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Introduction
The glomerular basement membrane is a specific form of 
basement membrane that is comprised of four components, 
type IV collagen being one of them. The importance of the 
glomerular basement membrane is shown in hereditary 
glomerular diseases linked to structural anomalies of 

its components, for example, type IV collagen in Alport 
syndrome and thin basement membrane disease ( familial 
benign hematuria), and laminin in Pierson syndrome (1). 

A renal biopsy is an important tool for the evaluation 
of kidney disease. Renal pathologists, with the aid of 
light microscopy, immunofluorescence microscopy, 

Introduction: Hereditary nephritis is an umbrella term for a group of congenital childhood 
diseases including but not limited to Alport syndrome, thin basement membrane disease, and 
Fabry disease. 
Objectives: The purpose of this study was a clinicopathologic investigation of Alport 
syndrome, thin basement membrane disease, and Fabry disease with a focus on the role of 
electron microscopy and toluidine blue staining in diagnosis.
Patients and Methods: In this cross-sectional study, we investigated kidney biopsies with a 
final diagnosis of either Alport syndrome, thin basement membrane disease or Fabry disease 
from 2001 to 2016. Electron microscopy and light microscopy were done and the clinical 
and paraclinical data were extracted from the patients’ medical charts. Electron microscopy 
role was assessed in terms of necessary, helpful or non-necessary, while correlations between 
clinical and para-clinical data were determined using appropriate statistical tests.
Results: Among the 2865 kidney biopsies, there were 22 patients of hereditary nephritis 
including 15 (0.52%) Alport syndrome, 5 (0.17%) thin basement membrane disease and 2 
(0.07%) Fabry disease diagnosed by electron microscopy. Electron microscopy was essential 
for the diagnosis of 19 (86.4%) cases, helpful for 3(13.6%) since there was no case for which 
electron microscopy was non-necessary. The patients’ mean age was 16.1 ± 9.0 years. The most 
common finding in Alport syndrome was proteinuria (86.7%) followed by hematuria (60.0%).
Conclusion: Considering the rate of misdiagnosis of hereditary nephritis using light 
microscopy and clinical findings alone, electron microscopy study and toluidine blue 
staining has an essential role in the precise diagnosis in these patients. With regard to the 
progressive nature of these diseases, prompt diagnosis using electron microscopy is pertinent 
for therapeutic decisions.
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and electron microscopy, reach a final diagnosis in 
these patients who tend to have overlapping clinical 
manifestations. The specimen should be divided for 
light microscopy, immunofluorescence, and electron 
microscopy (2). 

Hereditary glomerular diseases are categorized into 
several groups including but not limited to; Alport 
syndrome, thin basement membrane disease, Fabry 
disease, Nail-Patella syndrome, collagen type III 
glomerulopathy and fibronectin glomerulopathy (2,3). 

Alport syndrome is usually an x-linked, inherited type 
IV collagen disorder manifested by progressive renal 
failure and associated problems (like hearing loss and eye 
involvement) affecting approximately 2.5% of children 
and 0.3% of adults with end-stage renal disease which 
has characteristic thinning and thickening of glomerular 
basement membrane with lamina densa splitting 
in electron microscopy. Thin basement membrane 
disease is a usually benign, familial hematuria affecting 
approximately 1% of the population and characterized 
by uniform thinning of glomerular basement membrane 
in electron microscopy. Fabry disease, estimated to range 
from one in 40 000 to one in 117 000 live male births. 
It is a rare hereditary nephritis which is caused by a 
deficiency of alpha-galactosidase A, resulting in multi-
organ involvement and progressive renal failure. Fabry 
disease has characteristic inclusion bodies “zebra bodies” 
in electron microscopy (2-6). 

For several years, a great effort has been devoted to 
the study of the pathogenesis, clinical manifestations, 
and diagnosis of hereditary nephritis in the international 
scene. 

Objectives
In line with the previous studies, and considering the 
clinical and pathologic heterogeneity of these diseases 
and lack of a minimal ultrastructural study of this scale 
of hereditary nephritis in Iran, we aimed to investigate 
the clinicopathologic features of hereditary nephritis in 
this study comprising of Alport syndrome, thin basement 
membrane disease, and Fabry disease in a 16-year 
period (2001-2016) with a focus on the role of electron 
microscopy in the final diagnosis.

Patients and Methods
In this cross-sectional single-center study, we investigated 
2865 kidney biopsies sent to the electron microscopy 
unit (affiliated to the medical school of Shiraz University 
of Medical sciences) from 2001 to 2016. All patients 
diagnosed with Alport syndrome, thin basement 
membrane disease, and Fabry disease were included in 
this study. Samples with insufficient kidney tissue and 
glomeruli were excluded. Finally, 22 patients (0.77% of all 
biopsies) were enrolled in the study.

