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Clinical parameters, LysoGb3, podocyturia, and kidney biopsy 

in children with Fabry disease: is a correlation possible? 
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Abstract 

Background Fabry disease is an X-linked lysosomal storage disorder caused by α-galactosidase enzyme deficiency. We present 

clinical, biochemical, and histologic findings in children with classical phenotypic presentation of Fabry disease. 

Methods A retrospective analysis was performed using charts from 14 children with confirmed diagnosis. Clinical parameters 

were evaluated. Globotriaosylsphingosine -lysoGb3- detection in plasma, podocyturia, and kidney biopsy were carried out in all 

cases. 

Results All patients except one demonstrated at least one symptom of Fabry disease. LysoGb3 levels were above the normal 

range in all patients. Podocyturia was documented in all patients. Kidney biopsy revealed glomerular, interstitial, vascular, and 

tubular changes on light microscopy in nearly all patients. Electron microscopy showed podocyte inclusions in all patients. 

Conclusions No difference in symptomatology was discernible between boys and girls. Podocyturia was detectable in children 

serving as a possible early marker of kidney injury. LysoGb3 was elevated in all cases, emphasizing the importance for diagnosis 

especially in female patients with normal αGal A activity. A possible association between lysoGb3 and symptom severity and 

histological involvement in kidney biopsy should be assessed in prospective studies with enough statistical power to determine if 

lysoGb3 can be used to predict nephropathy in children with Fabry disease. 
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Introduction 
 

Fabry disease (FD) is an X-linked lysosomal storage disorder 

caused by mutations in the GLA gene leading to a markedly 

decreased or absent α-galactosidase A (aGal A) enzyme ac- 

tivity [1]. The enzymatic defect results in glycosphingolipid 

accumulation in plasma, urine, and tissues. Two major sub- 

types have been described: the type I Bclassic^ and the type II 

Blate-onset^ phenotypes [2]. Children with classic phenotype 
express the complete spectrum of manifestations, including 

neuropathic pain in hands and feet (acroparesthesias), abdom- 

inal cramps, diarrhea, angiokeratoma, hypohidrosis, and cor- 

nea verticillata. These are followed by progressive renal insuf- 

ficiency with proteinuria, arrhythmias with progressive hyper- 

trophic cardiomyopathy, and cerebrovascular disease [2]. 

Late-onset phenotype presents with cardiac and/or renal dis- 

ease, lacking the major early-onset classical manifestations. 

Males in general are more severely affected than females. 

 
 

  



 

 

 

However, female manifestations can range from asymptomat- 

ic to severe due to random X inactivation [3]. Measurement of 

globotriaosylsphingosine (lysoGb3) in plasma has become 

appreciated as a useful diagnostic tool. Elevated lysoGb3 test- 

ed during the presymptomatic period may be useful as a po- 

tential indication for early enzyme replacement therapy (ERT) 

[4]. In children with Fabry disease, ERT largely improves 

clinical symptoms (primarily gastrointestinal and neuropathic) 

and is believed to prevent later organ damage of the kidneys 

and cerebrovascular manifestations with less effect as it per- 

tains to cardiac outcomes [5–7]. As such, the issue of timely 

initiation of ERT in childhood is an increasingly important 

debate. Although lysoGb3 is a useful marker, histologic as- 

sessment including kidney biopsy may provide more defini- 

tive information about organ injury related to FD and better 

inform treatment decisions, as well as having prognostic im- 

portance (Figs. 1 and 2). 

The primary objective of our study was to assess the clin- 

ical manifestations, plasma lysoGb3, podocyturia, and base- 

line kidney biopsy abnormalities in children with FD before 

ERT. Secondary objectives were to evaluate a possible asso- 

ciation between plasma lysoGb3 level with the symptomatic 

burden of disease and kidney biopsy findings in children. 

 
 

Patients and methods 
 

This study was conducted in accordance with the principles of 

the Helsinki Declaration. All parents signed informed consent. 

Fourteen children (median age 10.5 years old), with con- 

firmed diagnosis of FD were included before ERT initiation. 

Fabry disease was confirmed by measurement of aGal A ac- 

tivity in dried blood spots (DBS) and GLA gene sequencing. 

Clinical parameters such as acroparesthesias, abdominal pain, 

and diarrhea were assessed by questioning the participants and 
 

Fig. 1 Electron micrograph of a glomerulus from patient 9. There are 

abundant Gb3 inclusions in podocytes and foot processes effacement 

(score +++) 

 

 

Fig. 2 Electron micrograph biopsy from patient 5 with arteriopathy. 

