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Abstract
Background: Uric acid is the metabolic end product of purine metabolism in humans. Altered serum and urine uric
acid level (both above and below the reference ranges) is an indispensable marker in detecting rare inborn errors of
metabolism. We describe different case scenarios of 4 Sri Lankan patients related to abnormal uric acid levels in blood
and urine.
Case 1: A one-and-half-year-old boy was investigated for haematuria and a calculus in the bladder. Xanthine crystals
were seen in microscopic examination of urine sediment. Low uric acid concentrations in serum and low urinary
fractional excretion of uric acid associated with high urinary excretion of xanthine and hypoxanthine were compatible
with xanthine oxidase deficiency.
Case 2: An 8-month-old boy presented with intractable seizures, feeding difficulties, screaming episodes, microcephaly, facial dysmorphism and severe neuro developmental delay. Low uric acid level in serum, low fractional excretion
of uric acid and radiological findings were consistent with possible molybdenum cofactor deficiency. Diagnosis was
confirmed by elevated levels of xanthine, hypoxanthine and sulfocysteine levels in urine.
Case 3: A 3-year-10-month-old boy presented with global developmental delay, failure to thrive, dystonia and selfdestructive behaviour. High uric acid levels in serum, increased fractional excretion of uric acid and absent hypoxanthine–guanine phosphoribosyltransferase enzyme level confirmed the diagnosis of Lesch–Nyhan syndrome.
Case 4: A 9-year-old boy was investigated for lower abdominal pain, gross haematuria and right renal calculus. Low
uric acid level in serum and increased fractional excretion of uric acid pointed towards hereditary renal hypouricaemia
which was confirmed by genetic studies.
Conclusion: Abnormal uric acid level in blood and urine is a valuable tool in screening for clinical conditions related
to derangement of the nucleic acid metabolic pathway.
Keywords: Uric acid, Hypouricaemic hypouricosuria, Hypouricaemic hyperuricosuria, Hyperuricaemic
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Background
Uric acid (UA) is the end product of degradation of
purine nucleotides. Altered UA level in both serum and
urine is an indispensable marker in the detection of rare
inborn errors of metabolism (IEM) of purine nucleotide degradation system. This article describes different clinical scenarios of 4 Sri Lankan patients detected
by analyzing UA in serum and urine in the department
of chemical pathology, Lady Ridgeway Hospital for Children, Sri Lanka.
Case presentation
Case 1

One-and-half-year-old boy of non-related parents presented with recurrent episodes of haematuria. Ultrasound scan of the abdomen revealed a bladder calculus
for which he underwent vesicolithotomy. Though physical examination showed stunted growth (weight and
height were below 3rd centile) his motor and mental
development was appropriate for age. He was referred to
the department of chemical pathology for further investigations to find the aetiology of the stone.
Xanthine crystals were detected by microscopic examination of his urine. Biochemical analysis demonstrated
low serum and urine UA. Further analysis of his urine
revealed high xanthine and hypoxanthine levels (Table 1).
Hypouricaemic hypouricosuria with high xanthine and
hypoxanthine in urine in a child who presented with a
renal stone favoured the diagnosis of xanthinuria type I

or II. He was started on low purine diet and advised to
increase the daily fluid consumption.
Case 2

An 8-month-old boy born to consanguineous parents
presented with intractable seizures and global developmental delay. On clinical examination he was found
to have microcephaly with overriding sutures, micrognathia, large right auricle and narrow bifrontal diameter.
Ophthalmological examination detected subluxation of
lenses. Diffuse brain atrophy with mild encephalomalacia and prominent ventricles were evident on ultrasound
scan of the brain.
Uric acid results demonstrated a hypouricaemic
hypouricosuric pattern. Sulfocysteine, xanthine and
hypoxanthine were elevated in urine (Table 1). The clinical and radiological suspicion of molybdenum cofactor
deficiency (MOCD) was confirmed biochemically.
Case 3

A 3-year-10-month-old boy born to consanguineous parents was noted to have episodes of excessive crying and
sleep disturbances since the age of 1 month. On examination the child was found to have global developmental
delay, failure to thrive (height and weight < 3rd centile)
and hypertonia with prominent dystonia. Bite wounds
over hands and lips with evidence of bleeding were
noted, suggesting a self-destructive behaviour which had
been present since the age of 2 years. Macrocytes were

Table 1 Biochemical and molecular parameters of 4 patients

Profile

Patient 1

Patient 2

Patient 3

Patient 4

Hypouricaemic hypouricosuria

Hypouricaemic hypouricosuria

Hyperuricaemic hyperuricosuria

Hypouricaemic hyperuricosuria
97 (119–428)

