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In this issue we focus on children with Fabry
and guidelines produced by an expert group
in France for the management of Fabry in
children.

What is Fabry?
Fabry is a rare inherited genetic disorder, and it is
difficult to give an exact figure for how often it occurs.
The current estimate is that 1 in every 80,000 children
will be born with Fabry.1
Fabry is caused by mutations in the GLA gene. These
mutations lead to a lack or reduced level of an enzyme
called α-galactosidase A (α-Gal-A) which is necessary
for breaking down certain types of fats in the body,
called globotriaosylceramide (Gb3). Without the
enzyme, Gb3 builds up in a variety of cells, causing
damage to tissues and organs. This results in a range
of symptoms and complications, which can vary from
one person to another.2
The natural course of Fabry leads to a wide spectrum
of disease, from a severe form in males (often
referred to as classical Fabry) to few or no symptoms
occasionally seen in some females.2

Fabry guidelines
Guidelines for supporting and
treating patients with rare diseases
are an important way for the
medical community to share
knowledge and best practice in
caring for their patients.

Fabry in children
For those with more severe forms of Fabry, first
symptoms appear in childhood, typically between the
ages of 3 and 10 years, and generally a few years later
in girls than in boys. 3, 4 With age, progressive damage
to vital organ systems develops in both genders.4
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The GLA gene provides instructions
for the body to make the α-Gal-A
enzyme
A mutation is a permanent change in
a DNA sequence that makes up a gene
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Why might Fabry affect boys and girls differently?
The development of Fabry symptoms can be different in
boys and girls due to the way that Fabry is inherited. The GLA
gene lies on the X chromosome, and Fabry is therefore known
as an X-linked disease. If only one parent has Fabry, any
female children that inherit Fabry will have both a normal
X chromosome and an X chromosome that carries the
Fabry mutation.5

Genes are located on
chromosomes. The GLA gene is
found on the X chromosome,
one of the two chromosomes
that determine the sex of the
individual
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As females have two X chromosomes, a natural process known as X-chromosome inactivation
occurs before birth to ensure that only one X chromosome is active in the cells of the body.
In those who have inherited Fabry, this will lead to some normal X chromosomes being inactivated,
and some mutated X chromosomes being inactivated. Differences in the number of mutated X
chromosomes that remain active between individuals can therefore lead to differences in the
severity of their Fabry.6

Symptoms in children
It is difficult to predict which symptoms children will
develop and when, as Fabry can vary greatly from person
to person. The most frequently reported symptoms in
children under 5 years of age are a type of pain known
as acroparesthesia or neuropathic pain and stomach
issues.7
The information held within a large Fabry registry shows
that common symptoms in children included pain, heat
intolerance and reduced sweating, stomach and digestive
issues, small spots on the skin known as angiokeratomas,
problems with eyes and ears, tiredness and the detection of
protein in the urine.8
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Acroparesthesia refers to tingling,
pins-and-needles, burning or
numbness or stiffness in the hands
and feet, particularly the fingers and
toes
Neuropathic pain is pain that
originates from damage to the nerves
Angiokeratomas are purple spots
on the skin of the lower back, groin,
upper thighs and belly button
The presence of protein in the urine
is an indicator of kidney disease
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Information on the symptoms of 36 boys and 29 girls with Fabry was held in the registry.8 The figure
below shows the age when each symptom was first noticed (age of onset) and the proportion of boys
and girls who had that symptom. For example, 67% of boys and 59% of girls had pain attacks. In boys, the
pain attacks started between the ages of 2.5–10 years and in girls between the ages of 1.5–18.5 years.

