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Abstract
We present the first paediatric case of Adenine Phosphoribosyl transferase (APRT) Deficiency in Australia and New Zealand. 
This is a rare autosomal recessive disorder of purine metabolism, resulting in 2,8-dihydroxyadenine crystalluria associated with 
recurrent urolithiasis and significant risk of renal impairment, often requiring a combined surgical and medical approach. A 
13-month-old girl presented with sepsis secondary to obstructive urolithiasis and was subsequently diagnosed with APRT defi-
ciency during her first hospital admission. She required both endoscopic and open surgical intervention for stone removal. She 
was also commenced on maintenance allopurinol, dietary restrictions and a surveillance programme for stone recurrence. We 
compare her case to existing case studies and examine more recent research looking at alternative medications to allopurinol. 

Conclusions: The early manifestations of APRT deficiency in this case provide valuable insight into aspects of early diagnosis 
and management. 
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Introduction
We present the first paedatric case of Adenine Phosphoribosyl 
Transferase (APRT) Deficiency in New Zealand and Austra-
lia. 
APRT deficiency is a rare autosomal recessive disorder of 
purine metabolism leading to disordered adenine breakdown. 
When APRT is deficient, xanthine dehydrogenase converts 
adenine to 8-hydroxyadenine, then subsequently to 2,8 di-
hydroxyadenine (2,8-DHA). 2,8-DHA is highly insoluble in 
urine resulting in crystalluria and urolithiasis. In children, the 
presentation of urolithiasis includes pain, haematuria, and 
Urinary Tract Infection (UTI). As 2,8-DHA stones are radio-
lucent, initial diagnosis of urolithiasis is via ultrasonography 
[1]. The confirmation of diagnosis is based on stone analysis, 
2,8-DHA crystalluria on 24-hour urinalysis and/or null APRT 
enzyme activity [2,3]. Gene testing for the APRT gene on 
chromosome 16q24 can be performed [4]. Due to the risk of 
recurrent stones and renal failure, a combined medical and 
surgical approach is often required.

Case Report
Miss A presented at 13 months of age with obstructive uro-

sepsis secondary to a 10 mm diameter calculus at the left 
Pelviureteric Junction (PUJ). She had three days of fever and 
vomiting, continuing despite 48 hours of oral co-trimoxazole 
commenced in the community for presumed UTI.  
Miss A’s medical and surgical history, growth and develop-
mental milestones were normal. Immunisations were up to 
date. She is a Caucasian New Zealander born to non-consan-
guineous parents with no family history of nephrolithiasis. 
Initial examination findings of note included temperature of 
38.6○C, mild tachycardia (130 bpm) and tachypnoea (Respira-
tory rate 36 breaths/min). Laboratory tests confirmed raised in-
flammatory markers and normal renal function. The first urine 
sample cultured Citrobacter freundii as the predominant organ-
ism in a mixed growth. 
A urinary tract ultrasound performed on day two showed a 
dilated left upper pole calyx with echogenic debris, reduced 
perfusion of the left kidney and associated pyelonephritis. Re-
peat ultrasound performed three days later for persistent fevers 
confirmed persistent left calyceal dilatation worst at the upper 
pole, echogenic debris and a 10-millimetre calculus at the left 
PUJ [Figures 1a-c]. Right urinary tract was unremarkable.

After transfer to a tertiary surgical centre, she underwent ul-
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Figure 1: Initial ultrasound confirming left kidney upper pole calyx dilatation (X) with debris (arrow) and reduced perfusion (Y) in 
keeping with pyelonephritis

Table 1: Initial 24 hour urinalysis results
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Figure 2: Nephrostogram confirming multiple urinary tract 
stones, mainly in the left upper pole calyx, mid and distal ure-
ter, with associated urinary tract obstruction.