The fresh renal biopsy tissues were cut into pieces and 

processed for light microscopy and electron microscopy. 
For light microscopy, after fixing in formalin and 
embedding in paraffin, 3-5 μm serial sections were stained 
with hematoxylin and eosin (H&E), periodic Acid-Schiff, 
Jones methenamine silver, and Masson’s trichrome.

A fresh sample was cut into small sections and processed 
routinely for electron microscopy. A set of 1-2 μ sections 
were taken from resin blocks and stained with toluidine 
blue for detecting glomeruli under the light microscopy. 
Then, the 90 nm sections were put on the copper grid 
and double-stained with uranyl acetate and lead citrate. 
The grid was evaluated under a transmission electron 
microscope (Leo 906, Germany). The renal tissues were 
studied using electron microscopy to determine the 
ultrastructural changes of the glomeruli.

Routine immunofluorescence studies (IgG, IgA, IgM, 
C3 and C1q) were conducted on the biopsies. Clinical 
and para-clinical data including blood pressure, blood 
urea nitrogen (BUN), serum creatinine, hematuria, 
proteinuria, hearing loss, eye involvement, hypertension, 
edema, concurrent medical diseases, family history, and 
other parameters were extracted from hospital files and 
pathology request sheets.

The final diagnosis (in correlation with clinical 
presentation) of Alport syndrome was made via electron 
microscopy appearance of alternative thickening, 
thinning, splitting, and lamination (basket-weave pattern) 
of the lamina densa of glomerular basement membrane, 
while the distinction with thin basement membrane 
disease was made with the criteria of uniform thinning 
of the glomerular basement membrane (<200 nm) (7,8). 
Fabry disease was confirmed with the diagnostic criteria 
of lamellar round inclusion bodies with onion skin 
appearance in the cytoplasm of the visceral epithelial 
cells and mesangial cells of the glomerulus and as well as 
characteristic inclusion bodies “Zebra bodies”. 

The value of electron microscopy was assessed and 
separated into three groups as follows;
1. Necessary; if the final diagnosis of light microscopy 

was inconsistent with electron microscopy diagnosis.
2. Supportive; If the electron microscopy study did not 

alter the primary diagnosis, but provided valuable 
information confirming the primary diagnosis and 
ruling out other diagnoses.

3. Non-helpful; if the electron microscopy diagnosis was 
absolutely the same with light microscopy diagnosis; 
therefore, electron microscopy was not necessary to 
confirm the diagnosis.

Ethical considerations
The research followed the tenets of the Declaration of 
Helsinki. The written informed consent was obtained 
before doing renal biopsies. The study was approved by 
the Ethics Committee of Shiraz University of Medical 
Sciences (IR.sums.med.rec.1398.126). Besides, this study 
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was extracted from the M.D, thesis of at this University.

Statistical analysis
Descriptive statistics for qualitative characteristics were 
reported as number (%) and for quantitative characteristics 
as mean ± SD. Also, statistical analyses were performed 
using independent t test, chi-square, and Fisher’s exact test, 
as appropriate. All the statistical analysis was performed 
in SPSS 19.0 and P < 0.05 was considered as statistically 
significant.

Results 
Among all 2865 kidney biopsies sent to our electron 
microscopy unit, the information of 22 (0.77%) patients 
of hereditary nephritis including 15 (0.52%) Alport 
syndrome, 5 (0.17%) thin basement membrane disease, 
and 2 (0.07%) Fabry disease which were diagnosed 
by electron microscopy were analyzed in the current 
study. No cases of Nail-Patella syndrome, collagen type 
III glomerulopathy, and fibronectin glomerulopathy 
were identified. The mean age of patients was 16.1± 9.0 
years and most of them were children (68.2%). 14 out 
of 22 cases were male (63.6%). Proteinuria (81.8%) and 
hematuria (59.1%) were common in them and they had 
not any malignancy. Tubular atrophy and interstitial 
fibrosis in electron microscopy were reported for 5 (22.7) 
and 3 (13.6%) of patients, respectively. Besides, the mean 
number of observed glomerulus was 10.8 ± 6.1 and 7.0±4.5 
in electron and light microscopy, respectively (Table 1).

Thin basement membrane disease did not have any 
major clinical characteristics aside from hematuria and 
proteinuria, but a portion of Alport syndrome patients 
had prominent morbidities with 4 of them (26.7%) having 
developed end-stage renal disease who were on dialysis. 
One of the Fabry disease cases had epilepsy and eye 
involvement.

The role of electron microscopy was essential for the 

diagnosis of 19 (86.4) cases and also helpful for the other 
3(13.6) cases and there was no case for which electron 
microscopy was non-necessary. 

Mesangioproliferative glomerulonephritis and 
membranous glomerulonephritis both with 4 out of 14 
concurrent diagnoses or misdiagnosis cases among Alport 
syndrome patients were the most prevalent misdiagnosed 
disease via light microscopy followed by glomerulosclerosis 
with 2 (14.3%) cases.

