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Abstract

Inborn errors of metabolism (IEM) are a group of inherited disorders occurring due to a sin-
gle gene defect, resulting in accumulation of an abnormal metabolite leading to varied mani-
festations and complications. Early recognition and treatment are the best determinants of
outcome in such patients. Objective: With the objective of providing a guide towards early di-
agnosis of IEM among patients having strong clinical suspicion, we have screened 128 urine
samples from patients with either metabolic or neurological features. Method: Urine samples
were analysed for abnormal constituents like reducing sugar, proteins, ketone bodies by rou-
tine laboratory chemical tests. Special tests were done for phenylketones, organic acids, keto-
acids, tyrosine, mucopolysachharides supported by thin layer chromatography for amino-
acidurias. Results: Most common positive tests reported in our study are, non specific general-
ized aminoacidurias (58%), branched chain aminoacidurias (14%), tyrosinuria (13%),
methlymalonic aciduria (7%) followed by mucopolysaccharidosis (4%) and phenylketonuria
(2%). The common clinical manifestations observed among all participants were neurological
features like convulsions (25.7%), delayed milestones (17.9%), and followed by metabolic aci-
dosis (17.2%) and hypoglycemia (10.1%). Conclusion: High index of suspicion from clinicians
supported by preliminary screening tests can aid in early presumptive diagnosis, which helps
in initiating early treatment to prevent lethal neurological complications.
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Introduction

Inborn errors of metabolism (IEM) comprise a diverse
group of heterogeneous disorders manifesting in pediatric
population. The metabolic error is caused due to lack or
deficiency of key enzyme or coenzyme of an intermediary
metabolic pathway causing urea cycle defects, aminoaci-
dopathies, organic acidemias, fatty acid oxidation defects
and errors in energy metabolism [1].

The most common clinical presentation associated with
IEM includes CNS manifestations, lethargy, poor feeding,
recurrent vomiting and failure to thrive. Acute encephalo-
pathy due to hyperammonemia, is especially observed in
urea cycle defects and many organic acidemias. Among
the inborn errors, the largest group typically associated
with overwhelming metabolic acidosis in infancy is the
group of organic acidemias, like methylmalonic acidemia,
propionic acidemia and isovaleric acidemia. Glycogen
storage disorders may be associated with hepatomegaly
and hypoglycemia. Mucopolysaccharidoses typically ma-

nifest at later stages of life with coarse facial features,
hepatospelnomegaly, skeletal abnormalities and hernias
[2].

Earlier studies carried out by Kumta et al, reported that
5.75% cases of mental retardation were due to metabolic
disorders [3]. Screening of 112269 newborn babies for
aminoacid disorders  by Verma et al reported that tyrosi-
nemia, Maple syrup urine disease (MSUD), Phenylke-
tonuria (PKU), hyperglycinemia, homocystinuria and al-
kaptonuria were among the major aminoacidopathies.
Amongst the storage disorders, commonly reported were
mucopolysaccharidoses, glycogen storage disorder and
galactosemia [4]. Kamate et al attributed the high inci-
dence of IEM (2.6%) among patients admitted to NICU to
the high rate of consanguinity found in their study popula-
tion [5].

Most IEMs present in a non specific manner. Hence, it is
indeed essential to screen the newborns for IEM, espe-
cially those presenting with metabolic or neurological
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disorders, so that treatment wherever available, can be
initiated at the earliest to reduce morbidity and mortality
rates. Hence, we intended to carryout basic urine screen-
ing of newborns with high clinical suspicion for IEM.

Objective

The objective of the present study was to carry out pre-
liminary screening on urine samples from pediatric popu-
lation with either metabolic or neurological manifesta-
tions for inborn errors of metabolism.

Material and Methods

The present study is a cross sectional time bound study
carried out from 2007 to 2009. A total of 128 samples
were analysed from suspected cases of IEM. Screening
tests were considered in patients who presented with any
of the following features like convulsions, failure to
thrive, regression of milestones, recurrent vomiting, men-
tal retardation, skeletal deformities, organomegaly, meta-
bolic acidosis, hypoglycemia or jaundice. In many of the
cases family history and sibling history were much con-
tributory for diagnosis, like history of consanguinity, sib-
ling deaths due to similar illness, repeated abortions etc.
25 ml of random sample of urine was collected in a sterile
plastic container with 5 drops of 6N HCl as preservative.
Sample was centrifuged at 5000 rpm for 15 minutes and
supernatant was analysed for all physical and chemical
parameters. Following laboratory investigations were in-
cluded in the screening protocol [6]- Benedicts test for
reducing substances, Suphosalycilic acid test for proteins,
Rotheras test for Ketone bodies, Ferric chloride test for
Phenylketonuria, Dintrophenylhydrazine test for alpha
keto acids, Nitrosonaphthol test for tyrosine, Para nitro-
aniline test for methylmalonic aciduria, Cyanide nitropru-
sside test for cysteine and homocysyteine, Ammoniacal
silver nitrate test for homocysteine, Methylene blue spot
test and Cetyl pyridinium chloride (CPC) citrate turbidity
test for mucoplysaccharidoses, Test for porphobilinogen,
Thin layer chromatography for aminoacids and carbo-
hydrates [7].