Hyaline-like inclusions are present in endothelial and media layer in small 

artery 

 
their parents. Angiokeratomas and cornea verticillata were 

evaluated by specialists in the field of metabolic disorders. 

Clinical burden was scored using a scale from 0 to 4. 

Scoring was achieved by adding 1 point to the severity score 

for each sign or symptoms related to one system/organ in- 

volved (peripheral nerve, gastrointestinal, skin, or cornea). 

LysoGb3 was extracted from plasma by solid phase 

(Waters Oasis McX). The separation and detection was done 

by ultra-performance liquid chromatography system coupled 

with a tandem mass spectrometer operated in MRM mode 

(Waters Corp. Milford, MA) UPLC-MS/MS with a reverse 

phase column. Samples were collected prior to ERT, and the 

LLOQ of the method was 1 nmol/L. The reference range was 

defined as the prediction interval that included 95% of values 

of a reference group: cutoff ≤ 1.2 nmol/L in females and ≤ 

1.0 nmol/L in males. Glomerular filtration rate (GFR) was 

estimated by using  the Schwartz formula and corrected  to 

1.73 m
2
 of body surface area. Microalbuminuria (> 30 mg/ 

24 h) and proteinuria (> 300 mg/24 h) was assesed at least 

twice before the kidney biopsy. Podocyturia was performed 

with some modifications with respect to one of our previous 

reports [8]. Briefly, a midstream freshly voided urine sample 

was collected on-site after a minimum of 3 h without voiding; 

20 ml of urine were centrifuged at 700×g for 5 min. The 

supernatant was discarded, and the sediment was stored in 

100 μl aliquots at room temperature mixed with an aliquot 

of 1.5 ml of formaldehyde buffer in PBS (pH 7.2–7.4). 

Then, we performed one centrifugation resuspending the pel- 

let twice in 10% formaldehyde buffer and once in 70% etha- 

nol. The stretches were made in xilanized slides. Cells were 

preincubated with rabbit non-immunized serum (1:100) in a 

humid chamber at room temperature for 1 h. Thereafter, 

podocytes were identified by indirect immunofluorescence 

using antibodies formed by rabbit anti-synaptopodin as the 

primary antibody (1:100, abcam, Cambridge, MA, USA) in 



 

 

 

a humid chamber at 4 °C overnight. Three 5-min rinses with 

PBS were done and the samples incubated with the secondary 

antibody: anti-rabbit IgG Alexa Fluor 488® (1:1000, Abcam, 

Cambridge, MA, USA) for synaptopodin in a humid chamber 

for 2 h at room temperature. Three 5-min rinses were followed 

by 40,6-diamidino-2-phenylindole (DAPI) staining of nuclei. 

Samples were analyzed employing an epifluorescent Nikon 

Eclipse e 200 microscope. Following our routine technique, 

synaptopodin-stained podocytes defined podocyturia and 

were counted in ten randomly chosen × 20 fields. The average 

of the counted podocytes in the microscopy fields was con- 

sidered as the final count of podocyturia for each subject. 

Results were corrected based on the levels of urinary creati- 

nine found in each sample. For that, the value of urinary cre- 

atinine was calculated for the initial urinary volume of 20 ml 

employed for podocyte counting. The control group consisted 

of age- and gender-matched children without known clinical 

morbidities and not undergoing any pharmacologic treatment. 

A kidney biopsy was undertaken in all patients to charac- 

terize the degree of kidney damage prior to initiation of ERT. 

Samples coming from four centers were evaluated by three 

specialized pathologists in the field (VA, RI, FT). Tissue was 

post-fixed in 1% osmium tetroxide and embedded in Epon. 

Sections were stained with toluidine blue and examined with 

light microscopy. A representative glomerulus was processed 

for transmission electron microscopy (EM). For standard light 

microscopy, biopsy tissue was fixed in 10% formalin, embed- 

ded in paraffin, and stained with hematoxylin and eosin, peri- 

odic acid–Schiff, silver-methenamine (Jones stain), and 

Masson’s trichrome. Biopsy specimens were scored by means 

of light microscopy according to changes in glomeruli. The 

finding of periodic acid–Schiff-positive hyaline-like material 

in vascular smooth muscle cells of small and large arteries was 

defined as arteriopathy. Globotriaosylceramide inclusions in 

various cell types and segmental foot process effacement were 

scored semiquantitatively (+ to +++, as described in [9]) by 

using light microscopy of the sections and EM. The scoring 

system proposed by the International Study Group of Fabry 

Nephropathy was not used, as segmental foot process efface- 

ment is not included as part of the scoring [ 10]. 

