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Introduction
Fabry disease (FD), also called
Anderson-Fabry disease, is a rare
hereditary disorder of glycosphingolipid
metabolism. It results from a deficiency
of the enzyme alpha-galactosidase-A
(α-Gal A). The enzyme is coded for on
the X-chromosome by the GLA gene.
Deficiency of the α-Gal A enzyme leads
to progressive accumulation of the
glycolipid, globotriaosylceramide (Gb3),
causing widespread organ damage and
elevated plasma lyso-Gb3 (a degradation
product of accumulating Gb3).

FD was first described in 1898 by two
physicians working independently;
William Anderson and Johannes Fabry
described patients with ‘angiokeratoma corporis diffusum’, the red-purple
maculopapular skin lesions that are now
recognised as a characteristic feature
of the disorder. FD is an uncommon
condition, with an incidence in males of
approximately 1:40 000 and an estimated
incidence of 1:20 000 in females.
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Fabry disease and the kidney

Inheritance and pathophysiology of FD
More than 900 mutations have been described
in the GLA gene. Because the gene is on the
X-chromosome, males who carry the abnormality are always affected. Disease in females
is possible but tends to be less clinically
obvious and is dependent on X-inactivation
(lyonisation).

Males with FD will transmit the mutation to
all of their daughters, but not to their sons.
Heterozygous females have a 50 % chance of
transmitting the defective gene to their children, whether boys or girls (Figure 1).

Segregation of X-linked trait
(hemizygous father)

Segregation of X-linked trait
(heterozygous mother)

Hemizygous male (affected)

Hemizygous female (with defective gene)

Unaffected male

Unaffected female

Figure 1. Inheritance pattern of the GLA gene

Not all mutations are known to be pathogenic. Some cause complete deficiency or
inactivation of α-Gal A enzyme activity, while
others may result in a relative or partial deficiency. This accounts for the heterogeneity

Gal
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in clinical presentation ranging from ‘classic’
to more subtle presentations. Figure 2 indicates the basic action of the enzyme which,
if absent, results in accumulation of lipid
(Gb3).

Glc

Ceramide

Gb3

Lysosomal α-Gal A catalyses
the hydrolysis of Gb3
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Figure 2. Mechanism of action of α-Gal A
2

I

APRIL 2021

Ceramide

Fabry disease and the kidney
The mutated forms of the GLA gene lead to:
• Altered metabolism of glycosphingolipids,
especially Gb3
• Accumulation of Gb3 in the lysosomes
(Figure 3, the ‘zebra body’), particularly
in the kidneys and nervous system, and in
cells lining blood vessels in the skin.
Accumulation of Gb3 damages cells, leading
to organ damage and a variety of signs and
symptoms; this damage differs among organs
and cell types, owing to different rates of
sphingolipid metabolism. Secondary effects
of Gb3 accumulation include pro-inflammatory and oxidative processes, and altered
cellular apoptosis and necrosis pathways.
Globotriaosylsphingosine (lysoGb3) may be
a marker of disease (deacetylated Gb3) in
serum.

Figure 3. Electron microscopy of kidney biopsy:
accumulation of Gb3 in lysosomes of podocytes

Clinical features of FD
FD can manifest in multiple systems as indicated in Figure 4. The manifestations are protean and the condition is often misdiagnosed.
Patients may be diagnosed with autoimmune
disease or may be treated for cardiac, renal or
neurological disease.

Non-classic or ‘late-onset’ FD may present
decades later with unexplained cardiac, renal
or neurological disease. Classic FD patients
typically have completely absent enzyme
activity while late-onset variants have >1
% activity of α-Gal A. Late-onset FD has
been associated with several rare gene variants, which result in partial enzyme activity
loss. The life expectancy of males with FD
is about 58 years, and the life expectancy of
females with the disease is just over 75 years.

