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Abstract

Introduction: Gaucher disease (GD) is one of the common lysosomal storage disorder (LSD) with an estimated frequency
of one in 40,000 newborns globally. GD is an autosomal recessive condition, which results from mutations in the GBAT gene,
causing partial or complete deficiency of -glucocerebrosidase enzyme activity, which leads to the widespread accumulation of
the substrate glucosylceramide.

Aims: This report presents different challenges of clinical management and communication between medical specialties to
reach diagnose of any rare disease in Mozambique, a low-income country, which health system has limited infrastructure, trained
personnel, and budget for diagnosis and to provide treatment for rare genetic disorders such as GD.

Case Presentation: The patient was a 15-year old black female patient of Mozambican nationality born from non-consanguineous
parents. Three of the four patient’s siblings were healthy; one sister had died of a disease with a similar clinical features. Our patient
presented with abdominal distention and hepatosplenomegaly. Blood tests revealed pancytopenia and a high level of ferritin. Liver
biopsy and histologic examination revealed infiltration of the splenic parenchyma and portal area of the liver as well as enlarged
histiocytic cells with granular cytoplasm. Magnetic resonance imaging showed liver enlargement, changes in the femoral heads
without osteonecrosis, a pathological fracture of the third thoracic vertebrae (T3), with absence of brain and spinal cord neurological
abnormalities. The biochemical investigation disclosed low levels of -glucocerebrosidase (0.223 nmol/h/ml; normal: above 0.98)
and increased levels of lyso-Gb1 (0.43 pg/ml; normal: up to 0.003). Genotyping of the GBAT gene indicated the presence of the
pathogenic variant p.Arg87Trp (R48W) in homozygosis.

Discussion and Conclusion: To the best of our

knowledge, this report describes the first case of GD
type 1 confirmed via biochemical and molecular genetic
testing in Mozambique. As awareness of the GD and rare
genetic diseases among Mozambican health professionals
is very limited, and resources for diagnosis are scarce in
the national health system, it is possible that other cases
remain undiagnosed in this low-income country.

Keywords: Gaucher Disease, Lysosomal disease,
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Introduction

Gaucher Disease (GD) is one of the most common
lysosomal disorders(1,2], with incidence figures that vary
according to region and to population groups[2-4], and an
estimated frequency of one in 40,000 individuals[1,2]. GD
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is an autosomal recessive condition that results from mutations
in the GBAI gene (located in chromosome 1q21), causing low
levels of B-glucocerebrosidase enzyme activity[3,5]. This results in
widespread accumulation of the substrate glucosylceramide[5-7],
which in normal circumstances is converted by the enzyme into
glucose and ceramide[6].

The clinical features are diverse according to the type of
GD[6,8,9]. In type 1, the accumulation of substrate results in the
enlargement of the liver and spleen, fatigue, growth retardation,
delayed puberty, bleeding disorders, pancytopenia, and painful
bone crisis related to vascular diseases or mechanic effects[6,8,10].
Complicated cases can evolve with hepatocellular carcinomall1],
sensorial system disease[12], central nervous system damage
and ultimately Parkinson disease[13,14], myelodysplasia due
to bone infiltration or leukaemia[l5]. Type 2 is a catastrophic
disease, with acute somatic and neurological involvement and
early death, and type 3 is an intermediate between 1 and 2,
with somatic and neurological manifestations that can impact
patient development as well as in the quality of life and life
expectancyl3,5].

GD diagnosis is in average made at 10 years of age, given
difficulties recognising symptoms[6,8]. Confirmation of GD is
made by the measurement of beta glucocerebrosidase enzyme
activity in blood. Biomarkers such as chitotriosidase, CCL18
and LysoGbl are useful in the diagnostic investigation, and
identification of mutations in the GBAI gene can provide
further diagnostic confirmation and help to predict the
phenotype([4,8,16].

Mozambique is a low-income country that ranks in the
bottom 10 positions of the global human development index
(180™)[17], where approximately 60% of the population has
access to basic healthcare services. Malnutrition, tuberculosis,
HIV, malaria, among other prevalent problems strain a fragile
healthcare system and consume more than 60% of the state
healthcare budget, affecting access and quality of primary
healthcare services[18]. With the exception of the main national
referral hospital, Hospital Central de Maputo (HCM), there is no
laboratory infrastructure to diagnosis genetic disorders such as

GD, and treatment options such as enzyme replacement therapy
or substrate inhibition therapy are extremely limited[3,6].