Semiquantitative scoring (− to +) of Gb3 accumulation in the 

endothelial cells was undertaken by EM. 

 
 

Results 
 

Only one patient (patient 14) was diagnosed as a result of 

typical symptomatology. The remaining patients were identi- 

fied based on family history. All but one patient displayed at 

least one sign/symptom of FD. One male did not have any 

symptoms (2 years old). 

The most common reported symptom was acroparestesias 

which was present in 50% of boys and 100% in girls. 

Abdominal pain and diarrhea were reported in 25% in males 

and 80% of females. Cornea verticillata was observed in one 

male, while 7/10 in females. Finally, angiokeratomas were 

found in 50% of males and 10% of females (Table 1). 

The aGal A activity in DBS was deficient in all males, but 

only 3/10 females had low enzyme activity levels, and normal 

in 3/10 cases (aGal activity was not measured in four females). 

All reported mutations were associated with the classic phe- 

notype of FD. LysoGb3 in plasma was measured in two males 

and nine females. In all cases, levels were above the normal 

range. No correlation was found between the type of mutation 

and the plasma lysoGb3 value. Podocyturia was present in 3/3 

boys and in 8/9 girls. Our control cohort of normal pediatric 

population showed negative podocyturia. 

Estimated GFR was normal in all patients. Microalbuminuria 

was present in 50% of males and 60% of females. Overt protein- 

uria was not present in any patient. Glomerular, interstitial, vas- 

cular, and tubular changes were present in nearly all patients, 

either alone or in combination (Table 2). Glomerular sclerosis 

was present in 2/14 patients, interstitial fibrosis in 3/14, 

arteriopathy in 11/14, and distal tubular inclusions in 12/14. 

Electron microscopy showed podocyte inclusions in all patients, 

while segmental foot process effacement was present in 12/14 

cases. Females with more symptomatic burden and more severe 

histologic findings had higher median levels of lysoGb3. 

 
 

Discussion 
 

Previously, a review of the Fabry Registry data showed that the 

median age of symptom onset was 6 years in males and 9 years in 

females. The most common initial clinical presentation in males 

is episodic neuropathic pain in hands and feet, while recurrent 

gastrointestinal symptoms are the second most common initial 

presentation [11]. Available information on signs and symptoms 

onset during the early childhood period (before age of 5 years) 

suggests that acroparesthesias were reported in children ranging 

in age from 2.0 to 4.0 years [12]. In our population, 50% of boys 

presented acroparesthesias, and it is important to highlight that the 

other 50% were two cases at the age of 2 and 4 years. All girls 

reported neuropathic pain of various intensity. Gastrointestinal 

compromise was the second most common manifestation in our 

cohort of girls. Dermatological signs were present in the two older 

boys and just in one girl. Corneal involvement was frequent in 

girls as has been reported previously [13]. 

The aGal A activity testing alone, if low, is sufficient to 

diagnose male patients. However, confirmation of the disease- 

causing GLA mutation is important, as in many cases, it can 

establish the disease phenotype and rule out benign polymor- 

phisms [14]. In female patients, demonstration of the presence 

of a disease-causing mutation in the GLA gene is required as 

the plasma enzyme activity can be found within the normal 

range in 40% of cases [15, 16]. All male patients in our study 



 

 

 

Table 1 Demographics, clinical and biochemical findings in 14 pediatric patients 
 

Patient/ Age at kidney Age at symptoms Acroparesthesias Abdominal Cornea AngioK Alfa-GAL lysoGb3 Mutation (type) 

gender biopsy (years) onset (years)  pain/diarrhea verticilatta  A (DBS) (nmol/L)  

1-F 9 7 + – + + 1.5 10.5 L415P 

(missense) 

2-F 9 8 + + + – NA NA L415P 

(missense) 

3-F 11 6 + – + – NA 1.8 T194I (missense) 

4-F 12 6 + + – – 3.8 5.24 L415P 

(missense) 

5-F 13 9 + + – – 8.2 3.84 L415P 

(missense) 

6-F 13 9 + + + – NA 4.2 L415P 

(missense) 

7-F 14 5 + + + – 4.1 7.3 A292T 

(missense) 

8-F 15 6 + + + – 1.6 2.9 A292T 

(missense) 

 15 7 + + + – NA 2.9 N34D (missense) 