Classic FD presents in the second to third
decade in male patients, with manifestations
that include acroparaesthesia, angiokeratomas, hypohidrosis and corneal opacities.
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Psychological issues
(e.g. depression)
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Early stroke, TIAs

8

Hearing loss, tinnitus

9

Renal complications
(decline in GFR, (micro)
albuminuria/proteinuria, endstage renal disease)

10

GI dysmotility
(cramping, diarrhoea, bloating,
nausea)
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Angiokeratoma

1
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9
10

Cardiac complications
(arrhythmias, conduction
abnormalities, LVH (all with
corresponding changes on
ECG), valvular dysfunction,
myocardial infarction, heart
failure, sudden death)
Peripheral neuropathy
(chronic burning pain,
severe episodic pain crises,
paraesthesias, sensory
abnormalities)
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Figure 4. Clinical features of FD
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Renal disease
Renal involvement in FD is common and can
manifest in a number of ways. In the Fabry
Outcome Study, 43 % of patients had kidney
involvement. The majority of these patients
had proteinuria (83 %) but 14 % of patients
presented with end-stage kidney failure
(ESKF). Presentation often depends on the
phase of the disease and may include:
• Proteinuria, microalbuminuria – the most
common manifestation (prevalence of the

severity of different degrees of proteinuria
is shown in Figure 51)
Progressive reduction of renal function
with declining glomerular filtration rate
End-stage renal disease requiring dialysis
or transplantation
Impaired concentration ability
Increased urinary Gb3 excretion
Frequent occurrence of renal cysts.

•
•
•
•
•

40

Fabry patients with proteinuria (%)

Male (n=39)
Female (n=63)

30

20

10

0
0–0.3

0.3–0.5

0.5–1.0

1.0–1.5

1.5–2.0

2.0–2.5

2.5–3.0

3.0–3.5

3.5–4.0

>4.0

Proteinuria (urinary protein excretion, g/24h)
Figure 5. Severity of proteinuria in FD patients1

Renal disease is generally progressive in
patients with FD and the majority of patients
will progress to ESKF. Patients with classic FD usually present with kidney disease
in their 30s and progress to kidney failure.
Patients with late-onset disease may present
later with established renal failure (Figure 6);

these patients often lack the classic phenotypic features such as angiokeratoma and corneal opacities. Early diagnosis and treatment
may stabilise disease and reduce progression.
Biopsy can be diagnostic in experienced
hands (Figure 7).

Classic

Late onset

•

Glomerular damage and glomerulosclerosis

•

Late-onset proteinuria and ESRD, typically after
50years of age

•

Progressive proteinuria, microalbuminuria and
haematuria

•

Detected in 0.24-1.00 % of males in haemodialysis

•

Parapelvic renal cysts

•

•

Progressive renal function decline

GLA gene mutations E66Q, A97v, M2961 and
373D, D313Y, among others, have been associated
with the late-onset patient phenotype

Figure 6. Signs and features of classic vs late-onset FD in the kidney
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(A) Glomerulus showing extensive inclusion bodies of glycolipid in podocytes (arrowhead), and mild mesangial widening (PAS stain;
magnification, ×80).
(B) Plastic embedded tissue showing in-site deposition of glycolipid in glomerular podocytes (arrowhead; toluidine blue stain; magification,
×80).
(C) Plastic embedded renal tissue demonstrating glycolipid inclusion bodies in distal tubules (asterisk), with relative sparing of proximal
tubules, and interstitial fibrosis (toluidine blue stain; magnification, ×80).
(D) Deposition of glycolipid in endothelial cells of peritubular capillaries (asterisk; toluidine blue stain; magnification, ×200).
(E) Urine showing vacuolated urinary epithelial cells (oval fat bodies) in a Fabry patient. (Papanicolaou stain; magnification, ×160).
Figure 7. Renal histology of FD

Screening and diagnosis of FD
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In patients with a family history and classic
disease it is likely that testing for the possibility of FD will happen earlier. However, this
is not always the case and depends on the
clinician’s knowledge and awareness of this
rare condition. FD patients are often misdiagnosed (Figure 8).
Earlier diagnosis is important because available treatments can prevent the accumulation
of lipids and the resultant tissue damage.
Once damage is established (e.g. ESKF) it
is usually not possible to reverse it. Patients
who present with renal, cardiac or neurological disease should be identified for screening
particularly if they have any of the following:
• Family member(s) who died before age

•
•
•
•
•
•
•
•
•
•

60 years of kidney failure, heart failure,
stroke, sudden death or unknown causes
Family member(s) on dialysis before age
55 years
Unexplained cardiomyopathy (especially
left ventricular hypertrophy (LVH)),
arrhythmias, valvular abnormalities
Stroke
Obstructive pulmonary disease
Neuropathic pain in the hands and feet
Corneal opacity
Heat, cold and exercise intolerance
Unexplained gastrointestinal disturbances
Dermatological conditions such as
angiokeratomas/telangiectasias
Decreased sweating (hypohidrosis).
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Percentage of misdiagnoses (%)
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Figure 8. Misdiagnoses in FD

