
1-P) concentrations were within the reference interval but 
the concentrations of other galactose metabolites, including 
RBC galactitol and RBC galactonate, were increased. The 
elevated concentrations of galactose metabolites other than 
the RBC Gal-1-P correlate with galactose intake. They stated 
that this observation denotes abnormal galactose burden.11 

The observed irregularities in the biochemical profile of 
D/G galactosemics have led to the variability in patient 
management. The classification of Duarte variant as a benign 
condition and the implementation of treatment by dietary 
intervention are still subject to controversy. Various 
recommendations have been made including restriction of 
galactose in the diet during the first year of life and 
thereafter, a gradual introduction of this sugar while 
monitoring the clinical and biochemical response. Some 
physicians opt for non-treatment.8,12 

Individuals with variant galactosemia may be 
asymptomatic or manifest some mild aspects of classic 
galactosemia.8,9 However, most previous studies report no 
clinical abnormalities despite biochemical abnormalities. 
Further, data on long-term outcomes among D/G 
galactosemics are limited. Ficicioglu et al. reported good 
clinical and developmental outcomes in D/G galactosemics 
during early childhood.12 Their research involved children 
aged 1-6 years old. Due to the normal clinical manifestations 
observed in their cohort, their group suggested the need for 
future studies that assess the cognitive and behavioral skills 
in older D/G individuals.12 On the other hand, Powell et al. 
reported that select developmental issues associated with 
special education, specifically involving speech and 

language, have been found among some children aged 3-10 
years old with Duarte variant galactosemia.13 These 
neurodevelopmental outcomes were seen despite galactose 
restriction until one year of age, which is the treatment 
advocated by physicians.13 The seemingly contradicting 
results demonstrate that data on clinical and 
neurodevelopmental outcomes of variant galactosemia are 
still inconclusive. 

The estimated prevalence of presumed variant 
galactosemia among Filipinos is 1:84,092 as detected by 
national newborn screening from 1996 to 2015.14 In 
screening for galactosemia among newborns in the 
Philippines, it has been observed that some neonates 
maintain normal blood galactose metabolites despite the 
absence of GALT enzyme activity. The newborns that 
exhibit these characteristics are presumed to have a variant 
form of galactosemia (pending genotyping). It must be 
noted, however, that this designation of “variant form 
galactosemia” is specific to the Philippine newborn 
screening program. Other newborn screening programs 
define variant galactosemia on the bases of lower GALT 
enzyme activity (14-25%) and a genotype bearing at least 
one Duarte allele. The most common variant form of 
galactosemia is Duarte galactosemia.  

Currently, there is no recommendation with regard to 
the long-term follow-up of variant galactosemia cases yet 
they continue to be detected through newborn screening. As 
a result of this, there can be follow-up concerns that may 
arise due to the non-existence of standardized guidelines on 
the treatment disposition of these patients. The uniform 
protocol of the local newborn screening centers is to follow 
these patients by monitoring their total blood galactose 
metabolites quarterly during the first year of life and yearly 
thereafter until five years (laboratory GMON Follow-up 
protocol). The families are counseled and instructed to keep 
these patients on unrestricted galactose containing diets and 
regular milk formula for the duration of the monitoring 
period. After the fifth year of monitoring, patients are 
discharged from the monitoring protocol if their galactose 
metabolites remain within normal and their GALT enzyme 
activity is recorded to be plus 1 or higher (estimated as 25% 
activity). Of the 108 patients monitored from 2002 to 2010, all 
maintained normal total galactose levels as of their last 
recorded data. It must be mentioned that while all patients 
were counseled to send in dried blood spots for galactose 
metabolite monitoring for 5 consecutive years, not all 
complied and hence, only twenty-six patients, whose 
galactose levels remained normal after five years were 
categorically discharged from the GMON follow-up 
protocol. Seventeen of the remaining 82 patients agreed to 
participate when recalled for physical and 
neurodevelopmental assessment in 2010. Five of the 17 were 
assessed to have developmental language delays in spite of 
normal total galactose levels.  
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The main objectives of this study were to obtain the 
genotype information of the 17 patients who underwent 
physical and neurodevelopmental assessment, and describe 
the corresponding biochemical profile and clinical 
manifestations. From this pilot study, data may provide 
information for a better understanding of patients with 
presumed variant galactosemia as detected by the local 
newborn screening program, and may further serve as basis 
for long-term follow-up management. Molecular genetic 
testing would also confirm the diagnosis of the variant 
galactosemia patients. 
 

Methods 
This study was approved by the University of the 

Philippines Manila Research Ethics Board. Informed consent 
was obtained from the parent of each research participant 
prior to any study interview and procedures. Seventeen (17) 
patients were identified and contacted from the cohort of 
patients detected by newborn screening from 2002-2010, and 
who were monitored under the GMON protocol. These 
patients had existing records on physical, ophthalmologic 
and neurodevelopmental assessment before the start of the 
study. Biochemical data were obtained as part of the 
monitoring process. The biochemical criterion used by the 
newborn screening laboratory in classifying “variant 
galactosemia” is a qualitative estimate of the GALT enzyme 
activity of absent to trace (0-10% activity) with normal total 
blood galactose metabolites. Upon recruitment, all study 
participants underwent repeat clinical, ophthalmologic and 
neurodevelopmental evaluations. 