Age of onset (years)
Sign or symptom8
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Proportion of boys
and girls with
symptom (%)

Pain attack

67

59

Chronic pain

36

28

Reduced sweating

50

17

Intolerance to heat

39

38

Fever attacks

25

10

Abdominal pain

44

52

Diarrhoea

33

28

Nausea (feeling sick)

25

21

Angiokeratomas

42

38

Cornea verticillata

36

66

Tinnitus

22

41

Vertigo

19

31

Tiredness

19

28

Protein in the urine

8

31

Adapted from Ramaswami et al. 2006. More symptoms were reported, only the most common,
those reported in one quarter or more of boys or girls, are shown here.

Cornea verticillata are opaque
areas on the cornea of the eye
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Tinnitus is the sensation of
ringing in one or both ears, which
is not caused by another sound

Boys

Girls

Vertigo is the sensation of feeling
off balance, and is caused by
problems in the inner ear
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Research news
‘Consensus recommendations for diagnosis, management and treatment of
Fabry disease in paediatric patients’ was published in 2019 in Clinical Genetics.9

The publication
As growing experience of enzyme replacement therapy for Fabry has demonstrated that early
treatment can prevent organ damage in adulthood, the focus of treatment is moving towards
earlier treatment in children to maintain health in later life. With these new developments, the
need for updated recommendations for managing Fabry in children was identified.
Between 2016 and 2017, a group of French doctors, including paediatricians and geneticists
experienced in treating Fabry, gathered to discuss the management of Fabry in children.
Their resulting recommendations are intended to be a practical guide for diagnosis,
monitoring and treatment.

Diagnosis
CHILDREN FROM FAMILIES
WITH A HISTORY OF FABRY

7

CHILDREN WITH NO
FAMILY HISTORY OF FABRY

Systematic screening of children with at least
one first-degree relative with Fabry is the
simplest and fastest way to improve the rate
of diagnosis.

Owing to the lack of specific symptoms,
diagnosis of Fabry when there is no family
history is usually delayed and rarely occurs
during childhood.

Diagnosis can be confirmed by a blood test to
measure the level of α-GAL-A enzyme and a
genetic test to confirm the presence of a Fabry
associated gene mutation. While boys will usually
have very low enzyme levels, some girls may
have almost normal enzyme levels and therefore
the genetic test is essential to confirm diagnosis.

The symptoms that should alert paediatricians
to the possibility of Fabry include those listed
on pages 2 and 3 of this issue. The hallmark
sign of classic Fabry in children is neuropathic
pain in the hands and feet. However, it can
be difficult for doctors to link individual
symptoms, such as pain, to Fabry.

Pain in children with Fabry
Fabry-associated pain in children may be misdiagnosed as growing pains. It is vital to
distinguish between the two:
Pain due to Fabry is described as burning, followed by stabbing, tingling and shooting
pains in the hands and feet and is triggered by physical exercise, heat and fever and occurs
during the day, particularly in late morning.9
Growing pains are experienced in the hips, legs and feet during late evening and night.10

Giving a diagnosis
Once a diagnosis is made, it should be explained to the family, with
support given for next steps in treatment and genetic counselling.
Family history is investigated to find other cases in the same family.11
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First-degree relatives
include parents, siblings
and children
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Monitoring and treatment
For children with a confirmed diagnosis of Fabry, the following monitoring and treatment pathway is
recommended.

Child from a family
with a history of Fabry

Child with no family
history of Fabry

7
No symptoms

Boy

Girl

Baseline
evaluation
by age 5

Baseline
evaluation
by age 12–15

Consider ERT
from age 7

Consider XCI
testing from
age 7

Symptoms

Symptoms

Baseline
evaluation
immediately
after diagnosis

Baseline
evaluation
immediately
after diagnosis

Start ERT
Start ERT

Genetic counselling
and screening
of family

Regular monitoring
Boys – every year
Girls – every 2–3 years

Adapted from Germain et al. 20199
ERT: Enzyme replacement therapy.
XCI: X chromosome inactivation (see explanation on page 2)
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A baseline evaluation involves the clinical
assessment of the patient following
diagnosis and before treatment has started
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Regular monitoring includes checks on all major organs that may be affected
by Fabry.
Assessment
MRI of the brain
Brain

