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Abstract
Galactosemia is an inborn error of galactose metabolism 
caused by deficient enzyme galactose-1-phosphate uridy-
lyltransferase (GALT). Affected infants usually die of gram-
negative sepsis. Diagnosis in newborns is by monoanalyte 
chromatography on dried blood spot. Universal screening for 
galactosemia should be encouraged, but till then perinatolo-
gists need to think of at least “target screening” of infants with 
unexplained gram-negative sepsis and jaundice and infants 
who fail to thrive. Till date, dietary restriction of galactose is the 
only treatment available. Further research toward molecular 
diagnosis and drug modifiers is encouraged.
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Introduction
Galactosemia was first described in 1908 by Von Ruess.1 
With the discovery of galactose catabolism pathway by 
Luis Federico Leloir in 1940s, other scientists, notably 
Kalckar, established the association between galac-
tosemia and the defect in a specific enzyme galactose-
1-phosphate uridylyltransferase (GALT)1—this is 
known as classic galactosemia. However, over the next 
decades it became clear that there were 2 other forms 
of galactosemia: type II, resulting from deficiencies in 
galactokinase (GALK1); and type III, resulting from 
deficiencies in UDP-galactose 4’-epimerase (GALE).

Clinical Course
Classic galactosemia is an autosomal recessive disorder 
of galactose metabolism. It is caused by deficiency of the 

enzyme GALT (Figure). This deficiency causes accumu-
lation of galactose, galactose-1-phosphate, and galac-
titol in tissues of affected individuals.1 The primary 
source of galactose is lactose present in milk. 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. If classic galactosemia 
is not diagnosed and treated, Escherichia coli sepsis, 
shock, and death may occur.2 Infants who survive the 
neonatal period and continue to ingest lactose may 
develop severe brain damage.3

If a lactose-free diet is provided during the first 3 to 10 
days of life, the signs resolve quickly and prognosis for 
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prevention of liver failure, E coli sepsis, and neonatal 
death is good.4

In an infant with classic galactosemia but with no estab-
lished diagnosis, treatment with intravenous antibiotics 
and self-restriction of lactose intake will demonstrate 
relapsing episodic jaundice and bleeding secondary 
to altered hemostasis concomitant with the introduc-
tion of lactose. If lactose-free diet is not implemented, 
complications such as growth retardation and progres-
sive liver disease are likely to occur. Even with early and 
adequate therapy, the long-term outcome in older chil-
dren and adults5 with classic galactosemia can include 
cataracts, speech defects, poor growth, poor intel-
lectual function, neurologic deficits (predominantly  
extrapyramidal findings with ataxia), and premature 
ovarian insufficiency.6 It requires a multiprofessional 
team to focus on physical and/or biochemical aspects of 
the disease along with the psychosocial dimensions of 
life for the management of galactosemia.7

Diagnosis
The diagnosis of galactosemia involves detection of 
elevated erythrocyte galactose-1-phosphate level or 
decreased GALT. Based on the level of erythrocyte 
GALT enzyme, it is classified as either classic or clin-
ical variant. In the classic variant the enzyme activity is 
barely detectable, while in the clinical variant about 1% 
to 10% of enzyme activity is detectable. 

The presence of reducing substance in the urine and 
negative glucose oxidase test were used as screening 

tests. The use of Benedict test to check for the presence 
of urinary nonglucose substrates is increasingly discour-
aged for false positive results.8 Occasionally, glucometer 
readings may be complicated with high readings due to 
nonglucose substrates in blood.9 Thus, serum sugar level 
estimated by enzymatic test has to be considered. 