Additional investigations which supported our diagnosis
were Arterial blood gas analysis, Liver function tests,
Ammonia, Lactic acid, Serum electrolytes, Urea and crea-
tinine. Any positive cases reported by these investigations
were referred to higher centers for confirmation.

Results

During the course of our study, we have analysed 128
samples, among which 55 were given presumptive diag-
nosis of IEM based on positive screening tests, urinary
aminoacidogram by TLC and clinical correlation.

Table-1 shows the age and sexwise distribution of sus-
pected IEM cases. There was preponderance of males
(74.2%) compared to females (25.8%) in the study group.
Age distribution showed that maximum participants were
neonates (42.9%) and only 9.4% cases were >5 years of
age, indicating that late onset disorders are less prevalent
compared to acute conditions manifesting in newborns.

Table 1.  Age and Sex wise distribution of participants

Total number of samples 128
Sex Males 95 (74.2%)

Females 33(25.8%)
Age Neonates 55(42.9%)

1 month to 6 months 14(10.9%)
6 months to 1 year 18(14.1%)
1 year to 5 years 29(22.6%)
>5 years 12(9.4%)

Table 2. Preponderance of clinical presentations among
all participants

Presentations Number of
Patients

H/O Consanguinity 17(13.3%)
H/O Sibling deaths 08(6.2%)
Convulsions 33(25.7%)
Delayed milestones 23(17.9%)
Failure to thrive 15(11.7%)
Lethargy 12(9.4%)
Vomiting 12(9.4%)
Coarse facial features 05(3.9%)
Encephalopathy 05(3.9%)
Microcephaly 05(3.9%)
Mental retardation 04(3.1%)
Skeletal deformities 04(3.1%)
Cerebral palsy 02(1.6%)
Corneal deposits 02(1.6%)

Table 3. Commonest laboratory findings among all
 participants

Metabolic acidosis 22(17.2%)
Hypoglycemia 13(10.1%)
Organomegaly 08(2.3%)
Hyperbilirubinemia 03(6.2%)

Table 4. Positive screening tests reported

Total number of samples analysed 128
Total number of positive tests reported 55 (43%)
Generalised aminoaciduria 32 (58%)
Branched chain aminoaciduria 8 (14%)
Tyrosinuria 7 (13%)
Methylmalonic aciduria 4 (7%)
Mucopolysaccharidosis 2 (4%)
Phenylketonuria 1 (2%)
Methioninuria 1 (2%)
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Analysis of various clinical presentations and available
family history is shown in Table-2. The data suggests that
the most common presentations were convulsions
(25.7%), delayed milestones (17.9%), and failure to thrive
(11.7%). Common laboratory features were metabolic
acidosis (17.2%) followed by hypoglycemia (10.1%) (Ta-
ble-3).

Table 4 shows the abnormal cases reported among a total
of 128 cases analysed.

Further detailed analysis of the data (Table-5) showed
that, among the children who presented with convulsions,

55% showed positive screening tests. Maximum were in
the neonatal age group. Out of these 18 positive cases, 10
were generalized aminoacidurias, 5 were branched chain
aminoaciduria, and one cases each of methylmalonic aci-
duria, tyrosinuria and phenylketonuria.

Among children who presented with developmental de-
lay, >50% showed positive screening tests. Most of them
were between 6 months to 3 years. Among these 12 cases,
8 were having generalized aminoaciduria, 3 presented
with tyrosinuria and 1 showed branched chain amino-
aciduria.

