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A 10-year-old Boy with Microscopic Hematuria and 
Renal Biopsy Findings Mimicking Fabry Disease 

Fabry disease is an X-linked lysosomal storage disorder caused by a deficiency of 
the enzyme α-galactosidase A, resulting in the accumulation of glycosphingolipids 
within the lysosomes of various cell types. It has a wide spectrum of clinical pheno-
types, and renal failure is a serious complication. Fabry disease is confirmed either 
by measurement of α-galactosidase A activity or by genetic testing for GLA muta-
tions. Renal biopsy findings on light microscopy, specifically enlarged podo cytes 
with foamy cytoplasm, and osmiophilic inclusion bodies in the cytoplasm in all 
types of renal cells on electron microscopy, are characteristic of this disease. The 
predominant differential diagnosis is iatrogenic phospholipidosis in association 
with certain drugs that can cause cellular injuries indistinguishable from Fabry 
disease. Here, we report the case of a 10-year-old boy with microscopic hematuria 
who underwent a renal biopsy that showed morphological findings consistent 
with Fabry disease, although the patient had neither a GLA mutation nor a history 
of drug consumption. Six years later, spontaneous regression of this renal patho-
logy was observed in a second renal biopsy examination. 
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Introduction

Fabry disease is a very rare X-linked genetic disorder arising from a defici-
ency in lysosomal α-galactosidase A, which catalyzes the breakdown of glyco-
sphingolipid, especially globotriaosylceramide, which is present in the plasma 
membrane of most cells1). Insufficient enzyme activity results in the accumu-
lation of globotriaosylceramide within the lysosomes of many cell types. Male 
patients are typically affected by corneal dystrophy, cutaneous involvement, 
neurologic abnormalities, and cardiovascular and renal diseases2). Atypical 
Fabry disease presents with oligosymptomatic manifestations, which are re-
stricted to the heart and/or kidneys3,4). This X-linked disease is completely 
expressed in hemizygous males as a loss of α-galactosidase A, which is a de-
finitive criterion for diagnosis. However, the clinical presentation is quite 
variable. Most female heterozygotes are considerably affected. However, un-
like the typical descriptions, they show variable levels of enzyme activity, with 
a broader range of clinical symptoms5,6). Renal biopsy may be helpful in the 
diagnosis of Fabry disease, as intracellular vacuolization caused by intracel-
lular lipid inclusions is noted in many cells, especially podocytes. Although 
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unique intracellular osmiophilic structures, such as my-
eloid figures or zebra bodies, are highly characteristic of 
this disease, similar structures are detected in silicon ne-
phropathy and iatrogenic phospholipidosis induced by 
various drugs, including amiodarone, chloroquine, and 
hydroxychloroquine2,7-9). Here, we report the case of a 10- 
year-old boy with hematuria who underwent a renal biopsy 
that showed the characteristic morphology of Fabry disease, 
even though the clinical findings were not consistent with 
this diagnosis.

Case report

A10.8-year-old boy presented with microscopic hema-
turia in a pediatric nephrology department. The micro-
scopic hematuria was detected 3 years prior to this visit 
during a school urinary screening; however, the boy did 
not show any symptoms or signs. On admission, he was 
150.1 cm tall (90-95th percentile) and weighed 42.0 kg (75-
90th percentile). His blood pressure was 128/80 mmHg, and 
no specific findings were observed during systemic review 
and physical examination. He had neither a familial history 
of renal disease nor a history of medication use. Urine an-
alysis yielded the following results: RBC, 10-30/HPF; pro-
tein -; occult blood, ++250; protein-to-creatinine ratio, 0.07; 
and calcium-to-creatinine ratio, 0.10. Renal function test 
results were normal (BUN/Cr, 13/0.86 mg/dL and eGFR, 155 
mL/min).CBC, serum electrolytes, and blood biochemistry 
showed no abnormal findings. He was followed-up regu-
larly for 3 years and was not prescribed any medication.

Renal biopsy was performed 3 years after the first visit. 
He still had microscopic hematuria without any other 
symptoms or signs. Based on the renal histologic findings, 
which suggested Fabry disease, α-galactosidase enzyme 
activity was measured. Enzymatic activity was in the nor-
mal range (normal range: 40-85 nmol/h/mg) for both the 
patient (41 nmol/h/mg) and his mother (45 nmol/h/mg). 
No mutation in the GLAgene was found. Criteria indicative 
of Fabry disease, such as acroparesthesia, angiokeratoma, 
sweating abnormalities, eye problems, stroke, and left ven-
tricular hypertrophy, were not detected at follow-up.

A second renal biopsy was performed when he was 16 
years old. He still had microscopic hematuria. No other 

abnormal symptoms were observed, and he showed normal 
α-galactosidase enzyme activity (50.8 nmol/h/mg).

Renal biopsy
Two cores of renal cortex and medulla were obtained in 

the first renal biopsy, and 10 glomeruli were observed under 
light microscopy in paraffin-embedded sections. The glo-
meruli were normocellular and normal in size. The mesan-
gium was not expanded. The visceral epithelial cells in one 
glomerulus had plump, vacuolated cytoplasm in 3 out of 
10 glomeruli and one or two podocytes were showing this 
zebra body in one glomerulus (Fig. 1); however, the other 
glomeruli were unremarkable. The glomerular basement 
membrane was not thickened. The tubules and interstitium 
were well preserved, and none of the cells had vacuolar cy-
toplasm. The blood vessels showed no evidence of sclerosis 
or vasculitis. Immunofluorescence staining for immuno-
globulin (Ig)G, IgA, IgM, complement (C)3, C4,and fibri-
nogen were negative.