10-F 17 8 + + – – 6.4 4.4 IVS4-1G>C 

(splice 

mutation) 

11-M 2 – – – – – 0.8 NA H225R 

(missense) 

12-M 4 – – – NA – 0.4 18.4 E398X 

(missense) 

13-M 6 4 + + + + 0.3 40.8 Del Exon 7 

(deletion) 

14-M 7 4 + – – + 0.3 NA IVS4-1G->A 

(splice 
mutation) 

a alfa-Gal A in dried blood spot, normal range: > 4 umol/l/h. Lyso-Gb3 normal value: females ≤1.2 nmol/L and males ≤1.0 nmol/L. 

 

 

showed very low levels of enzyme activity in DBS, while only 

50% of females had normal levels. 

LysoGb3 is a deacylated metabolite of globotriaosylceramide 

(Gb3) with a higher sensitivity than Gb3 and a good correlation 

to the FD phenotype. Different studies [17–19] have demonstrat- 

ed that lysoGb3 in adults is a reliable diagnostic tool to discern 

classical FD from late-onset FD. In individuals with a genetic 

variant of unknown significance presenting with a non-specific 

FD sign (such as left ventricular hypertrophy or chronic kidney 

disease) but without characteristic phenotypical or biochemical 

features of classical FD, increased lysoGb3 values are suggestive 

for a diagnosis of FD. Normal lysoGb3 cannot exclude FD in 

women but makes a diagnosis of FD in men highly unlikely. 

Elevated lysoGb3 has been documented during the first months 

of life in classic FD [20], exceeding normal range by over 15 

times. LysoGb3 can possibly improve the initial diagnosis of FD, 

particularly in females with normal and/or borderline aGal A 

activities, and the presentation of non-specific symptoms such 

as heat intolerance, pain, and gastrointestinal symptoms [21]. 

Few publications have reported on lysoGb3 measurement in 

the pediatric population. Treatment-naive pediatric male patients 

enrolled in FIELD (Fabrazyme: Intervening Early at Low Dose) 

study had elevated plasma lysoGb3 levels [22]. One patient with 

a late-onset variant was included and showed elevated levels of 

lysoGb3 as well. No previous literature on lysoGb3 levels in 

female pediatric patients has been published. Our study showed 

in females the distinction between more clinically affected (clin- 

ical score of 3) and less clinically affected (clinical score of 2), 

with a higher lysoGb3 median level in the first group. A similar 

observation was evident in cases with more severe histological 

involvement on kidney biopsy in relation to plasma lysoGb3. 

Higher plasma lysoGb3 levels and lower leukocyte aGal A ac- 

tivities are not directly linked in heterozygotes, presumably due 

to random X-chromosomal inactivation [3]. Thus, lysoGb3 

levels can be a better indicator of overall disease severity, but 

further studies are needed to evaluate this predictive value [23]. 

Fabry disease is associated with increased podocyte 

loss. Trimarchi et al. reported that podocyturia is an ideal 

non-invasive biomarker to assess early glomerular in- 

volvement in  adult  patients, especially in   hereditary 



 

 

 

Table 2 Tisular findings in kidney biopsy 
 

Patient/ 

gender 

Microalb Podocituria Segmental foot 

process effacement 

Podocyte 

inclusions 

Glomerular 

esclerosis 

Distal tubular 

epithelial inclusions 

Arteriopathy Endotelial 

inclusions 

Intestitial 

fibrosis 

1-F – NA + ++ – + + + – 

2-F + 0.2 + ++ – + – + – 

3-F + 2.8 + ++ – – + + – 

4-F + 0.1 + +++ – + + + – 

5-F + 0.2 + +++ – + + + – 

6-F + 2.2 – +++ – + + + – 

7-F – 0.5 ++ +++ + + + + + (10%) 

8-F + 0.4 + +++ – + + + – 

9-F – 1.1 + +++ – + + + – 

10-F – 0 + +++ – + + + – 

11-M + 0.4 + + + + – + + (5%) 

12-M – 0.2 + ++ – + + + + (5%) 

13-M – 1.2 – +++ – – – + – 

14-M + NA + +++ – + + + – 

Globotriaosylceramide inclusions in various cell types and the segmental foot process effacement were scored semiquantitatively (+ to +++). Endothelial 

inclusions were assessed by −/+. Interstitial fibrosis was estimated semiquantitatively in % 

Microalb microalbuminuria 

 

diseases such as FD, as it could be employed in relatives  

in whom both the enzymatic and the genetic diagnosis 

have been previously made and no proteinuria exists 

[24]. In  adult patients, podocyturia has been shown to   

be elevated in treated patients versus untreated controls  

[8]. Furthermore, podocyturia is directly associated with 

proteinuria and inversly asscoiated with eGFR [24]. Very 

little has been described about podocyturia in the pediatric 

population [25, 26]. 

