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Abstract b-Mannosidosis results from a functional defi-
ciency of the lysosomal enzyme, b-mannosidase. While
being a well recognised, naturally occurring disease in
both goats and cattle, it is an extremely rare disorder in
humans with the first cases only being recorded in 1986.
Until now the severity of the human disease has not
mirrored that of its bovine or caprine counterparts, whose
presentation is typically in the neonatal period with both
altered skull morphology and seizures. Human b-mannosi-
dosis has previously appeared to be a more indolent
disease, with its only consistent phenotypic feature being
developmental delay of varying severity. We report a
patient, homozygous for a private mutation, who presented
in the immediate perinatal period with seizures and who
subsequently developed communicating hydrocephalus at
2 years of age.

These are two new phenotypic features for b-mannosidosis.
The first being the neonatal onset of the seizures, for
while seizures have been seen in 3 out of the previous
20 documented cases, they have never before manifested
prior to 6 months of age. However, as in the previous
documented cases, the seizures were difficult to control
and were associated with severe developmental delay.

The second unique feature about this case was the
development of communicating hydrocephalus. We discuss
the possible mechanisms of its development.

In summary, b-mannosidosis must thus now be
considered in the differential diagnosis of neonatal onset
seizures, and the potential for the development of hydro-
cephalus should be monitored during subsequent clinical
follow-up.

Introduction

b-Mannosidosis in man is a rare panethnic lysosomal
storage disorder which results from a deficiency in the
function of b-mannosidase, an enzyme that regulates the
removal of N-linked mannose moieties during oligosaccha-
ride catabolism. Currently there is a lack of a common
clinical phenotype (Bedilu et al. 2002) which, when
coupled to the absence of many of the overt hallmarks of
classical storage disorders, i.e. organomegaly, dysostosis
multiplex, ophthalmological changes or lymphocytic vacu-
olation (Thomas 2001), makes its clinical recognition
difficult. We report an infant who presented in the
immediate perinatal period with recurrent seizures who
subsequently developed hydrocephalus. This presentation
reflects a severity of disease that is more in keeping
with the naturally occurring caprine or bovine diseases,
than that previously documented in man.
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Case Report

The patient, a girl, is the first child of consanguineous
South Asian parents (the parents being 1st cousins). Three
cousins have developmental delay and epilepsy of
unknown aetiology. Antenatally there were no concerns,
and she was born in good condition at term by vaginal
delivery with forceps. However, at 24 h of age, she was
noted to have abnormal clonic movements of her limbs
and was poorly responsive. A full septic screen including
lumbar puncture was normal, as was a cranial ultrasound
and routine biochemistry. She was started on phenobarbi-
tone and discharged home, pending further investigations.
Prior to discharge, auditory brainstem response evaluation
was performed which indicated she had impaired senso-
neural hearing.

At 3 weeks of age, she developed recurrent generalised
tonic-clonic seizures. Examination at that time revealed an
increased truncal tone, brisk reflexes and a subtle facial
dysmorphism with slight hypertelorism and flattening of
the nasal bridge. Brain MRI at 4 weeks of age showed
prominent ventricles and cerebrospinal fluid volume in
the subarachnoid spaces, but no focal lesions were noted
and myelination was age appropriate (see Fig. 1). The
frequency of the seizures increased, despite the introduction
of sodium valproate and a trial of pyridoxine, necessitating
her transfer to the regional neurological centre for further
assessment. A further panel of infective and metabolic
investigations to investigate the cause of this perinatal onset
of seizures was performed. This included both viral and
bacterial plasma and CSF PCRs, urine organic acids, urine
aminoadipic semialdehyde, urinary sulphite, urinary glyco-
saminoglycans, plasma electrolytes including calcium,
paired plasma and CSF amino acids, ammonia, purine
analysis, vacuolated lymphocytes, biotindase, very long
chain fatty acids, CSF neurotransmitters and tetrahydrofo-

late and CSF/plasma glucose ratios. All of these inves-
tigations were unremarkable. The patient was also noted to
have a degree of stridor at this time with laryngomalacia
being confirmed on microlaryngobronchoscopy. Seizure
control was established by the use of topiramate and
phenytoin at 3 months of age.

