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A 7-month-old boy with failure to thrive
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1 | CASE DESCRIPTION
A 7-month-old boy was admitted in paediatric emergency
for fever and respiratory distress following surgery for
bilateral inguinal hernia. His clinical course was char-
acterized by failure to thrive with delayed milestones.
Echocardiography revealed dilated cardiomyopathy.
Bilateral cherry-red spots were noted on fundus exami-
nation. He progressively developed encephalopathy with
poor spontaneous activity and poor visual fixation. On
day 10 of illness, he developed respiratory distress and
died due to cardiogenic shock followed by cardiac arrest.
A complete autopsy (including abdominothoracic or-
gans and brain) was performed after an informed consent.
The brain weighed 833 g, with a normal gyral pattern.
No exudates were noted on convexities or base of the
brain (Figure 1). On microscopy, the cortex revealed com-
plete loss of normal cortical lamination. Numerous bal-
looned-up, foamy neurons and glial cells were identified in
all sampled areas of cerebral cortex, hippocampus, brain-
stem, and choroid plexus (Figure 2A). CD68 immunostain
highlighted these foamy cells. Other neuronal tissues in-
cluding cranial nerves nuclei and myenteric plexus ganglia
also demonstrated ‘storage cells’. The material was weakly
positive with periodic acid-Schiff (PAS), was diastase re-
sistant, and positive with Oil-red-O and Luxol-fast blue
(LFB) (Figure 2B—E). Electron microscopy revealed mem-
branous cytoplasmic bodies, consisting of multi-layered
concentric lamellae (Figure 2F). LFB-PAS stain revealed
myelin pallor, however, significant demyelination was not
a dominant feature. Axons were preserved on neurofila-
ment protein stain. The ganglion cells within plexus re-
vealed similar storage material (Figure 2G). Extra-neural
tissues like bone marrow (Figure 2H), spleen, thymus,

BOX 1 Slide scan
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lymph nodes, Kupffer cells of liver, pancreatic acini, car-
diac myocytes, renal podocytes, smooth muscle cells of
arterioles, alveolar interstitium also depicted vacuolated
cells replete with similar material within their cytoplasm.
Lungs revealed extensive bronchopneumonia and pulmo-
nary haemorrhages which was cause of death.

FIGURE 1

Coronal slice of brain shows normal gyral pattern
and absence of exudates on convexities and base of brain. No
softening, ventricular dilation or focal lesions were noted
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FIGURE 2

2 | DIAGNOSIS
GM1 gangliosidosis, type L.

Genetic analysis performed on genomic DNA ex-
tracted from blood revealed a novel homozygous mu-
tation in exon 11 of GLBI gene (c.1071_1073delinsGG;
p-Phe357LeufsTer26).

3 | DISCUSSION

Lysosomal storage disorders (LSD) are a heterogeneous
group of genetic diseases with overlapping phenotypes,
making their diagnosis challenging. GM1 gangliosidosis
is one of the rare subtypes of LSD with an autosomal re-
cessive inheritance and neuro-somatic manifestations that
can manifest as infantile (type I), juvenile (type IT) or rarely
adult forms affecting children or adults (type III) (1). The
disease is lethal in the infantile and juvenile forms. Infantile
form presents with hypotonia and developmental delay be-
tween birth and 6 months of life. Type II (late infantile or
juvenile form) presents with lag in motor and cognitive de-
velopment, between 7 months and 3 years. Type 11T adult
or chronic variant has a late onset (3-30 years) with milder
clinical manifestations that include progressive extrapy-
ramidal signs due to local deposition of glycosphingolipid
in the caudate nucleus. The underlying cause of GM1 gan-
gliosidosis is a genetic deficiency of the lysosomal acid
B-galactosidase leading to accumulation of GM1 ganglio-
sides and related glycoconjugates in the lysosomes resulting
in lysosomal swelling, cellular damage, and organ dys-
function (2). The severity of each type is inversely related
to the residual activity of the mutant enzyme. Historically,