Here we report on a patient who was diagnosed with GD
at HCM.

Case Presentation

The patient is a 15-year-old black female. She was born in
Mozambique from non-consanguineous parents. Three of the
four patient’s siblings were healthy and one sister had died at 5
years of age after splenectomy surgery, with clinical features of
GD (Figure 1). There was no previous family history of GD or
similar conditions reported.

Her symptoms began when she was 5 years old when their
parents noticed progressive abdominal distension and sought
medical care. The Pediatric Hematology and Oncology service
observed the patient first time at 11 years of age and had a
bone marrow aspirate, which showed alterations suggestive
of idiopathic thrombocytopenic purpura, without other
abnormalities noticed.

Afterwards the patient was sent to the gastroenterology
service, where endoscopy was performed. She was noted to have
erosive gastritis and was treated with proton pump inhibitors
with resolution of findings on endoscopic follow up. She was
referred back to the paediatric department for continued follow-
up. At this point, she did not have neurologic or psychomotor
alterations.

Two years later, at the age of 13, she was admitted to the
pediatric emergency service with a recent history of two episodes
of epistaxis and abdominal distension. She was diagnosed with
hypersplenism and underwent splenectomy (the removed,
enlarged spleen weighed 2.7 kg). Histologic examination of
the spleen revealed an enlarged vacuoles suggestive of GD (this
finding only came to the authors’ attention after diagnosis).

She was referred back to the gastroenterology service for
evaluation of hepatomegaly. Her infectious disease workup was
negative for HIV, Hepatitis B and C, and Syphilis. Rectal biopsy

Figure 1. Family history. Members 1113 and 1116 were identified as having GD. lll6 was diagnosed by histological examination in 2016.
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was negative for Schistosoma eggs. No portal hypertension was
noticed on abdominal ultrasound.

Due to persistent clinical symptoms and progressive
hepatomegaly, a liver biopsy was performed one year later when
she was 14 years old. The pathology report suggested a lysosomal
disease, most probably GD.

The patient was referred to the medical genetics service
at HCM when she was 15 years of age and a family tree was
constructed (Figure 1). Additional tests were ordered, including
blood biochemistry, protein electrophoresis, and magnetic
resonance imaging to assess brain, skeleton and abdominal,
bone density and mutational analyses. At that time her weight
was 34 kg, height was 140 cm, with a body mass index of 17.3
kg/m?. Her school performance was above average.

Pathology

Clinical Pathology

Laboratory exams had shown a typical evolution of GD with
progressive anemia, thrombocytopenia, and increased ferritin
levels (Table 1). Platelet counts have increased after splenectomy
was performed in January 2018.

Anatomic Pathology

Histologic examination of the liver and spleen biopsies
demonstrated infiltration of splenic parenchyma and portal area
of the liver by enlarged histiocytic cells with granular cytoplasm
with characteristic “wrinkled tissue paper” or “crumpled silk”
appearance, and eccentric nuclei (Figure 2-A). Histiocytic cells

Table 1. Hematological and Biochemistry parameters.

were strongly positive for periodic acid Schift (PAS) staining and
for CD68 in immunohistochemistry (Figure 2-B).

Imaging (Resonance Magnetic Nuclear)

Liver

Marked hepatomegaly with the presence of T2-weighted images
of central predominance and perihilar disposition, representative
of subacute inflammatory process and fibrosis. No areas of
hepatic ischaemia (Figure 3).

Musculoskeletal System

The signal changes along the bone, with emphasis on the
femoral head and peri-trochanteric region, with extension to
the femoral epiphyses and minor trochanters (Figure 4). No areas
of osteonecrosis. Lumbar bone marrow load score: 5.

Progressive T3 pathological fracture, showing clear collapse
of the vertebrae, leading to deformity. A homogeneous and subtle
pattern of signal reduction is observed along the vertebral and
sacrum bodies without involving the fatty planes adjacent to
the basal vascular complex. In addition, degenerative changes
Modic type-1, predominant in the lumbar segment of the spine
(Figure 5). No evidence of areas of infarction. Bone marrow load
score of the spine: 7/16.