Serum uric acid (μmol/l)

50 (119–428)

45 (119–428)

525 (119–428)

Urine uric acid: creatinine
(mmol/mmol)

0. 001 (0.5–1.40)

0. 01 (0.7–1.50)

2.22 (0.4–1.1)

Fractional excretion of uric
acid (%)

1.8 (15–22)

0.48 (15–22)

16 (15–22)

Xanthine: creatinine (mmol/
mmol)

0.33 (<0.1)

1. 45 (<0.1)

Hypoxanthine: creatinine
(mmol/mmol)

0. 04 (<0.01)

0.104 (<0.01)

Sulfocysteine: creatinine
(μmol/mmol)

33 (15–22)

188.9 (0–10)

Enzyme assay

Undetectable hypoxanthine–guanine phosphoribosyl transferase

Genetic analysis

HPRT1 gene HPRT1
SLC22A12 gene revealed
c.402+1G>A (IVS5+1G>A)
missense heterozygous
transitions p.T467M

Diagnosis

Xanthinuria type I or II

Molybdenum cofactor
deficiency

Lesch–Nyhan disease

Renal hypouricaemia type 1
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seen in the blood smear. MRI of the brain showed mild
cerebral atrophy.
Hyperuricaemic hyperuricosuria favoured the clinical suspicion of Lesch–Nyhan disease (LND) which
was confirmed by undetectable hypoxanthine–guanine
phosphoribosyltransferase (HGPRT) activity (Table 1).
Sequencing analysis of the gene for HGPRT revealed
that the proband is hemizygous for the mutation HPRT1
c.402+1G>A (IVS5+1G>A).
Case 4

A 9-year-old boy, born to non-consanguineous parents
with a right side renal calculus was referred to the department of chemical pathology for further investigations. He
had presented with lower abdominal pain and gross haematuria for 2 weeks duration. His physical examination
had been unremarkable.
Biochemical investigations showed a hypouricaemic
hyperuricosuric pattern (Table 1). The sequencing analysis of the SLC22A12 gene revealed missense heterozygous transition p.T467M supporting the diagnosis of
renal hypouricaemia type 1.
Analytical methods

Uric acid and creatinine in blood and urine were measured in multichannel auto-analysers (KONE 30 Finland,
and Beckmann Coulter AU 480 USA) in the department of chemical pathology, Lady Ridgeway Hospital, Sri
Lanka.
Urinary xanthine, hypoxanthine and sulphocysteines
were determined by high-performance liquid chromatography. HGPRT and adenine phosphoribosyltransferase activities in erythrocyte lysates were analysed by
high-performance liquid chromatography. All these tests
were performed in the Purine Research Laboratory at St
Thomas’ Hospital, London, UK. High performance liquid chromatography determination of hypoxanthine and
xanthine in urine were performed as described previously [1].
Mutational analysis of HPRT1 and SLC22A12 were carried out in the Purine Research Laboratory at St Thomas’
Hospital, London, UK and the Department of Molecular
Biology and Immunogenetics, Institute of Rheumatology, Czech Republic, Prague respectively. PCR amplification of SLC22A12 and sequence analysis was performed
according to Stiburkova et al. [2].