(A) High magnification showing numerous ballooned neurons with foamy cytoplasm and storage cells within the cortex (H&E,
scale bar 20 um); (B) The cytoplasmic material within ballooned neurons is positive with Luxol fast blue (scale bar 10 pm); (C) Periodic acid
Schiff's (PAS) (scale bar 10 um), and was resistant with diastase (D) (scale bar 10 um); (E) Oil Red O (scale bar 10 um); (F) Electron microscopy
demonstrating the storage material as concentric multi-layered structures within the neurons (scale bar, 400 nm). Some of these structures show
lamellations with a typical “Zebra body” pattern; (G) Ganglion cells of myenteric plexus depicting abundant vacuolated cytoplasm (scale bar
10 pm); (H) Storage cells seen within the marrow spaces (scale bar 10 um)

clinical manifestations and brain dysfunction have all been
attributed to accumulation of ganglioside in different tis-
sues and particularly in the central nervous system (CNS).
However, the exact mechanisms underlying the disease
pathogenesis are incompletely understood. Folkerth and
colleagues have proposed an indirect role of this meta-
bolic defect in myelin development and delayed myelina-
tion as possible patho-mechanisms in autopsy cases of
infantile GM1 gangliosidosis (1). Clinical features, such as
coarse facial features, gingival hypertrophy, corneal cloud-
ing, cherry-red macula, skeletal dysplasia, hepatospleno-
megaly, vacuolated lymphocytes, in addition to a history
of psychomotor regression raises the clinical suspicion of
GM1 gangliosidosis. Conventional clinical clues, histopa-
thology, electron microscopy and enzymatic assays with
fibroblast culture are time-tested techniques helpful in di-
agnosing these disorders.

The index case illustrates extensive deposition of
storage material in almost every organ of the body in-
cluding CNS, cranial nerves, peripheral nervous system
and extracranial organs. The storage cells with vacu-
olated cytoplasm contained stored ganglioside posi-
tive with PAS-diastase resistant, Oil-red-O, and LFB.
Within CNS, stored ganglioside was seen within neu-
rons, astrocytes, choroid plexus, cranial nerves with
vacuolated myelin, and nuclei of the brain stem. The
myenteric plexus constituting the peripheral nervous
system was also replete with storage material with vac-
uolated appearance.

Morquio type B or mucopolysaccharidosis type
IVB (MPS 1IVB) and GMI1 gangliosidosis share the
same enzyme defect (f-galactosidase) due to mutations
in GLBI gene (2, 3). Morquio type B while being less
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frequent than gangliosidosis is characterized by skeletal
and connective tissue abnormalities, corneal clouding,
cardiac involvement, and increased urinary excretion
of keratan sulfate but lacks CNS involvement in com-
parison to GMI gangliosidosis. Moreover, in Morquio
type B, the mutant enzyme exhibits reduced catalytic
activity and hydrolytic activity for keratin sulfate and
oligosaccharides, but normal activity for ganglioside
GMI1. Ganglioside GMI is mainly stored in neuronal
tissue, while keratan sulfate mainly accumulates in
cartilage, which explains the different phenotypes ob-
served in Morquio type B and GM1 gangliosidosis that
share the same enzyme defect. A total of 102 mutations
have been reported in GLBI gene in GM1 gangliosido-
sis; however, there is extensive molecular heterogene-
ity hindering a clear genotype/phenotype correlation.
Mutations in exon 2, 5, and 6 are most commonly
reported (2).

Galactosialidosis is another storage disease charac-
terized by deficiency of p-galactosidase in combination
with neuraminidase (2). The clinical presentation of
this disease partially overlaps with GM1 gangliosido-
sis; however, the predominant clinical manifestations of
galactosialidosis are attributed to the severe neuramini-
dase deficiency rather than the partial deficiency of the
B-galactosidase enzyme.

Currently, symptomatic and supportive therapy is
available for patients. Bone marrow transplantation and
gene therapy are promising approaches in such disorders,
which are being actively explored in animal models (2).

In conclusions, this case highlights the lethal ef-
fects of extensive deposition of ganglioside in CNS
and extracranial organs in a genetically proven case of
GM1 gangliosidosis.
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