Figure 3: Intra-operative appearance of intra-renal stone on 
nephroscopy

Figure 4: Gross appearance of urinary tract stones

Figure 5: Intraoperative ultrasound images during pyeloli-
thotomy
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trasound guided insertion of left nephrostomy tube. The turbid 
urine from nephrostomy grew citrobacter freundii, sensitive to 
both gentamicin and co-trimoxazole. 
A nephrostogram performed five days later showed multiple 
left intra-renal calculi and obstructing ureteric calculi, so she 
proceeded to open left pyelolithotomy. Intra-operative find-
ings confirmed inflamed left renal parenchyma with multiple 
fibrinous adhesions to peri-nephric tissue, multiple small cal-
culi measuring up to five millimetres with debris in all poles, 
intra-parenchymal calcification and a dilated proximal left ure-
ter. Nephroscopy was used to facilitate stone clearance. Stones 
removed were sent for analysis [Figure 2]. Clearance of all 
intrarenal stones was confirmed on nephroscopy and intra-op-
erative ultrasound. A left nephrostomy tube, Double J ureteric 
stent and an indwelling urethral catheter were placed. Follow 
up ultrasound performed five days later showed a new non-
obstructing 2.6 mm intrarenal stone in the right midpole, while 
two small stones remained in the left upper pole calyx with 
mild residual dilatation. 

Anitibiotic therapy continued throughout, and oral potassium 
citrate was started while metabolic investigations were com-
pleted. Staged removals of the urethral catheter, nephrostomy 
tube and ureteric stent were all successful during the 10 weeks 
following surgery. 

As IR spectroscopy was unavailable in the local laboratory, 
stone composition was initially reported as urate (LTA Kidney 
Stone Analysis Kit, Milano, Italy). This kit uses a wet chemi-
cal analysis technique: a technique known to have an inability 
to differentiate between urate and 2,8-dihydroxyadenine [1,2]. 
Metabolic analysis of 24-hour urine collection confirmed raised 
urinary adenine 0.074 mmol/L (normal range: 0.000-0.001), 
and urinary 2,8-dihydroxyadenine of 0.254 mmol/L (normal 
range: 0.000-0.001). The original urinary tract stones were sent 
to a laboratory with Fourier Transform Infrared Spectroscopy 
(FTIR) and these confirmed stones were 60% 2,8-DHA, 20% 
uric acid and 20% unknown.  All other serum and urinary bio-
chemical investigations were unremarkable. 
Definitive treatment with allopurinol, low protein diet and in-
creased oral fluid intake was started and potassium citrate dis-
continued. Expert advice was obtained from the Great Ormond 
Street Children's Hospital (United Kingdom), Mayo clinic 
(United States of America) and National University Hospital 
of Iceland. 
Miss A is now 3 years old and has been registered with The 
Rare Kidney Stone Consortium Patient Registry [3]. She con-
tinues on lifelong allopurinol and completed a one-year course 
of prophylactic co-trimoxazole. Long-term dietary plans in-
clude purine restriction and targeted oral fluid intake (1.5 L/
m2 BSA). Her surveillance investigations for nephrolithiasis 
include six-monthly urinary tract ultrasound with paired urine 
(2, 8- DHA/Creatinine ratio, microscopy and albuminuria) 
and blood tests (renal function). Post-operative DMSA reno-
gram was normal. She has not required any further surgery for 
urolithiasis, but has passed several calculi spontaneously. Her 
most recent surveillance ultrasound in June 2019 has shown a 
stable 6 mm non-obstructing left lower pole renal stone, with 
adequate interval growth of both kidneys.

Discussion
The estimated prevalence of APRT deficiency in Caucasians 

ranges from 1 in 50,000 to 1 in 100,000, based on current het-
erozygote rates of 0.4-1.2%. Ceballos-Picot et al argue that due 
to the much lower number of cases reported compared to the 
estimated prevalence, APRT deficiency may be under-diag-
nosed [2]. To date the largest paediatric case series includes 21 
patients over a 32 years recruitment period [1]. Diagnosis of 
APRT deficiency was based on at least one of: 2,8-DHA crys-
talluria, stone analysis or null APRT activity in blood eryth-
rocytes [1,7-11]. Fortunately, Miss A had a relatively prompt 
diagnosis in contrast to their study showing 20% of children 
having a delayed diagnosis, and a median delay of one year. A 
combined medical and surgical approach is often required, as 
with Miss A, with a 47% surgical intervention rate reported in 
one case series [1].
 