Discussion
Uric acid (UA) is the end product of degradation of
purine nucleotides. Abnormal levels of uric acid in serum
and urine may lead to detection of many defects in the
purine metabolic pathway (Fig. 1) [3].
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The diagnostic suspicion was not raised until low
serum UA was found in two boys when they were
referred to the Department of Chemical Pathology to
find the aetiology for the urolithiasis. Elevated fractional
excretion of uric acid ( FEUA) led to the diagnosis of idiopathic renal hypouricaemia in 1 boy (case 4) and reduced
FEUA favoured xanthinuria in the other (case 1). These 2
cases highlight the importance of analyzing UA in blood
and urine in patients who present with either haematuria
or urinary stones. UA supported the clinical diagnosis of
MOCD (case 2) and LND (case 3) in the other 2 patients
who presented with neurological manifestations.
Biochemical profile of hypouricaemic hypouricosuria
with elevated urinary xanthine and hypoxanthine levels
were seen in 2 patients: xanthinuria type I or II in a child
who presented with a bladder stone (case 1) and MOCD
(case 2) in an infant who presented with neurological
manifestations.
Classical xanthinuria has two forms: an isolated deficiency of xanthine oxidase/dehydrogenase (type I), or
a dual deficiency (type II), in which a related molybdo
enzyme, aldehyde oxidase, is deficient. Patients inheriting xanthinuria types I or II usually present with xanthine
stones, xanthine crystals in the urine or acute kidney failure [4]. The two forms can be differentiated by measuring
urinary oxypurinol after administering allopurinol [5].
This test was not carried out in our patient.
Molybdenum cofactor deficiency, xanthinuria type III,
a rare autosomal recessive neurodegenerative disorder is
characterised by a combined deficiency of molybdenum
cofactor-dependent enzymes sulfite oxidase, xanthine
dehydrogenase and aldehyde oxidase [6, 7]. They present
with intractable seizures progressing to severe global
developmental delay [8].
The hypouricaemic hypouricosuric state in both conditions is due to the deficiency of xanthine dehydrogenase
enzyme involved in the catabolism of purines (Fig. 1). In
MOCD, the clinical picture of sulfite oxidase deficiency,
an enzyme involved in the metabolism of sulphites, dominates that of xanthine dehydrogenase [9], though elevated biochemical markers are due to deficiency of both
xanthine dehydrogenase (xanthine and hypoxanthine)
and sulfite oxidase (S-sulphocysteine) (Fig. 1).
In both patients, elevation of xanthine in urine was
greater than that of hypoxanthine (Table 1). The preferential excretion of xanthine in urine results from extensive recycling of hypoxanthine by the enzyme HGPRT,
for which xanthine is not a substrate. In addition xanthine continues to accumulate due to the conversion of
guanine to xanthine by the enzyme guanase (Fig. 1) [10].
Hereditary disorders of the renal handling of urate,
manifested in high urate clearance such as idiopathic
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Fig. 1 Metabolic pathway of purines. HGPRT hypoxanthine guanine phosphoribosyl transferase, PNP purine neucleosidephosphorylase, AMP
adenosine monophosphate, IMP inosine monophosphate, GMP guanosine monophosphate, AK adenosine kinase, AMPD AMP deaminase, AD
adenosine deaminase

renal hypouricaemia (RHUC), Fanconi and Hartnup syndromes cause hypouricaemic hyperuricosuria [11]. The
diagnosis of RHUC was made in a boy who presented
with episodes of haematuria and a biochemical profile
of hypouricaemic hyperuricosuria (case 4). RHUC is an
autosomal recessive hereditary disorder [12]. It is characterized by impaired tubular UA transport, reabsorption
insufficiency and/or the acceleration of secretion [13].
The diagnosis of RHUC is based on biochemical markers: hypouricaemia and increased FEua. Confirmation
of the diagnosis is accomplished by molecular analysis
of the SLC22A12 gene [14]. Currently, there are two subtypes of RHUC. Type 1 is characterized by loss of function mutations in the SLC22A12 gene, which encodes
urate transporter 1. Mutations in the SLC22A12 gene
are responsible for most cases of renal hypouricemia. In

contrast, type 2 was revealed to be caused by defects in
the SLC2A9 gene, which codes transporter GLUT9 [15,
16].
Although most of the patients are asymptomatic some
of them are at risk of developing UA nephrolithiasis or
acute kidney injury following severe exercise [17]. On the
basis of genetic analysis due to the presence of a mutation in the SLC2A9 gene our patient (case 4) is affected by
renal hypouricaemia type 1.
In our child discussed in case 3, clinical suspicion of
LND arose from the presence of self-injurious behavior
associated with global developmental delay and hyperuricaemic hyperuricosuric biochemical profile.
Purine pathway defects that belong to hyperuricaemic
hyperuricosuria include LND, Kelley–Seegmiller syndrome, 5-phosphoribosyl-1 pyrophosphate synthetase
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over activity and myoadenylate deaminase deficiency
[11].
LND is an X-linked recessive disorder that results from
mutations in the HPRT1gene [18]. HGPRT, an enzyme
in the purine salvage pathway, recycles the purine bases,
hypoxanthine and guanine, into the usable purine nucleotide pools (Fig. 1). In the absence HGPRT, hypoxanthine
and guanine cannot be recycled and, instead they are
degraded to UA. The failure of purine recycling together
with enhanced purine synthesis is responsible for the
overproduction of UA (Fig. 1) [19].
Despite this overproduction, marked increase of the
serum uric acid level is prevented by efficient renal clearance. Hence, measurement of urinary uric acid provides
a more accurate estimate of total UA production [11, 18].
Our patient exhibited the typical features mentioned in
the literature such as short stature, recurrent self-injury
and asymptomatic macrocytosis [20].

Conclusion
Inherited defects of purine metabolism comprise a group
of disorders with very variable clinical manifestations.
Altered levels of serum and urine UA levels may constitute effective markers in screening especially when
expensive techniques may not be available for the detection for inborn errors of metabolic disorders of the purine
pathways. Early diagnosis is beneficial to the patient and
will enable targeted management and investigations.
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