Association between the characteristics under the study 
with age and gender for 15 Alport cases are reported in 
Table 2. Although no significant association was detected, 
this may be due to the small number of sample size. 
For example, the mean number of the glomerulus in 
immunofluorescence microscopy was 7.6 ± 4.8 for children 
and 3.4 ± 1.5 among adults (P = 0.09). Children also had 
a lower level of mean blood pressure than adults (96.5 
versus 107, P = 0.19). On the other hand, the proportion of 
hematuria among males was higher than females (77.8% 
versus 33.3%, P = 0.14) and the level of BUN in females 
was higher than males (50.2 versus 16.2, P=0.19). The 
proportion of eye involvement was higher in adults than 
children (60.0% versus 20.0%) and in males than females 
(44.4% versus 16.7%). Hearing loss was higher in children 
versus adults (5 versus 3) and it was higher in adult males 
versus females (5 versus 3).

Eye involvement was detected in 6 (27.3%) patients, and 
8 (36.4%) patients had hearing loss. As shown in Table 
3, there was no association between eye involvement or 
hearing loss status with clinical characteristics such as 
edema, hematuria, an increase in BUN and creatinine, 
flank pain and proteinuria. However, the proportion of 
patients with hypertension was significantly higher among 
patients with hearing loss problem than others (62.5% 
versus 7.1%, P = 0.01). The relationship between hearing 
loss and hematuria was in the borderline (P = 0.07).

The diagnostic findings of electron microscopy in 

Table 1. Demographic, clinical, laboratory and microscopic characteristics of different types of hereditary nephritis

Variables Alport syndrome Thin basement membrane disease Fabry disease Total

Edema 7 (46.7) 0 (0) 2 (100) 9 (40.9)
Hematuria 9 (60.0) 3 (60.0) 1 (50) 13 (59.1)

Proteinuria 13 (86.7) 3 (60.0) 2 (100) 18 (81.8)

Hypertension 6 (40.0) 0 (0) 0 (0) 6 (27.3)

Eye involvement 5 (33.3) 0 (0) 1 (50.0) 6 (27.3)

Hearing loss 8 (53.3) 0 (0) 0 (0) 8 (36.4)

BUN increased 3 (20.0) 1 (20.0) 0 (0) 4 (18.2)

Creatinine increased 4 (26.7) 1 (20.0) 0 (0) 5 (22.7)

Systole 131.7±23.2 103.3± 15.3 120.0±14.1 125.3±23.1

Diastole 84.2±13.1 63.3±5.8 75.0±7.1 79.4±13.9

Family history of renal disease 4 (26.7) 2 (40.0) 0 (0) 6 (27.3)

No. of glomerulus in light microscopy 9.6±6.6 15.2±4.1 8.5±3.5 10.8±6.1

No. of the glomerulus in electron microscopy 6.6±4.5 7.6±4.2 7.5±7.8 7.0±4.6
No. of the glomerulus in Immunofluorescence 6.6±3.8 6.7±6.1 2.0±0.0 5.8±4.2

BUN, blood urea nitrogen.
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Alport syndrome were alternative areas of thinning 
and thickening of the glomerular basement membrane 
with lamellar configuration and splitting changes of 
the matrix, and semi-thin toluidine blue resin sections 
demonstrating the same changes that were present in 
the electron microscopy study (Figure 1). All of the thin 
basement membrane disease cases had uniform thinning 
of glomerular basement membrane with thickness of 
about 180- 200 nm, which was somewhat evident in 
toluidine blue sections, showing slight thinning of the 
glomerular basement membrane (Figure 2). The normal 
glomerular basement membrane thickness is 310-380 nm. 

Fabry disease had a characteristic appearance of multiple 
concentric round lamellae in the mesangial area as well 
as in the epithelial cells and “zebra bodies”. While routine 
light microscopy studies were normal or non-specific, 
at best, toluidine blue studies on semi-thin resin blocks, 
obtained using ultramicrotome, shows numerous round 
inclusion bodies with onion skin appearance with different 
sizes in the cytoplasm of parietal, visceral epithelial cells, 
and mesangial cells (Figure 3). 