In the ultrastructural examination, we observed that the 
podocytes contained prominent membrane-bound, elec-
tron-dense bodies showing a multilamellar appearance, 
characteristic of myelin figures or zebra bodies (Fig. 2A and 
B). The curvilinear bodies were not detected. The glomerular 
basement membrane was of normal thickness, and the foot 
processes showed focal effacement. No immune-type 
electron-dense deposits were noted.

In the second renal biopsy, one core of the renal cortex, 
which contained 13 glomeruli, was obtained. No diagnostic 

Fig. 1 

Fig. 1. The podocyte (arrow) is enlarged with foamy, clear cyto-
plasm (Masson trichrome stain, x1,000).
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abnormalities were observed under light microscopy and 
by immunofluorescence staining. On ultrastructural exa-
mination, membrane-bound, electron-dense bodies were 
not detected in the glomeruli, tubules, or vessels. The thick-
ness of the glomerular basement membrane was normal 
(mean, 336.58 nm).

Discussion

The renal histologic findings of Fabry disease were first 
described about 50 years ago10,11). In Fabry disease, lysoso-
mal α-galactosidase A deficiency leads to enlargement of 
glomerular podocytes with clear cytoplasmic vacuoles 
observable under light microscopy, caused by the accu-
mulation of globotriaosylceramide in the lysosome. Ultra-
structural examination of the renal tissue in Fabry disease 
shows typical inclusion bodies that look like “onion skin” 
with a “zebra” appearance owing to the concentric lamel-
lation of transparent and dark layers in the cytoplasm of all 
renal cell types. These characteristic structures are found 
in tubular epithelial cells; all glomerular cells, especially 
podocytes; and the endothelial cells of renal vessels. In our 
case, immunofluorescence staining for immunoglobulins 
and complement components was negative. Electron mic-
roscopic examination revealed abnormal findings in the 

glomerular basement membrane, such as duplication, al-
though these findings are rare12). These are prominent cha-
racteristics of Fabry disease; however, they are not diag-
nostic. Therefore, differential diagnosis to rule out other 
diseases showing lipid accumulation in lysosomes is im-
portant. In this case, there were neither clinical symptoms 
nor signs of Fabry disease. Alpha-galactosidase A levels in 
the leukocytes were normal, and no mutation in the GLA 
gene was detected;however, zebra bodies were observed in 
the first renal biopsy by electron microscopy. There was no 
familial history of hematuria or Fabry disease. The most 
useful finding during differential diagnosis is the location 
and shape of the multilamellated myelin figures9). Diseases 
showing lipid accumulation in glomerular podocytes, 
similar to Fabry disease, include infantile nephrosialidosis, 
GM1 gangliosidosis, I-cell disease (mucolipidosis, type 2), 
Hurler syndrome, and Niemann-Pick disease. However, 
among these diseases, only Niemann-Pick disease shows 
distinct myelin figures8). Iatrogenic phospholipidosis shows 
histologic features that are most similar to those of Fabry 
disease9), and it is caused by several drugs, including chlo-
roquine, amiodarone, and aminoglycosides8,9,13,14). Chloro-
quine was developed as a therapeutic agent for malaria and 
amebiasis, and it is also used in the treatment of autoim-
mune diseases such as rheumatoid arthritis and lupus ery-
thematosus. Chloroquine has serious adverse effects, 

Fig. 2 
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Fig. 2. Many zebra bodies of varying size are seen within the podocyte cytoplasm (Electron 
micrography, x3,000 (A) ,x7,500 (B)).
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including renal toxicity, ophthalmic keratopathy, derma-
topathy, and gastrointestinal and neurologic symptoms. 
One study showed that renal function of patients with 
Sjögren’s syndrome was worse in those who consumed 
chloroquine, and they had progressive renal failure, al-
though it was dose independent. After cessation of drug 
therapy, renal function recovered, and the myeloid bodies 
seen in the podocytes disappeared2). In iatrogenic phospho-
lipidosis caused by chloroquine and hydroxychloroquine, 
curvilinear bodies (CLB) were also detected in the podo-
cytes and vascular smooth muscle cells. This is a useful 
finding for the differential diagnosis of Fabry disease. The 
pathogenesis of chloroquine-induced iatrogenic phospho-
lipidosis is not clear; however, chloroquine is an ampho-
philic, lysosomotropic substance that is similar to many 
other pharmacologically unrelated drugs (e.g., amitripty-
line, chlorpromazine, and gentamycin). Therefore, lyso-
somal damage is likely to be an important step in chloro-
quine toxicity15). Chloroquine is a weak base that crosses 
the lysosomal membrane and becomes concentrated the-
rein by protonation. The resulting increase in lysosomal 
pH is an important mechanism in the inactivation of lyso-
somal enzymes and impairment of degradative capacity16,17).

The patient in our case had no history of medication use 
prior to renal biopsy. We could not find any other similar 
case in the literature. This is a very rare case that resulted 
from the temporary accumulation of normal or abnormal 
substances in the lysosome due to an unknown cause. 
Moreover, lysosomal inclusion bodies (zebra bodies or 
my elin figures) are not specific to the diagnosis of lysosomal 
storage diseases such as Fabry disease. Therefore, in addi-
tion to a renal biopsy and clinical history evaluation, a leu-
kocyte α-galactosidase A enzyme assay and genetic testing 
for a GLA mutation are essential to confirm the diagnosis 
of Fabry disease because lysosomal inclusion bodies, similar 
to those observed in this patient, can be caused by num-
erous and unknown conditions.
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