Table 5. Predominant features of positive screening tests

Convulsions Developmental
Delay

Metabolic Acidosis Hypoglycemia

Total cases 33 23 22 13
Positive screening tests 18(55%) 12 (52%) 12 (54%) 7 (54%)
Age - Neonates

- 1month-1 year
- 1-5years

10
5
3

0
7
5

3
6
3

5
0
2

Sex - Males
-Females

15(83%)
3

8 (66%)
4

8 (66%)
4

6 (86%)
1

Generalised aminoaciduria 10 8 5 1
Branched chain aminoaciduria 5 1 3 5
Methylmalonic aciduria 1 0 3 1
Tyrosinuria 1 3 1 0
Phenylketonuria 1 0 0 0

Figure 1. Thin layer chromatographic pictures of Urinary aminoacids; a) Generalised aminoaciduria; b)
Branched chain aminoaciduria; c) tyrosinuria; d)Phenylketonuria; e) Methioninuria

Discussion

Most of the IEM usually present with CNS symptoms.
Seizures were a dominant symptom (26%) followed by
delayed milestones (18%) as is reported in literature [8].
Various studies have reported that, over one-third of the
IEMs are characterized by CNS involvement and neuro-
logical symptoms are the most prominent clinical
problems associated with them. Routine screening for
IEM in children with developmental delay has a diagnos-

tic yield of approximately 1% that can increase to 5% in
specific situations such as in the case of relatively ho-
mogenous and isolated populations or if there are clinical
indicators [9].

Metabolic acidosis was the second common finding
among our study subjects (17%). Among them >50%
were positive for screening tests. Three of them were po-
sitively diagnosed as cases of methlymalonic aciduria, 3
had branched chain aminoaciduria and one showed ty-
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rosinuria. An increased anion gap (>25mmol/L) observed
in 2 cases was an interesting finding, which may be due to
accumulation of fixed acids and/or organic acids. The
group of organic acidemias including methlymalonic,
propionic and isovaleric acidemias are among the impor-
tant causes for wide anion gap metabolic acidosis [9].

Generalised aminoaciduria
In our study, maximum cases (58%) were nonspecific
generalized aminoacidurias. The predominant aminoacids
found in urine were glycine, serine, alanine, glutamate
using TLC (Fig 1a). Our findings can be attributed to sec-
ondary abnormalities of aminoacid concentration in plas-
ma and urine like, severe hepatocellular disease, renal
tubular disease, catabolic states, malnutrition, malig-
nancy, infections, pregnancy, vitamin deficiencies, burns
and other injuries. These secondary causes have to be
ruled out before attributing it to a specific inborn meta-
bolic disorder [9]. In a 30 year survey, Mattingley JM
reported that nonspecific generalized aminoaciduria was
the most frequent abnormality found, comprising 70% of
abnormal results, with cystine-lysinuria to be the next
most common disorder [10].

Branched chain aminoaciduria
During the course of our study, we found 8 cases with
branched chain aminoaciduria. Most commonly the pa-
tients had wide anion gap metabolic acidosis and ketonu-
ria. DNPH test for alpha keto acids was positive in 5 pa-
tients. TLC showed significant excretion of branched
chain aminoacids (Fig 1b). Classic Maple Syrup Urine
Disease (MSUD) has a neonatal onset with encephalopa-
thy, and is the most severe and common form of MSUD
[11]. Few of these patients may be responsive to vitamin
thiamine [3]. Dietary therapy has to be initiated within 2
weeks of birth to achieve normal intellect and it should be
a long term mode of treatment [12].

Tyrosinuria
We are reporting here 7 cases of transient tyrosinuria who
were in the age group of 3 months to 3 years and all of
them were males. They manifested with developmental
delay, failure to thrive and convulsions. History of con-
sanguinity was present in three of them. Urine gave
strong positive nitrosonaphthol test for the presence of
tyrosine, which was confirmed by the presence of tyrosine
in urinary TLC (Fig 1c).

Transient neonatal tyrosinemia is considered to be a be-
nign condition, although there is lack of recent studies to
confirm this information. In older studies, a reduction in
motor activity, developmental alterations, lethargy and
intellectual defect in children was assessed at 4-5years of
age. Oliviera et al have reported highest positivity for ty-
rosinuria (29%) giving nitrosonaphthol test positive
which they attributed to metabolic immaturity. This con-
dition is believed to be the most common alteration in the

metabolism of aminoacids in human beings, with an inci-
dence of 10% having been described among full term
newborns and 30-50% among premature newborns [1].
Neonatal tyrosinemia is associated with increased excre-
tion of tyrosine and its metabolites in 0.2 to 10% of neo-
nates [13]. This condition does not have an exclusive ge-
netic determinant (late maturation of hydroxyphenylpyru-
vate dehydrogenase and tyrosine aminotransferase), but is
also related to prematurity, high protein ingestion during
the first days of life (>3g of protein/Kg), low birth weight,
low ingestion of vitamin C, among other factors [1].