It has been recognised that the prevalence of
the Fabry gene mutation is likely to be significantly higher than initially assumed. There
are also a significant number of individuals with a Fabry gene variant of unknown
significance who do not have classic disease
manifestations and have α-Gal A levels that
are higher than those seen in classic patients.
Screening has been performed in high-risk

Population

Test

Confirmation
method

Fabry
number

Prevalence
per 100 (%)

Utsumi 2000 (Japan)

HD + CAPD

PLASMA

DNA

M: 1/440
F: 0/282

0.14

NAKAO 2003 (Japan)

HD

PLASMA

L, DNA

M: 6/514

1.17

HD + CAPD

Full blood

DNA

M: 1/508

0.22

Kotanko 2004 (Austria)

HD

DBS

L, DNA

M: 4/1516
F: 0/964

0.16

Bekri 2005 (France)

HD

L

DNA

M: 1/ 59
F: 0/47

0.94

lchinose 2005 (Japan)

HD

PLASMA

L, DNA

M: 1/450

0.22

Maslauskiene 2007 (Lithuania)

HD

DBS

M: 0/536

0

Tanaka 2005 (Japan)

HD

PLASMA

L, DNA

M: 4/401
F: 1/295

0.72

HD + CAPD

PLASMA

L, DNA

M: 0/499

0

Study

Linhorst 2003 (The Netherlands)

Andrade 2007 (Canada)
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patient populations who experienced organspecific symptoms that could be caused by
FD, including renal failure requiring dialysis
or kidney transplantation, LVH and stroke.
Screening in dialysis patients has been performed in several countries around the world
(Figure 9). Screening is usually done by measuring enzyme activity and undertaking gene
sequencing of whole blood or dried blood
spots (DBS) (Figure 10).

Fabry disease and the kidney

Population

Test

Confirmation
method

Fabry
number

Prevalence
per 100 (%)

Merta 2007 (Czech Republic)

HD

DBS

Plasma,L, DNA

M: 4/1521
F: 1/1849

0.15

Terryn 2008 (Belgium)

HD

DBS

L, DNA

M: 1/180
F: 2/742

0.33

Porsch 2008 (Brazil)

HD

DBS

DNA

M: 1/558

0.36

Gaspar 2010 (Spain)

HD

DBS

DNA

M: 3/543
F: 2/368

Fujji 2009 (Japan)

HD

DBS

DNA

M: 1/625
F: 2/399

Oqvist 2009 (Austria)

HD

DBS

L, DNA

M: 4/1516
F: 0/964

Kim 2010 (Korea)

HD (only those with
elevated Gb3)

PLASMA

L, DNA

M: 0/311
F: 0/169

Wallin 2011 (UK)

HD

DBS

L, plasma

M: 0/155

Nishino 2012 (Japan)

HD

DBS

DNA

3/933

Ucar 2012 (Turkey)

HD

PLASMA

DNA

M: 2/808

Doi 2012 (Japan)

HD

PLASMA,L

DNA

M: 2/1080

Okur 2013 (Turkey)

HD

DBS

DNA

M: 2/615
F: 0/521

Kabalan 2013 (Lebanon)

HD

PLASMA

–

M: 0/275

Maruyama 2013 (Japan)

HD+PD

PLASMA

DNA

1/1453

HD

DBS

DNA

M: 4/2239
F: 7/1411

Study

Hererra 2014 (Spain)

Figure 9. Dialysis population screening for FD

Simply requires a standard blood sample or DBS to be sent to your local lab for analysis
The specific testing method used by the lab may be different for males and females as summarised below
Male

Female

Or*
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Consider other diagnoses

Figure 10. Testing for FD
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Screening South African dialysis patients
In 2018 we embarked on a project to screen
dialysis patients in South Africa to detect
possible undiagnosed FD; 44 units and a
total of 1 555 patients were screened. DBS
were collected after informed consent, and

education of patients was carried out; five
patients were found to have gene mutations consistent with definite or possible FD
(Figure 11). These patients were unrecognised
prior to screening.

Cases
Case 1

Case 2

Case 3

Case 4

Case 5

Gender

Male

Male

Male

Female

Female

Age

50

68

63

65

23

LysoGb3
(normal <1.8 ng/ml)

4.2 ng/ml

0.9 ng/ml

1.2 ng/ml

1.5 ng/ml

0.9 ng/ml

Description of variant
Relevant history

Pathogenic variant.
Affected

Variant of uncertain
signifcance (VUS) recently reclassified.
Diabetic kidney
disease. No family
history.