By and large, around the world, estimation of the 
enzyme activity is done on dried blood spot using 
Beutler method of chromatography.10 The advantage 
of the method is that it is independent of the galactose 
level in blood and is thus, often performed as a part of 
newborn screening (NBS) test at birth. The results are 
affected by both humidity and heat, so the collected 
blood needs to be air dried and then transported to 
a laboratory.11 As it is based on erythrocyte GALT 
activity, the blood should be naïve and thus, screening 
after blood transfusion should be avoided for at least  
3 months.12

Till now, based on the quantification of the enzyme 
activity, galatcosemia was described as classic or clinical 
variant, but with recent advances, molecular diagnosis 
of galactosemia is increasingly done. After ascertain-
ment that a positive NBS indicates the possibility of 
galactosemia due to GALT deficiency, the critical ques-
tion for a physician is whether the infant has the classic 
or a variant form of GALT deficiency, as classic galac-
tosemia is a medical emergency. With the use of molec-
ular methods such as polymerase chain reaction for 
diagnosis, an increasing number of facts are surfacing. 
Now there is growing evidence that the phenotype of 
the disease is determined by the genotype. This explains 
why all individuals with galactosemia, across the globe, 
do not have a similar disease course. The genotype is 
further based on the race of the human beings. The 
gene encoding GALT is located on chromosome 9p13.13 

Till date, some 230 odd genes have been isolated and 
postulated to be associated with galactosemia.14 To 
make the correct decision as well as provide informative 
counseling to parents of infants with a positive NBS 
for galactosemia, the association between genotype and 
phenotype may need to be explained. The mutations 
most frequently cited are in the alleles Q188R, K285N, 
S135L, and N314D. 
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Q188R is the most common mutation in European 
populations or in those predominantly of European 
descent, accounting for 60% to 70% of all mutant 
chromosomes.15 In vitro expression system demon-
strates that individuals homoallelic for Q188R tend 
to have a severe phenotype, with complete absence of 
GALT enzyme. Such individuals are at a risk of devel-
oping potentially lethal E coli sepsis and long-term diet-
independent complications of galactosemia. K285N 
is another mutant invariably associated with a severe 
phenotype of classic galactosemia.15

A single amino acid substitution, N314D, is found in 2 
different alleles of the GALT gene, that is, both Duarte 
1 (D1) and Duarte 2 (D2) alleles.15 Additional base 
changes that are different on each of them distinguish 
D1 from D2 alleles. In vitro expression system demon-
strates that this variant GALT activity is not completely 
absent. Thus, the clinical course with this variant is 
different from that of classic galactosemia with differing 
long-term complications. In the African population, 
S135L accounts for 62% of the alleles causing galacto-
semia and is associated with good treatment outcomes. 

The mutational profile of Indian GALT patients differs 
significantly from other populations studied—the 
common mutations in the Indian population described 
are S79F, S79Y, S205S, and F275Y. The phenotype 
is variable with GALT activity in the in vitro expres-
sion system. There are 3 separate disorders of galactose 
metabolism of clinical importance based on genotypes. 
GALK1 deficiency mainly causes cataracts, which 
regress without complications, provided a galactose-free 
diet is started early enough. GALE deficiency seems 
extremely rare. In 2 reported cases, neurologic deafness 
was found to be a common feature. GALT deficiency 
causes complex problems because of the poor long-
term outcome in spite of a galactose-free diet, and with 
no clear indications of how and when the underlying 
damage occurs.

Early and universal screening 
versus symptomatic case 
screening
Early diagnosis of galactosemia aids in preventing early 
complications such as liver failure and sepsis. However, 

as galactosemia is a rare disease with nonspecific signs, 
it requires a strong clinical suspicion for investigation 
and diagnosis. Thus, most advocate screening of galac-
tosemia as a part of NBS tests as it costs < R150 per 
infant to be tested. But, there is increasing opposition 
to its implementation. The major issues in the discus-
sion include (a) the low frequency of the disease, which 
leads to an unfavorable cost–benefit ratio; (b) clinical 
detection of the disease in a majority of patients; and 
(c) long-term complications despite early diagnosis and 
treatment.