Baseline

Only if child is experiencing
neurological symptoms

Consultation with
pain specialist

Eyes

Eye examination

Ears

Audiogram

Monitoring

If needed

From age 10

If hearing symptoms
are present

ECG
(electrocardiogram)
Ultrasound of the heart
Heart

Only if symptoms
suggest it is necessary

Holter monitor
MRI of the heart

If available and child
does not need sedation

Blood and urine tests
Kidneys
An audiogram is a
hearing test to see at
what frequencies a
person can hear sounds
An electrocardiogram
or ECG is a test to
measure the electrical
activity of the heart and
its rhythm
A Holter monitor
is a wearable
electrocardiogram that
monitors the heart over
24 hours or longer
LysoGb3 is a biomarker
for Fabry. Its levels
in the blood plasma
are measured to
understand the progress
of the condition and
treatment effect
Those treated with
enzyme replacement
therapy may develop
an immune response
and generate antiagalsidase antibodies

Ultrasound of kidneys
Gut

Skin

Clinical examination
Clinical examination
of the skin
Photographs of
angiokeratomas
α-GAL-A enzyme
activity

Blood

LysoGb3 levels

Anti-agalsidase
antibodies

Height

Before starting enzyme
replacement therapy

Before starting enzyme
replacement therapy

Growth curve
Quality of life
assessment and school
absenteeism

Other
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X chromosome
inactivation
assessment

Girls only

Vitamin D test

6

Starting treatment with enzyme replacement therapy
Boys with no Fabry symptoms
Children with
Fabry symptoms
Enzyme replacement
therapy should be
considered for boys and
girls with any of the
following symptoms:
Neuropathic pain
Evidence of kidney
damage
Severe stomach/
digestive issues and
abdominal pain
Heart involvement

Enzyme replacement therapy would usually be started
no earlier than the age stated in the product license, as
information about its use in younger children is lacking. The
authors felt, however, that boys younger than 7 years may
benefit from starting treatment if they:
Have a GLA gene mutation associated with classic Fabry
Have a family history of Fabry in males
Have no detectable levels of α-GAL-A enzyme
Have a high level of lysoGb3 in their blood
Girls with no Fabry symptoms
There is currently no information to support the use of enzyme
replacement therapy in girls with no symptoms. The authors
however, felt that girls aged 7 years of age and over should be
offered X-chromosome inactivation testing, and started on
treatment if the test suggests it would be beneficial.

Deciding to start enzyme replacement therapy
The decision to start a patient on treatment should be a joint decision between the paediatrician,
geneticist, family and patient, with a careful review of all benefits versus challenges of lifelong bi-weekly
infusions. Home infusions may be considered for those who tolerate the infusions in hospital well.12

Pain management
Effective pain management is an
important step in improving quality of life in
Fabry. A strategy that includes medication and
education on how to avoid pain triggers such as
heat or strenuous exercise is recommended.
Children with pain can be started on pain
medication at a low dose, which can be increased
slowly according to pain levels. If this does not
alleviate pain after several weeks, a different
medication can be added.
Long-term use of pain medication should be
avoided due to neurological side effects
The use of pain medication should not delay
the start of enzyme replacement therapy in
children with Fabry symptoms

Treating organ involvement
In addition to enzyme replacement therapy,
other medications and lifestyle measures can
be used to manage the impacts of Fabry on the
heart and digestive system.13
Healthy eating
Managing blood pressure
Managing blood cholesterol
levels, and taking medication to
lower this if needed

Eating small, frequent meals
Dietary restrictions

Psychological support
A diagnosis of Fabry can be a difficult time for both the child and their family. Children experiencing
psychological difficulty should be referred to a psychologist or social worker for support.

Fabry Findings Issue No. 5 Autumn 2021

7

References
1.