The first case report of APRT deficiency in the English language 
was published in 1979 by Barratt et al, regarding a 1-year-old 
girl with a delayed diagnosis of urolithiasis at 21 months af-
ter initially being managed for recurrent UTI [7]. Similar to 
our case, the stone was initially mistaken for a uric acid stone 
and it was only on further testing that a 2,8-DHA stone was 
confirmed [7]. This publication reveals a useful description 
of two important differences between 2,8-DHA and uric acid 
stones. Firstly, they can be differentiated based on the gross 
appearance: 2,8-DHA stones are friable, reddish-brown then 
grey-blue when crushed; while uric acid stones are hard and 
yellow [7,8,12]. Secondly, the solubility of 2,8-DHA stones 
does not change with pH changes, so unlike uric acid stones, 
urine alkalinisation therapy is ineffective. The misdiagnosis of 
2,8-DHA stones as uric acid stones, or more accurately, the in-
ability for older stone composition techniques to differentiate 
between the two, is well-known with some centres referring to 
external laboratories for analysis [2,10,12,13]. Therefore, the 
recommendation is that stone composition is analysed using 
stereomicroscope/IR spectroscopy, rather than biochemical 
assays [2,12,13]. As this is unavailable in some laboratories, 
the onus is on clinicians and pathologists to have a high lev-
el of suspicion in considering APRT deficiency in any child 
who presents with "uric acid" stones or any radiolucent stone. 
However, of note is 2,8-DHA stones can occasionally be radio-
opaque if they contain calcium salts [2]. 
Miss A's treatment with allopurinol and a low purine diet was 
based on expert opinion and current  literature [2,13]. Allopu-
rinol is the mainstay of treatment for APRT deficiency, as the 
inhibition of xanthine dehydrogenase reduces the formation of 
2,8-DHA and hence reduces the chances of stone formation(3). 
One case series confirmed that stone recurrence is associated 
with patients who have more frequently positive surveillance 
crystalluria1. Recently, there has been interest in alternative se-
lective non-purine xanthine oxidoreductase inhibitors. In 2018, 
Edvardsson et al published an open-label, crossover, non-ran-
domised clinical trial comparing febuxostat to allopurinol in an 
adult population for APRT deficiency [3]. This study showed 
that febuxostat (80 mg daily) is tolerated well with no adverse 
effects and it may be more effective than allopurinol (400 mg 
daily) in reducing urinary 2,8-DHA, though the difference was 
not statistically significant and sample size was small (n=8).
Similarly, allopurinol dosing has also been a point of discus-
sion. In the largest paediatric case series to date, patients were 
treated with allopurinol at a median dose of 9 mg/kg/day, with-
in the range recommended for Miss A [1,2]. A lower paediatric 
dose of allopurinol was successfully trialled in a Japanese case 
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report published in 2017 [9]. A 1 mg/kg/day dose (rather than 
the usual 5-10 mg/kg/day) was used in a 30-month-old girl 
with APRT deficiency, and urinary 2,8-DHA crystals remained 
undetectable [9]. A lower effective maintenance dose for allo-
purinol may be an area of research worth pursuing, especially 
for patients diagnosed in early childhood such as Miss A who 
is likely to require life-long allopurinol. 
Miss A has been registered with The Rare Kidney Stone Con-
sortium Patient Registry [14]. In such rare disorders, such reg-
istries are integral for a greater understanding of the natural 
history of this disease, its relation to other metabolic disorders 
associated with urolithiasis and managing the risks of long-
term renal complications [14,15].

Conclusion
APRT deficiency is a rare autosomal recessive disorder with 
significant implications for long term renal function and re-
current urolithiasis. To our knowledge, this is the first case of 
APRT deficiency in New Zealand and Australia. A prompt di-
agnosis was made ensuring appropriate treatment and favour-
able prognosis for long-term renal function and stone manage-
ment. However, this case highlights the risk that misdiagnosing 
stones as uric acid remains an issue in this rare disorder and we 
aim to add to the knowledge of this condition in reporting the 
diagnostic pitfalls. 
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