Indian data
Universal NBS has been used by most developed coun-
tries with federal healthcare system. The reported inci-
dence of galactosemia around the world is 1:30,000 
to 1:60,000.1 India does not have any federal 
policy for NBS, thus data is varied. On screening, 
Gopalakrishnan et al16 used immunofluorometry for 
the estimation of total galactose on dried blood spot 
through heel prick to assess recall rates for confirmatory 
testing. They observed 13,426 newborns with 0.32% 
recall for confirmatory test, with none diagnosed with 
galactosemia.17 In a database for inborn errors of metab-
olism (IEM) in the Indian state of Andhra Pradesh, of 
the 43 IEM cases, there is no mention of galactosemia.18 
According to the authors (unpublished data), of > 
48,000 newborns screened, only 1 case had a confirmed 
diagnosis of galactosemia. Two other cases, though 
confirmed, were not part of the NBS but were symp-
tomatically screened for recurrent gram-negative sepsis. 
Both the infants died, in early infancy, of dissemi-
nated intravascular coagulopathy secondary to E coli 
and Pseudomonas sepsis each.19 As per the available 
Indian statistics, a majority of the screening for galac-
tosemia has been symptomatic. In a recent case series, 
Sarma et al20 analyzed the presentation and predic-
tors of outcome of children with galactosemia. All 24 
galactosemic patients were referrals for neonatal chol-
estasis at median age of symptom onset and diagnosis 
being 10 (3–75) days and 55 (15–455) days, respec-
tively. The clinical presentation was complicated with 
poor feeding (67%), uncorrectable coagulopathy (71%), 
systemic infections (71%), ascites (54%), and bilateral 
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cataract (54%). In another case series of 101 neonatal 
cholestasis, 10 out of 101 (10%) cases were reported to 
have galactosemia.21 In a case series on metabolic liver 
disease by Roy et al,22 10 out of 51 (19.6%) children had 
galactosemia. The learning from many of these studies 
is for a perinatologist to have a high index of suspicion 
in infants with gram-negative sepsis and jaundice—to 
suspect galactosemia as a possibility and request specific 
screening as it is not a part of the routine metabolic 
screening. Galactosemia is one of the diseases diag-
nosed by monoanalyte screening techniques, such as 
screening for thyroid-stimulating hormone in congen-
ital hypothyroidism, and not detected by tandem mass 
spectrophotometry.19

The prognostication with molecular studies is still 
in infancy in India. But efforts by Singh et al23 seem 
promising. In a series of 55 nonrelated galactosemia 
patients, of the GALT mutational spectrum, N314D 
(40%) and Q188R (2.7%) were the most commonly 
isolated mutations. In another study designed to estab-
lish DNA-based diagnosis, mutations for GALT gene 
were at frequencies of 3.6% in Q188R; 40% in N314D, 
and 39% in D2 mutations, while no D1 alleles were 
found.24 They concluded that significantly higher 
frequency of the D2 allele suggested the presence of a 
milder form of galactosemia in the Indian population 
in comparison with other parts of the world and this 
can be managed well by early diagnosis and dietary 
management. 

Treatment
Till date, elimination of lactose from the diet is the only 
treatment modality available for galactosemia.25 This is 
one of the few conditions where maternal breast milk or 
any lactose-based infant formula is to be discontinued 
from birth and replaced with alternate sources such as 
soy milk. This restriction is to be continued life long, 
though with advancing age strict restriction becomes 
difficult. Recent studies have looked into the possibility 
of less strict control of galactose in the diet and found 
no difference in complications. Also, in some patients, 
the major source of galactose appears to be an endog-
enous source. Thus, further studies are needed to assess 

the possibility of inhibiting the formation of galactose-
1-phosphate.26 

Conclusion
The true incidence of galactosemia in India is still 
unknown. Universal screening for galactosemia using 
the monoanalyte screening technique should be encour-
aged. The cost of screening for galactosemia is much 
less than that of a blood culture. Thus, perinatologists 
should at least consider “target screening” of infants 
with unexplained gram-negative sepsis and jaundice 
and infants who fail to thrive so that more infants may 
be saved. Dietary restriction is the only treatment at 
present. Further research is warranted to explore molec-
ular diagnostic techniques for screening of galactosemia 
and to assess the possibility of inhibition of galactose-
1-phosphate in the treatment of galactosemia. 
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