In a child with tyrosinuria and high plasma tyrosine lev-
els, Tyrosinemia type I has to be ruled out especially if
the child is presenting with acute hepatic crisis, hepa-
tomegaly or bleeding diathesis precipitated by intercur-
rent illness. In such a case, confirmation is done by in-
creased plasma and urine succinylacetone levels and defi-
ciency of the enzyme fumaryl acetoacetate hydroxylase
[14].

Methylmalonic aciduria
During the period of our study, we have reported 4 cases
of methylmalonic aciduria, which gave strong positive p-
nitroaniline test. One of the patient had characteristic se-
vere metabolic acidosis with wide anion gap of
>25mmol/L, urine gave positive for ketone bodies and the
child had severe hypoglycemia (RBS- 47mg%). All the
above features are suggestive of organic acidemias. The
presence of ketone bodies in urine rules out fattyacyl
COA dehydrogenase deficiency [9]. Para-nitroaniline test
for methylmalonic acid is strongly positive. Metabolic
ketoacidosis is a clinical hallmark of methylmalonic aci-
duria in infants. A study from china shows methylmalonic
aciduria was the common IEM found and B12 deficiency
was the commonest cause [15]. Therapy consists of pro-
tein restriction, restriction of methylmalonate precursors
and pharmacologic doses of vitamin B12 [16].

Mucopolysaccharidosis
We came across 20 cases with positive CPC citrate tur-
bidity test for mucopolysaccharidosis, but only 10 cases
among that gave methylene blue spot test positive.
Among these only two cases were confirmed based on
skeletal deformities. This indicated that CPC test has
more tendency to give false positive results, as also re-
ported by Oliviera et al, and may be usually associated
with either reducing substances, proteins or altered ami-
noacid pattern especially generalized aminoaciduria [1].
Hence methylene blue spot test was performed, where 10
cases gave positive results. These tests were supported by
strong clinical presentations in the form of skeletal ab-
normalities in our patient like pigeon chest, enlargement
of wrist joint, horizontal ribs which were spatula shaped
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on X-ray, short bullet shaped phalanges, thick skull bone
and corneal opacity.

Phenylketonuria (PKU)

PKU is and autosomal recessive disorder most commonly
caused by a mutation in the gene coding for phenyalanine
hydroxylase. In our patient with PKU, there was micro-
cephaly, muscular hypotonia, cerebral palsy with hy-
popigment hairs which are usually associated with classi-
cal condition [16]. Classically, ferric chloride test for
phenylketones was positive and urine TLC showed in-
creased excretion of phenylalanine (Fig 1d). The neuro-
logical complications could be due to delay in initiation of
prompt dietary therapy as it was not screened for IEM. It
could have been prevented if the condition was diagnosed
at birth and dietary restriction of phenylalanine was initi-
ated.

Methioninuria
We have reported one case of significant methioninuria
which was associated with generalised aminoaciduria (Fig
1e). This finding suggests one of these important meta-
bolic defects – cystathionine beta synthase deficiency or
hepatic methionine adenosyl transferase deficiency. Stud-
ies carried out to identify severe hypermethioninemia
have reported that it was related to ingestion of infant pro-
tein hydrolysate formula with high methionine content.
Extreme hypermethioninemia resulted in cerebral edema
in few of these patients [17]. In the absence of homocys-
teine and cystathionine in urine as found in our case, it
could be suggested that an alternate pathway of methion-
ine breakdown exists in man, and that an enzymatic block
possibly in oxidative decarboxylation of the alpha keto
acid of methionine could have accounted for the presenta-
tion. Such a case was reported to be associated with gen-
eralised aminoaciduria, cirrhosis, islet cell hyperplasia
and renal tubular degeneration [18].

Conclusion

Screening for IEM in suspected cases should always be
done at an earlier age. Positive screening tests give pre-
sumptive diagnosis of IEM. Early recognition of IEM by
screening tests in combination with strong clinical suspi-
cion will help the clinicians to initiate prompt early treat-
ment to prevent lethal neurological complications and
developmental delay. These simple screening tests are
highly cost effective and will reduce the economic burden
of the patients. Definitive diagnosis by specified tests can
be advised for those patients who are positive on screen-
ing tests. This will help to overcome the economic con-
straints in diagnosis of IEM. Hence, there is a need to
provide simple screening tests for IEM, as these disorders
are not uncommon among those children presenting with
non specific symptoms.
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