At discharge at 3 months she had mild persistent
stridor and pronounced gastroesophageal reflux, and
required feeding by nasogastric tube. However, her seizures
appeared to be well controlled. She made some progress
over the next 2 months with a degree of resolution of
her stridor and the development of some head control.
However at 5 months of age, following further seizures,
the diagnosis of b-mannosidosis was established by the
demonstration of a leucocyte b-mannosidase activity of
0.2 nmol/h/mg of protein (normal range 100–187). This
enzymic study was undertaken as urinary oligosaccharide
analysis as a screening test for the glyocoproteinoses is not
routinely available at our centre. Subsequent urine analysis
has confirmed the presence of the typical disaccharide.
Mutation analysis subsequently revealed homozygosity for
c.293T>A, a private mutation in exon 3 of MANBA which
encodes for a stop codon.

Her seizures again became more prominent at
8 months of age where despite the use of clobabazm,
topiramate and midazolam she continued to have break-
through seizures. She also developed diarrhoea requiring
the use of a hypoallergenic infant formula (Neocate);
loperamide was required for symptomatic relief. She
remained severely developmentally delayed with signs of
visual impairment.

At her current age of 23 months, she is unable to sit,
has visual inattention and only babbling vocalisation. Her
ears show retracted tympanic membranes suggestive of a
mild ear effusion, with tympanometry confirming middle
ear dysfunction.

Fig. 1 Initial MRI performed at 4 weeks of age
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Given her extremely poor clinical state, the slow increase
in her head circumference (9th centile at birth, 75th at
9th months, to the 91st centile at 23 months of age) was
not initially investigated. However at 22 months a further
increase in her seizure activity, together with unequal upper
limb tone, raised the possibility of raised intracranial
pressure or focal pathology. Brain MRI was thus under-
taken and demonstrated a communicating hydrocephalus.
However shortly after the MRI, her clinical state stabilised
without further intervention.

Now at 25 months of age, her head circumference is
static on the 91st centile and her seizures are controlled by
topiramate with additional midazolam when required.
Although neurological stable, she remains severely neuro-
logical affected with generalised increased tone in all
4 limbs requiring baclofen. She also requires exclusively
feeding by NG tube, due to the extent of her dysphagia.
She continues to have only mild hepatosplenomegaly
and minimal facial coarsening but has now also suffered
a fracture of her left femur with bone mineral density
scanning revealing a generalised decrease in bone mineral
density.

Discussion

b-Mannosidosis is an extremely uncommon lysosomal
storage disease with an estimated incidence of 0.1 per
100,000 (Poorthuis et al. 1999; Poupetova et al. 2010). It
results from a deficiency in the activity of the lysosomal
enzyme b-mannosidase which cleaves the unique b(1-4)-
linked mannose sugar found in all N-linked oligosacchar-
ides of glycoproteins (Thomas 2001). To the best of
our knowledge, there have been 20 cases in 16 families
reported in the medical literature, since it was first
described in humans in 1986 by 2 independent groups
(Cooper et al. 1986; Wenger et al. 1986). While the age of
presentation ranges from a few weeks (Dorland et al. 1988)
to adulthood (Gort et al. 2006), overall the disease has been
thought to generally be less severe than that found naturally
occurring in goats or cows (Bedilu et al. 2002), where
frank dysmorphism and severe neonatal onset neurological
disease is the norm (Jones et al. 1983; Abbitt et al. 1991).
This has in part been attributed to the fact that
b-mannosidosis deficient ruminants accumulate the trisac-
charide Man(b1-4) GlcNAc (b1-4) GlcNAc to a greater
extent than the disaccharide Man(b1-4) GlcNAc (Jones
et al. 1992). However humans who, like other non-
ruminants, have an additional lysosomal enzyme chitobiase
(Zhu et al. 2006) accumulate the disaccharide (Cooper et al.
1988). This potential correlation between phenotype and
predominating oligosaccharide is strengthened by the fact
that the mouse model, where predominately disaccharides

accumulate, also exhibits a mild phenotype with no obvious
dysostosis (Zhu et al. 2006).