Brain

Discreet brain atrophy is observed in the frontal topography
without signs of deposits (Figure 6).

May 2015 May 2016 Dec 2016 Oct 2017 Feb 2018 Sep 2018 Feb 2020 Jul 2020
Pre-splenectomy period Post-splenectomy period

Hemoglobin (g/dL) 9.1 7 78 74 10.5 127 1.1 11.0
Platelets (/uL) 127 69 95 48 560 369 500 244
Ferritin (ng/mL) - 131 348 485 - - - 256.5
Iron (umol/L) - = - - - = 357 357
TIBC (umol/L) - - - - - - 56.7 67

AST (IU/L) 51 - 72 56 73 515 39

FSH (IU/L) - - - - - - - 4.56
LH (IU/L) - - - - - - - 743
E2 (IU/L) - - - - - 64.15
Free T3 (ng/mL) - - - - - - - 139
Free T4 (ug/dL) - - - - - - - 9.07
TSH (HIU/mL) - - - - - 287

Protein electrophoresis - - -

- Polyclonal hypergammaglobulinemia

Legend: AST-Aspartate aminotransferase, E2-Estradiol, FSH-Follicle stimulating hormone, LH-Luteinizing hormone, T3-Triiodothyronine,
T4- Thyroxine, TIBC-Total iron binding capacity, TSH-Thyroid stimulating hormone
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Figure 2. Histopathological appearance of liver involvement in GD. A: Gaucher cells infiltrating the liver parenchyma (200X, H&E stain). B:

“Gaucher cells” strongly positive for CD68 on immunostaining (200X).

Figure 3. Liver with signs of fibrosis. A: Coronal T2-weighted SSFSE image. B: Axial T2-weighted SSFSE image.

Biochemical Investigation

Dried blood spots were collected for biochemical analysis
B-glucocerebrosidase activity and quantitation of lyso-Gbl
biomarker, using liquid chromatography/tandem mass
spectrometry (LC-MS/MS) (Xevo TQ-S micro, Waters®
Corporation) at the Biodiscovery Research Group from Hospital
das Clinicas de Porto Alegre, Brazil. Results were notable for a
low activity of B-glucocerebrosidase 0.223 nmol/h/ml (cut-oft
for Gaucher patients <0.98 nmol/h/ml) and high levels of lyso-
Gb1 0.43 pg/mL (Control <0.003 pg/ml and Gaucher patients
>0.06 pg/ml).

Molecular Genetics Investigation

Genomic DNA analysis was isolated from dried blood spots
and performed by sequencing on the Ion S5 System platform
(Thermo Scientific™) using a customized panel (Ion AmpliSeq™
Thermo Scientific™), including the GBAI gene. Data were
analysed on the bioinformatics platform Ion Torrent Suite and
Ion Reporter (Thermo Scientific™) v 5.10.5.0. The genetic analysis
of the patient’s DNA showed the pathogenic variant ¢.259C>T
p.Arg87Trp (R48W) in homozygosis in the GBA1 gene (Table 2).
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Table 2. Variants found along the sequence.

Locus Reference Genotype Coverage Location cDNA Protein dbSNP

Chr1:155209725 G AA 162 Exon 4 c259C>T p.Arg87Trp Rs1141814

Legend: Arg-Arginine, Chr-Chromosome, cDNA-complementary DNA, dbSNP- Single Nucleotide Polymorphism Database, Trp-
Tryptophan

Figure 4. Femur with changes along the bone, Coronal T2-weighted FSE Image.
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Figure 5. Spine. A - Pathological fracture at T3 vertebra, sagittal STIR image of the cervical spine. B - Subtle signal reduction showed in the
vertebrae and Modic type 1 changes, sagittal STIR image of the lumbar spine.

Figure 6. Brain mass without signs of deposit. A: Axial T2-weighted frFSE image. B: Axial T2-weighted GRE image.
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Discussion and Conclusion

The patient’s diagnosis led to suspicion that her sister who
had a similar initial presentation and died at the age of 5 after
splenectomy surgery also had GD. The sister never had any
genetic testing performed. Additional retrospective analyses
at the anatomic pathology database at HCM identified another
3 cases of probable GD diagnosed through biopsy and classic
histological analysis (haematoxylin-eosin and Periodic Acid
Shift stain). All were females with ages ranging from 1-12 years
at presentation (one patient without age in the database).