In Fabry nephropathy, the initial histological accumulation of 

Gb3 in podocytes is later accompanied by ultrastructural foot 

process effacement without any clinical or biochemical signs of 

renal involvement, such as proteinuria or elevated creatinine, 

which are usually prerequisites for obtaining a kidney biopsy 

[9, 27]. The first systematic renal biopsy study in children with 

FD included nine patients (seven males), and in all patients, light 

and EM microscopy showed severe Gb3 accumulation in 

podocytes despite minimal proteinuria [9]. This is in line with 

our current findings even in very young patients (4 and 6 years 

old). Najafian et al. carried out kidney biopsy in 14 patients (age 

range 4–19 years) showing Gb3 inclusions in all glomerular cell 

types [27]. At the same time, in young patients, podocyte Gb3 

accumulation was increased with patient age and was associated 

with foot process widening, which correlated with urinary 

albumin/creatinine ratio [28]. 

One of the most relevant observations in our population 

was the finding of ultrastructural early segmental podocyte 

foot process effacement in all but two patients. Similar find- 

ings were reported by Tøndel et al. in eight patients (age range 

4–16 years), concluding that early foot process damage may in 

fact represent a Bsilent window^ where segmental flattening 

precedes the development of overt proteinuria [29]. As in 

other reports [30–32], distal tubular involvement and 

arteriopathy were very frequently found in our patients. 

Despite the young ages of this cohort, mild interstitial fibrosis 

was present in 3/14 cases, showing that a combination of 

podocyte damage and arteriopathy may trigger this character- 

istic sign of irreversible glomerular compromise. 

Our results further strengthen previous observations that 

standard clinical assessments including creatinine and protein- 

uria are not sufficient to exclude kidney involvement in FD. 

Kidney biopsy is necessary to evaluate whether kidney in- 

volvement is present despite normal clinical parameters and 

is also useful to exclude non-Fabry renal diseases in cases with 

an atypical clinical course, such as rapid decline of renal func- 

tion or very early development of heavy proteinuria. 

Several reports have described that reduction and even 

clearing of podocyte Gb3 deposits are related to the cumula- 

tive dose of ERT received [33–36]. At lower doses of admin- 

istered ERT, neither podocyte Gb3 scoring nor albuminuria 

decreased significantly. Based on clinical symptoms, positive 

podocyturia, and kidney biopsy findings, agalsidase beta was 

initiated in all of our patients. 

Our paper presents several limitations. The small number 

of patients is a significant limitation. While the Mainz severity 

score is validated, it is useful mainly for adults due the inclu- 

sion of cerebrovascular, cardiac, and kidney involvement usu- 

ally not present in childen with FD. There are no specific 

validated scales for the assessment of clinical involvement in 

the pediatric Fabry population. Although it has not been 



 

 

 

validated, we found that 1 point per clinical parameter could 

be useful for this study. Various methods have been used to 

measure lysoGb3, including HPLC and LC-MS/MS. Quality 

control materials and interlaboratory testing are required to 

standardize lysoGb3 measurements among laboratories. 

Even though the podocyturia measurement technique is non- 

invasive and simple, it is also time consuming and needs to be 

validated with studies adjusted for kidney function, age, and 

probably also to the type of glomerulopathy, among other 

variables. Kidney biopsy sampling errors may challenge the 

sensitivity of our findings, and the assessment of foot process 

damage is subjective and not yet standardized by international 

consensus. 

 
 

Conclusions 
 

We confirm the presence of characteristic symptomatology in 

children with FD type I, even during the first decade of life 

with no distinction between boys and girls. At the same time, 

we replicated the previously reported findings related to the 

early damage in kidney biopsy before the appearance of pro- 

teinuria. For the first time, we measured and confirmed the 

existence of podocyturia in children as an early marker of 

kidney compromise. LysoGb3 was elevated in all cases and 

the possible association between plasma lysoGb3 and symp- 

tom severity and histological involvement in kidney biopsy 

should be assessed in prospective studies with enough statis- 

tical power to determine if lysoGb3 can be used to predict 

nephropathy in children with FD. 
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