In a review of the literature, Bedilu found that the
main phenotypic traits in man were developmental delay
and hearing loss (Bedilu et al. 2002), although many of
the more recent cases do not have the hearing impairment.
Both of these features were present in our patient, with the
hearing loss being suspected from an extremely early age.
Interestingly, this review also indicated that there was
little genotype/phenotype correlation with patients in that
study surviving until middle age with null mutations.
Thus, it cannot be inferred that the null mutation found
in this patient was the major determinant of the severity of
presentation.

Distinguishing whether the developmental delay was
secondary to the seizures or the underlying mannosidosis is
impossible, though it seems that once seizures are noted in
b-mannosidosis, a loss of skills does ensue (Cooper et al.
1991; Cherian 2004). This lack of consistent clinical
features means that there is increased reliance on screening
tests diagnostically and would support the use of urinary
oligosaccharides as part of initial investigations of potential
metabolic disorders. The first unique feature of this case
is the onset of seizures in the perinatal period. Previously
the earliest manifestation of any neurological impairment
in a patient with b-mannosidosis was the dysphagia seen
at 8 weeks, in one of the Turkish siblings described
by Dorland (Dorland et al. 1988). The earliest persistent
seizure activity documented was in the Saudi siblings
described by Cherian at 6 months of age, however in both
of these patients the seizures were initially isolated and
associated with temperatures, unlike our patient, and only
became persistent later (Cherian 2004). The historical
patient, who appears to be most similar to our patient,
was the girl described by Cooper et al. (1991). She also
presented with sudden onset of persistent generalised tonic-
clonic seizures which were also difficult to control.
However, the age of onset of the seizures was at 9 months
of age and was preceded by a history of developmental
delay. Including this case, seizures have occurred in 4 cases
out of the 21 reported (Cooper et al. 1991; Cherian 2004)
making seizures a relatively common presentation. As may
be expected, seizures seem to be associated with a more
severe phenotype, with all four cases presenting at less
than 1 year of age and all of them having marked
developmental delay. However, it is to be noted that EEG
abnormalities are not restricted to those with clinical seizure
activity (Wijburg et al. 1992).

The other unique feature in this case is the communicating
hydrocephalus, a feature that has not been described before.
While cerebral atrophy has been described (Labauge et al.
2009), there have been no documented cases of hydro-
cephalus. Given the scarcity and heterogeneity of the
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disease, it is hard to be certain that the hydrocephalus is
directly attributable to the mannosidosis, but it is the
most likely explanation. Indeed in storage disorders it is
occasionally hard to differentiate between communicating
hydrocephalus and cerebral atrophy (Manara et al. 2011)
though the progressive macrocephaly would be indicative
of the former.

The pathogenesis underlying the hydrocephalus, however,
remains unclear. There have been a number of different
mechanisms suggested for the development of hydrocepha-
lus in storage disorders. This has been best described in the
mucopolysaccharidoses (MPS) where a number of different
theories have been put forward for their development. These
include venous hypertension secondary to skull base
abnormalities (Vedolin et al. 2007); however, there was no
obvious crowding of the posterior fossa structures or bony
craniovertebral junction anomaly in our patient. Other
potential mechanisms include the deposition of storage
material in the leptomeninges (Matheus et al. 2004) with a
subsequent decrease in CSF absorption. The loculation of
fluid in the extra-axial cystic lesions suggests the trapping
of fluid in the arachnoid space (see Fig. 2). This feature
of arachnoid loculation, including the development of
hydrocephalus, is a recognised feature of MPS and has
been attributed to the deposition of glycosaminoglycans in
the subarachnoid space. In this case, there was no enlarge-
ment of the perivascular spaces, which is an additional
feature, described in MPS. The possibility of alternative
pathological mechanisms cannot be discounted, however,
since both the type and degree of substrate deposition differ

between disorders giving rise to the potential triggering of
different pathological cascades.

In summary, this case would indicate that b-mannosidosis
although phenotypically heterogeneous in presentation is
not necessarily a milder disease in humans than in other
animals and is a potential cause of neonatal seizures.
Children with b-mannosidosis should also be closely
observed as they do have the potential to develop
hydrocephalus.
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