The suspicion of a genetic condition only arose with the
second similar case in the family. The diagnosis was suspected
after reviewing liver and spleen biopsy results that had cells
with cytoplasmic accumulation suggestive of GD. Confirmatory
biochemical and genetic testing was performed at a specialised
laboratory outside of Mozambique, using dried blood spots.

This patient had clinical and laboratory findings that are
common in GD, including bone marrow and iron metabolism
dysfunction as anaemia, thrombocytopenia, bleeding
episodes[2,6], high levels of ferritin[19], hypersplenism and
abdominal distension[2,20], and hypergammaglobulinemia[5,6].
Moreover, growth failure affecting height and weight was
observed, but results of endocrine tests assessing thyroid and
gonadotrophic axis showed no abnormalities suggestive of a
hormonal disorder[21].

The patient displayed normal development and advanced
academic performance for age, without evidence of peripheral
or central nervous system impairments. These findings are
suggestive of GD type 1, which does uncommonly present with
neurologic or developmental abnormalities[12,22].

She also had radiographic studies consistent with the
diagnosis of GD. As reported in other cases, there were
changes in the femoral head and femoral diaphysis that could
evolve to osteonecrosis and put her at risk for pathologic
fractures[23,24]. She also had classic lesions on MRI of the
axial skeleton: pathologic fracture of the T3 vertebra, subtle
intensity increased and compressed vertebrae, and a pseudo-
fusion of discs between T3. All these findings constitute severe
bone disease with infiltration of the bone marrow. These are
classic imaging findings and are part of the natural history
of GD[25]. On MRI there was also hepatic enlargement with
tightening of the porta region[2,20]. And, the brain mass does
not show deposit disease.

The biochemical results observed (substrate accumulation
and enzyme deficiency, namely, lyso-Gbl 0.43 pg/ml and
B-glucocerebrosidase 0.223 nmol/h/ml) correlated with
physiopathology, clinical features and other laboratory results,
supporting the diagnosis of GD[4,8,16]. On GBAI genotyping,
the patient was found to be homozygous for the variant R48W
(p.Arg87Trp). This variant was previously described in the
literature and, according to ACMG guidelines[32], it is pathogenic
leading to reduced enzyme activity[26-28].

There were delays in her referral and evaluation that
reflect weaknesses in symptom recognition and intra-hospital
communication and coordination of care. There were also early
failures in symptom recognition and linking her presentation
to the family history, which was notable for a sister who died
with similar symptoms. Ultimately, she was diagnosed via
a multidisciplinary team of specialists, and this approach is
recommended for future suspects of genetic disorders.

Mozambique is a low-income country, with most of
the population depending on healthcare provided by the
National Health System, which is largely underfunded. The
budget allocated to the Ministry of Health, mainly mitigates
public health burdens as malnutrition, tuberculosis, HIV and
malaria[17,18]. The Mozambican NHS has a patient referral
system that comprises four levels, from primary care to the
most differentiated level. And the Ministry of Health recognizes
gaps in its practical operation[29]. These gaps represent an
additional challenge for health professionals when faced with
cases of patients and families with rare diseases. The introduction
of a diagnosis and treatment protocol for GD in the national
health system is not feasible at this moment due to the high cost
to keep these patients under follow-up and treatment due to
underfunding of the health system[30]. Thus, even quaternary
centres such as HCM do not have the infrastructure or resources
to diagnose and treat rare genetic disorders such as GD.

In summary, this patient was diagnosed with GD type 1
being homozygous for p.Arg87Trp (R48W) GBA1 mutation,
after presenting with significant bone and visceral disease, and
with hematological features[26,27,31]. The patients presents
with a moderate to marked degree of disease severity, although
the evaluation is based on RMN and clinical findings. The
present case represents the first in Mozambique to be studied
completely until diagnosis by genotyping. In Africa, 2 alleles of
this variant have been published, with no record of occurrence
in homozygosis and the estimated allelic frequency is 0.000123.

To manage the case there is a need to introduce specific
treatment to control the progression of the disease. The
International Gaucher Alliance (IGA) was contacted and an
application was submitted to enable the patient to receive specific
treatment from a caritative program on a compassionate use
basis. She is currently being followed at six-month intervals in the
Genetics service at HCM to monitor for disease complications[5].
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