Genomic DNA was extracted from 4 ml peripheral blood 
of the patients using the Qiagen QIAamp DNA Blood Midi 
Kit (Qiagen, Santa Clara, CA) based on the manufacturer’s 
protocol. The 11 exons of the GALT gene with their flanking 
intronic regions were PCR-amplified in 10-µL reaction 
volumes and visualized by agarose gel electrophoresis. Bi-
directional sequencing of PCR products was performed using 
the Applied Biosystems 3130 Genetic Analyzer (Life 
Technologies, Carlsbad, CA). Mutations were identified by 
comparing the patient sample sequences with the published 
wild type GALT genomic DNA sequence (Reference 
Assembly NC_000009.10) using the Sequencher 4.10.1 
software (Gene Codes Corporation, Ann Arbor, MI USA). 
 

Results and Discussion 
Thirteen of the eligible 17 patients with presumed 

variant galactosemia participated in the study. Three 
patients could not be reached; one patient declined. Among 
the 4 patients who did not participate, 2 were previously 
assessed to have developmental language delay. Of the 13 
patients (ages 5 to 10 years and 10 months), 7 were females. 
All patients were ambulatory and well. Except for patient P3 
who is menarchial, all were pre-pubertal. With respect to 
their physical growth, 11 had normal stature, 4 were 
overweight, and 1 was underweight. None of the patients 
exhibited cataracts nor hepatomegaly (Table 1). 

None of the patients had the characteristic D/G 
galactosemia variant genotype (Table 2).  Five patients (P1, 3, 
4, 6, 8) were heterozygous for the classic galactosemia (G) 
allele which may be a possible explanation for the low to

 
Table 1. Clinical and biochemical profile of patients with presumed variant galactosemia (n=13) 

Patient 
Age at 

Diagnosis 
(days) 

Age at 
Evaluation 

(2014) 

Total Blood 
Galactose (0-28 days) 

(mmol/L) 

GALT 
Activity at 
0-28 days 

Clinical and 
Anthropometrics 

(2014) 

2nd Developmental 
Assessment (2014) 

1st Developmental 
Assessment (2010) 

P1 3 6 yr 0.5 Not detected Normal Normal Normal 
P2 15 8 yr 5 mo 0.5 Not detected Tall 

Overweight 
Normal Normal 

P3 27 10yr 10 mo 0.2 Not detected Normal Normal Normal 
P4 3 5 yr 4 mo 0.2 Trace  Tall 

Overweight 
Normal Expressive language 

delay 
P5 33 5 yr 5 mo 0.2 Trace  Short 

Underweight 
Global delay Normal 

P6 11 5 yr 5 mo 0.5 Not detected Normal Normal Normal 
P7 21 6 yr 1 mo 0.2 Trace Tall 

Normal weight; 
Error of refrection 

Attention deficit 
hyperactive disorder 
(ADHD) 

Normal 

P8 3 6 yr 3 mo 0.2 Trace Short 
Normal weight 
Error of refraction 

Normal Normal 

P9 2 5 yr 0.3 Not detected Tall 
Overweight 

Normal Language delay  
Mixed type 

P10 13 7 yr 2 mo 0.6 Not detected Tall 
Overweight 

Learning disability Articulation problem 

P11 30 5 yr 10 mo 0.2 Not detected Tall 
Normal weight 

Normal Normal 

P12 15 7 yr 0.7 Not detected Normal Normal Normal 
P13 15 7 yr 0.9 Not detected Normal Normal Normal 
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Table 2. Molecular profile of patients with presumed variant galactosemia (n=13) 
Patient GALT Gene Mutations Amino acid substitution Genotype* References Developmental  2014 
P1 c.239G>A p.R80Q G/N Novel Normal 
P2 c.[-119_-116delGTCA; 378-27G>C; 508-24G>A; 940G>A(;) *4C>Ta] p.N314D D/N 9, a15 Normal 
P3 c.266A>G p.Y89C G/N Novel Normal 
P4 c.502G>T p.V168L G/N 6, 16 Normal 
P5 None** None N/N - Global delay 
P6 c.239G>A p.R80Q G/N Novel Normal 
P7 None** None N/N - ADHD 
P8 c.239G>A p.R80Q G/N Novel Normal 
P9 c.[-119_-116delGTCA; 378-27G>C; 508-24G>A; 940G>A(;) 687+62G>Ab] p.N314D D/N 9, b15 Normal 
P10 None** None N/N - Learning Disability 
P11 c.[-119_-116delGTCA; 378-27G>C; 508-24G>A; 940G>A(;) 820+36T>Cc] p.N314D D/N 9, cNovel Normal 
P12 None** None N/N - Normal 
P13 None** None N/N - Normal 
*G = classic allele, D = Duarte allele, N = normal allele 
**for further molecular characterization 

