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Biotinidase deficiency (McKusick 253260) leads to a progressive deficiency of the 
vitamin biotin, an essential cofactor for the carboxylation reactions of pyruvate, 
propionyl-CoA, 3-methylcrotonyl-CoA and acetyl-CoA. This disease usually presents 
with neurological symptoms such as hypotonia, convulsions and ataxia, while skin 
rash and alopecia usually appear later. If treatment is delayed, irreversible brain 
damage such as optic atrophy and neurosensory hearing loss may result. The 
neurological dysfunction appears to be more severe than that observed in holocarboxy- 
lase synthetase (HCS) deficiency, propionic acidaemia or isolated 3-methylcrotonyl- 
CoA carboxylase (MCC) deficiency. A study of the CSF organic acid profile is thus 
relevant. To date only a few reports on this topic have appeared, demonstrating 
unusually high CSF lactate levels (Di Rocco et al 1984; Diamantopoulos et al 1986; 
Fois et al 1986). Here we report detailed CSF organic acid analyses in a series of 
patients with biotinidase deficiency that are compared with those obtained in HCS 
and isolated MCC deficiency. 

PATIENTS AND METHODS 

Seven patients with biotinidase deficiency were included in this study, their ages 
ranging from 2 weeks to 15 years. All were studied at the time of diagnosis before 
biotin supplementation. Their clinical condition varied considerably. The youngest 
patients, discovered by neonatal screening, were either symptom-free (S.M.) or had 
only mild hypotonia (L.W.) while the older patients were severely ill and had severe 
neurological abnormalities. The oldest patient (G.D.) presented with acute vision loss 
at the age of 10 years (Ramaekers et al 1992). For comparison we had the opportunity 
of studying a patient with isolated MCC deficiency (K.K.) (Baumgartner et al 1991) 
who had feeding problems, psychomotor retardation and seizures with consecutive 
hemiplegia at 16 months, and a patient with HCS deficiency (M.T.) who was diagnosed 
after his second ketoacidotic crisis at 18 months. 

Organic acids in CSF and plasma were analysed by gas chromatography-mass 
spectrometry of the trimethylsilyl derivatives mainly as described earlier (Duran et 
al 1988). The reference compound 3-hydroxyisovaleric acid (3-HIVA) (silver salt) was 
synthesized in our laboratory. 
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RESULTS AND DISCUSSION 

The normal organic acid profile of CSF reveals a large amount of lactate ( < 2 mmol/L), 
smaller quantities of 2-hydroxybutyrate and citrate (< 100/~mol/L) and only trace 
amounts of other organic acids (Coude and Kamoun 1992). Biotinidase-deficient 
patients accumulate lactate because of functional pyruvate carboxylase deficiency, 3- 
HIVA due to MCC deficiency and, to a much lesser degree, 3-hydroxypropionate 
reflecting propionyl-CoA carboxylase deficiency (Table 1). The levels of both lactate 
and 3-HIVA found in our patients correlate with the severity of clinical symptoms 
and reflect the degree of biotin deficiency. However, the oldest patient, G.D., had 
normal lactate levels that could be explained by the lower gluconeogenic demand in 
older subjects. It should be noted that this unusual patient showed biphasic kinetics 
of biotinidase with one normal Km (with very low Vm,x) and one highly elevated K m 

for biocytin. The CSF/plasma ratio of lactate in this patient was only moderately 
increased at 1.9, whereas the other patients had ratios of 2.7-3.7. Increased CSF 
lactate has been shown to cause cerebral acidosis (Diamantopoulos et al 1986) leading 
to hyperventilation. 

As well as lactate, higher levels of 3-HIVA were found in CSF compared to those 
in plasma, except in the youngest asymptomatic patient. The CSF/plasma ratios of 
3-HIVA in three symptomatic patients ranged between 4.3 and 8.4. Interestingly, 
3-HIVA concentration in CSF and its CSF/plasma ratio (27.8) were highly elevated 
in the 15-year-old child who had normal lactate levels and only slightly elevated 
3-hydroxypropionate. Since this patient suffered from severe chronic neurological 
problems (optic atrophy, spastic paraparesis), we speculate that 3-HIVA may have 
a specifically harmful effect on the brain. No major changes were observed for other 
organic acids in the CSF such as 2-hydroxybutyrate and citrate (Table 1). 

Biotinidase deficiency results in progressive loss of biotin from birth onwards 
with concomitant decrease of the activities of the biotin-dependent carboxylases, 
particularly of the mitochondrial ones. We have shown in a lethal case that 
carboxylases were much more severely decreased in brain than in liver and kidney 
(Baumgartner et al 1989). The increased CSF/plasma ratio of lactate and 3-HIVA in 
biotinidase-deficient patients provides further evidence for our idea tha t  biotin 
depletion occurs earlier in the CNS than in other organs. This is also in accordance 
with the presence of neurological symptoms in the absence of significant organic 
aciduria seen in several cases. 

Treatment with biotin rapidly reversed all CSF organic acid abnormalities (results 
not shown), indicating an efficient transfer of pharmacological doses of biotin across 
the blood-brain barrier. The analysis of CSF organic acids is an important and 
sensitive parameter for the evaluation of biotil ~atus  in brain. It may also be of 
prognostic value. These studies provide the b~sis for a possible role for in vivo 

magnetic resonance spectroscopy of brain lactate for the monitoring of treatment. 
Comparison of the organic acid abnormalities seen in biotinidase deficiency with 

the other carboxylation disorders showed interesting differences. Neither the isolated 
MCC-deficient nor the HCS-deficient patient had strikingly increased CSF/plasma 
ratios of lactate or 3-HIVA. However, the CSF concentration of 3-HIVA in patient 
K.K. with MCC deficiency was as high as in the severely ill patients with biotinidase 
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deficiency (Table 1). Indeed, this patient had severe neurological abnormalities. In 
contrast, the HCS-deficient patient (M.T.), whose CSF 3-HIVA was lower than in 
any of the symptomatic patients with biotinidase deficiency, showed no neurological 
symptoms while his lymphocyte carboxylase activities were severely decreased 
(<  10% of mean normal). These findings indicate that in HCS deficiency the brain 
carboxylases are not predominantly affected in contrast to biotinidase deficiency. 

Patients with defects in which a cerebral accumulation of C-4 or C-5 hydroxycar- 
boxylic acids occurs are prone to neurological dysfunction. This holds true not 
only for biotinidase deficiency, but also for 4-hydroxybutyric aciduria and L-2- 
hydroxyglutaric aciduria. More investigations are needed for the elucidation of the 
effect of these acids on brain function. 
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