Variant of uncertain
significance (VUS) recently reclassified.
Previous stroke.
Family history FSGS
on kidney biospsy.

Variant of uncertain
significance (VUS) recently reclassified.
Previous stroke.
Family history
compatible.

Variant of uncertain
significance (VUS) Type 1 diabetic.
Shrunken kidneys.
Severe LVH.

GLA mutation

Asn215Ser

Thr385Ala

Asp313Tyr

Thr385Ala

Asp313Tyr

Alpha-Galactosidase
(normal >15.4 umol/hr)

<0.8 (LOD) µmol/L/
hr

17.4 µmol/L/hr

14.7 µmol/L/hr

Not done (female)

Not done (female)

Figure 11. Cases of Fabry gene mutations detected on screening in South Africa

Therapy for FD
If FD is confirmed:
• Refer the patient to an appropriate specialist at a Fabry centre
• Perform pedigree analysis to determine
if other members of his/her family are
affected
• Undertake genetic counselling to help
the patient understand and adapt to the
medical, psychological and familial implications of genetic contributions to the
disease.
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Therapeutic options (Figure 12) include
enzyme replacement therapy (ERT) with
agalsidase alpha or agalsidase beta to help
normalise kidney function, cardiac function and blood supply to the brain. Therapy
is very costly and late therapy has not been
shown to be cost effective.
Supportive therapies for established organ
damage include, among others, pain relief,
management of chronic kidney disease, dialysis and transplantation, revascularisation and
antiplatelet therapy, and treatment of cardiac
failure.

Fabry disease and the kidney

ERT

Other adjunctive therapies
used to treat the symptoms
of Fabry disease

•

ERT was introduced in 2001 and offered the first opportunity to treat the underlying
enzyme deficiency of Fabry disease

•

It provides an exogenous source of α-Gal A replacing the deficient enzyme in the
body’s cells, helping slow disease progression

•

ERT for Fabry disease is administered intravenously every other week and is indicated
for patients with a confirmed diagnosis of Fabry disease

•

Pain (e.g. anticonvulsarts, anti-anginal agents for chest pain)

•

Hypertension (e.g. ACE inhibitors)

•

Renal disease (e.g. ACE inhibitors, dialysis, transplantation)

•

Cardiac disease (e.g. antiarrhythmics, diuretics, pacemaker)

Figure 12. Treatment options for FD2-4

FD, though
rare, is
probably underrecognised in
South Africa

Future therapies
Chaperone therapy
Some α-Gal A gene mutations can lead to
misfolded α-Gal A variants that have residual
enzyme activity but are unstable. Some
mutant α-Gal A variants (termed ‘amenable’)

may be stabilised by chemical chaperones,
which bind to the active site and promote correct folding.

Gene therapy
The first human trial of gene therapy for FD
is in progress. A lentiviral vector carrying a
healthy copy of the GLA gene has been developed by Avrobio and is used to infect host
stem cells. It is administered as a single dose

and normalised α-Gal A levels were observed
in an initial patient who is now off ERT.
There are concerns about a decrease in the
number of vector copies in peripheral blood;
the significance of this is not clear.

Conclusion
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FD, although rare, is probably under-recognised in South Africa. Misdiagnoses are
common and awareness of the condition can
result in appropriate screening tests being

performed. Early diagnosis can prevent longterm consequences of the disease by allowing
for appropriate therapy.
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Key learnings
• FD arises from a deficiency in the enzyme α-Gal A, coded for by the GLA gene on the X-chromosome
• Males who carry a GLA abnormality are always affected; disease in females is possible but less clinically
obvious
• Not all GLA mutations are known to be pathogenic
• Accumulation of Gb3 damages cells and can lead to end-organ damage
• Manifestations are protean and patients are often misdiagnosed
• Classic FD patients typically have completely absent enzyme activity while late-onset variants have >1 %
activity of α-Gal A
• Renal involvement in FD is common and can manifest in a number of ways; early diagnosis and treatment
may stabilise disease and reduce progression to end-stage kidney disease
• Screening and diagnosis are usually performed by measuring enzyme activity and through gene
sequencing
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• Current therapeutic options include ERT with agalsidase alpha or agalsidase beta.
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