 
 
absent GALT activity. However, they were all clinically well 
and had no developmental concerns, consistent with 
normal total galactose metabolites. This further confirms 
that 2 pathogenic GALT alleles have to be present in order 
for galactose metabolites to elevate and cause clinically 
significant galactosemia. Three patients (P2, 9, and 11) were 
heterozygous for the Duarte allele, i.e., c.940G>A (p.N314D) 
in cis configuration with c.-119_-116delGTCA along with 
intronic base changes c.378-27G>C and c.508-24G>A. 
Additional intronic changes were also found with the 
Duarte allele, but it could not be determined whether these 
changes were on the same chromosome as the known 
Duarte mutations. Two of these are reported SNPs, c.*4C>T 
(rs373627599)15 and c.687+62G>A (rs373173308)15, while one 
variation, c.820+36T>C, is unpublished and with unknown 
significance.  

Three (3) missense mutations were detected: c.239G>A 
(p.R80Q), c.266A>G (p.Y89C) and c.502G>T (p.V168L). The 
known pathogenic mutation p.V168L was also found in 
Filipino patients with classic galactosemia in our previous 
study.16 The p.R80Q and p.Y89C mutations are novel. In 
silico analyses through PolyPhen-217 and SIFT18 programs 
predict that these are both damaging mutations. The 
pathogenicity of the p.Y89C mutation is further supported 
by the existence of other disease-causing mutations at the 
same position (p.Y89H and p.Y89D) as reported in the 
GALT mutation database.6 The p.R80Q, p.Y89C, and 
p.V168L are classified as G alleles in Table 2. The carriers of 
p.Y89C and p.V168L had normal clinical findings. Of the 3 
carriers of p.R80Q mutation, 1 was found to have an error of 
refraction, which may not be linked to its carrier status since 
the other 2 patients with the same genotype did not present 
with any clinical problems. These are novel mutations and 
literature has not reported patients with variant 
galactosemia having this genotype. Five patients (P 
5,7,10,12,13) did not have detectable mutations in the 
coding region of the GALT gene and of these, 3 were each 

assessed to have one of the following: global delay (P5), 
attention deficit disorder (P7), and learning disability (P10). 
In addition, P7 also had an error of refraction. It is possible 
that these 5 patients do have the normal genotype (N/N), 
and that the problems presented by 3 of these patients may 
be coincidental and are unrelated to their presumed variant 
galactosemia condition. Of note is that patients 5 and 7 did 
not have these learning delays during the previous neuro-
developmental assessment in 2010 (Table 1), hence, the 
strong argument for other factors possibly contributing to 
the current learning delays. 

On the other hand, there is also a probability that they 
carry pathogenic GALT mutations that were not captured 
by the employed method. Therefore, additional molecular 
testing (e.g. sequence analysis of regulatory regions and 
whole gene deletion detection) may be needed to fully 
analyze the GALT gene in these patients. This may be 
especially warranted for P5, P7 and P10 who presented with 
some form of neurocognitive delay. In addition, P5 who had 
a dysplastic and small left ear, was referred for further 
diagnostic evaluation.  

That none of the patients were confirmed to have 
Duarte variant (D/G) galactosemia based on the results of 
molecular genetic testing strongly suggests that there may 
be a need to re-evaluate the algorithm including the cut-off 
values, method of determining galactose metabolites and 
GALT enzyme activity used by the local newborn screening 
program in classifying variant galactosemia patients. Our 
cohort was presumed to have variant galactosemia because 
of the absent or trace GALT enzyme activity measured by a 
qualitative method and inconsistently normal blood 
galactose metabolites. Nevertheless, our patients’ 
genotypes, i.e. G/N, D/N, and N/N, are consistent with their 
normal total blood galactose levels but cannot explain the 
newborn screening result of “absent to trace” GALT 
activity.  
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While we recognize the fact that the qualitative method 
to measure GALT enzyme activity has its limitations, it is 
what is readily available locally. Our findings put a strong 
reason to recommend molecular analysis for the 
confirmation of diagnosis of galactosemia and its variants. 

 
Conclusion and Recommendations 

Mutational analysis of the GALT gene revealed that 
none of the presumed variant galactosemia patients were 
Duarte variants. The observed genotypes reflect the normal 
total blood galactose levels in these patients. Both genotypes 
and galactose levels are inconsistent with the absent GALT 
enzyme activity. Therefore, our present cohort should be 
reclassified as not having Duarte variant galactosemia. Re-
evaluation and refinement of the method used by newborn 
screening in classifying variant galactosemia are, therefore, 
recommended. 

Hypothesis testing and establishing of any genotype-
phenotype correlation were not performed because of the 
very small sample size. Similarly, there was no attempt to 
infer from the sample data what might be the characteristics 
of the whole population of Filipino patients with presumed 
variant galactosemia. For better profiling of this condition, 
we recommend molecular testing for the entire cohort for a 
more detailed molecular characterization. More studies may 
facilitate better approximation of long-term management 
and prognosis of variant galactosemia. 
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