Orphanet. Fabry disease [updated March 2012]. Available from: https://www.orpha.
net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=94&Disease_Disease_Search_
diseaseGroup=fabry&Disease_Disease_Search_diseaseType=Pat&Disease(s)/group%20of%20
diseases=Fabry-disease&title=Fabry%20disease&search=Disease_Search_Simple. [accessed
30 July 2021].

2.

Germain DP. Fabry disease. Orphanet J Rare Dis. 2010;5:30.

3.

Hopkin RJ, Bissler J, Banikazemi M, Clarke L, Eng CM, Germain DP, et al. Characterization of
Fabry disease in 352 pediatric patients in the Fabry Registry. Pediatr Res. 2008;64(5):550-5.

4.

Wilcox WR, Oliveira JP, Hopkin RJ, Ortiz A, Banikazemi M, Feldt-Rasmussen U, et al. Females
with Fabry disease frequently have major organ involvement: lessons from the Fabry
Registry. Mol Genet Metab. 2008;93(2):112-28.

5.

MPS Society. Fabry Disease [Internet].
Available from: https://www.mpssociety.org.uk/fabry-disease. [accessed 30 July 2021].

6.

Echevarria L, Benistan K, Toussaint A, Dubourg O, Hagege AA, Eladari D, et al. X-chromosome
inactivation in female patients with Fabry disease. Clin Genet. 2016;89(1):44-54.

7.

Laney DA, Peck DS, Atherton AM, Manwaring LP, Christensen KM, Shankar SP, et al.
Fabry disease in infancy and early childhood: a systematic literature review. Genet Med.
2015;17(5):323-30.

8.

Ramaswami U, Whybra C, Parini R, Pintos-Morell G, Mehta A, Sunder-Plassmann G, et al.
Clinical manifestations of Fabry disease in children: data from the Fabry Outcome Survey.
Acta Paediatr. 2006;95(1):86-92.

9.

Germain DP, Fouilhoux A, Decramer S, Tardieu M, Pillet P, Fila M, et al. Consensus
recommendations for diagnosis, management and treatment of Fabry disease in paediatric
patients. Clin Genet. 2019;96(2):107-17.

10. Lehman PJ, Carl RL. Growing Pains. Sports Health. 2017;9(2):132-8.
11. Germain D J-SI. 2018. Principles of Human Genetics and Mendelian Inheritance. In: Berlina AP,
(ed.) Neurometabolic Hereditary Diseases of Adults. Cham: Springer.
12. Haute Autorité de Santé (HAS). Fabry Disease: national protocol for diagnosis and care. 2010.
Available from: https://www.has-sante.fr/upload/docs/application/pdf/2010-12/ald_17_pnds_
fabry_vd.pdf. [accessed 30 July 2021].
13. Eng CM, Germain DP, Banikazemi M, Warnock DG, Wanner C, Hopkin RJ, et al. Fabry disease:
Guidelines for the evaluation and management of multi-organ system involvement.
Genet Med. 2006;8(9):539-48.

Fabry Findings Issue No. 5 Autumn 2021

8

Fabry International Network
Fabrynetwork.org

Copyright©2021 Fabry International Network. All rights reserved.

This publication does not provide medical advice, always seek the advice of your
consultant with any questions you may have regarding your medical condition.

This publication was prepared for the Fabry International Network
by Rare Disease Research Partners.

MPS Commercial is a Private Limited Company Registered No. 08621283. Registered address: MPS House, Repton Place, White Lion Road, Amersham,
HP7 9LP, United Kingdom. MPS Commercial trades as Rare Disease Research Partners and is a wholly owned, not for profit subsidiary of the Society for
Mucopolysaccharide Diseases (the MPS Society), Registered Charity in England and Wales No. 1143472. Registered as a Charity in Scotland No. SCO41012.
Rare Disease Research Partners’ social objectives are to reinvest any surplus to support the mission of the MPS Society to transform the lives of patients
through specialist knowledge, support, advocacy and research.