In some of the cases, interstitial fibrosis and tubular 
atrophy were observed which was of no diagnostic yield. 
Some of the light microscopy reports of Alport syndrome 

Table 2. The association between clinical, laboratory and microscopic characteristics with age and sex among patients with Alport syndrome

Alport syndrome

Variables
Age Sex

Children
(n=10)

 Adult
(n=5)

Total 
(n=15) P value Male 

(n=9)
Female
(n=6)

Total 
(n=15) P value

Edema 5 (50.0) 2 (40.0) 7 (46.7) 0.99 3 (33.3) 4 (66.7) 7 (46.7) 0.32

Hematuria 5 (50.0) 4 (80.0) 9 (60.0) 0.58 7 (77.8) 2 (33.3) 9 (60.0) 0.14

Proteinuria 8 (80.0) 5 (100) 13 (86.7) 0.52 7 (77.8) 6 (100) 13 (86.7) 0.49

Flank pain 0 (0) 0 (0) 0 (0) --- 0 (0) 0 (0) 0 (0) -

HTN 4 (40.0) 2 (40.0) 6 (40.0) 0.99 3 (33.3) 3 (50.0) 6 (40.0) 0.62

Eye involvement 2 (20.0) 3 (60.0) 5 (33.3) 0.25 4 (44.4) 1 (16.7) 5 (33.3) 0.58

Hearing loss 5 (50.0) 3 (60.0) 8 (53.3) 0.99 5 (55.6) 3 (50.0) 8 (53.3) 0.99

Tubular atrophy in EM

No 8 (80.0) 4 (80.0) 12 (80.0)
0.99

8 (88.9) 4 (66.7) 12 (80.0)
0.53

Mild 2 (20.0) 1 (20.0) 3 (20.0) 1 (11.1) 2 (33.3) 3 (20.0)

Interstitial fibrosis in EM

No 9 (90.0) 4 (80.0) 13 (86.7)
0.99

8 (88.9) 5 (83.3) 13 (86.7)
0.99

Mild 1 (10.0) 1 (20.0) 2 (13.3) 1 (11.1) 1 (16.7) 2 (13.3)

BUN 17.8 ± 5.6 39.6 ± 43.5 31.6 ± 35.6 0.24 16.2 ± 5.3 50.2 ± 48.3 31.6 ± 35.6 0.19

Cr 1.35 ± 0.19 1.94 ± 2.67 1.58 ± 1.82 0.68 1.1 ± 0.42 2.5 ± 3.1 1.58 ± 1.82 0.37

Mean BP 96.5 ± 16.1 107.0 ±  5.8 100 ± 14.2 0.19 100.4 ± 8.0 99.4 ±  21.5 100 ± 14.2 0.91

No. of glomerulus in LM 6.6 ± 4.7 7.6 ± 4.2 7.0 ± 4.5 0.66 7.5 ± 4.3 6.1 ± 4.9 7.0 ± 4.5 0.52

No. of glomerulus in EM 10.7 ± 6.9 11.0 ± 5.0 10.8 ± 6.1 0.93 10.3 ± 5.7 11.6 ± 7.1 10.8 ± 6.1 0.68

No. of glomerulus in IF 7.6 ± 4.8 3.4 ± 1.5 5.8 ± 4.2 0.09 5.3 ± 3.2 6.3 ± 5.3 5.8 ± 4.2 0.70

HTN: hypertension, EM: electron microscopy, LM: light microscopy, IF: immunofluorescence, BUN: blood urea nitrogen, Cr: creatinine, BP: blood 
pressure.

Table 3. The association of clinicopathologic findings with Eye involvement and Hearing loss in three hereditary nephritis

Variables Eye involvement Hearing loss
No (n=16) Yes (n=6) P value No (n=14) Yes (n=8) P value

Edema 5 (31.1) 4 (66.7) 0.18 4 (28.6) 5 (62.5) 0.19
Hematuria 8 (50.0) 5 (83.3) 0.33 6 (42.9) 7 (87.5) 0.07

Proteinuria 12 (75.0) 6 (100) 0.54 10 (71.4) 8 (100) 0.25

Flank pain 0 (0) 1 (16.7) 0.27 1 (7.1) 0 (0) 0.99

HTN 4 (25.0) 2 (33.3) 0.99 1 (7.1) 5 (62.5) 0.01

BUN 3 (18.8) 1 (16.7) 0.99 2 (14.3) 2 (25.0) 0.60

Cr 3 (18.8) 2 (33.3) 0.59 2 (14.3) 3 (37.5) 0.31

Tubular atrophy EM 4 (25.0) 1 (16.7) 0.99 4 (28.6) 1 (12.5) 0.61
Interstitial Fibrosis EM 2 (12.5) 1 (16.7) 0.99 2 (14.3) 1 (12.5) 0.99

HTN: hypertension, EM: electron microscopy, LM: light microscopy, BUN: blood urea nitrogen, Cr: creatinine.
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patients showed interstitial foam cells which could be 
correlated with Alport syndrome.

Electron microscopy micrographs and semi-thin plastic 
sections stained with toluidine blue of all three hereditary 
nephritis are illustrated in Figures 1 to 3.

Discussion
We found that the patients’ mean age was 16.1 ± 9.0 
years and most of them were children. Fourteen out of 
22 cases were male (63.6%). Proteinuria (81.8%) and 
hematuria (59.1%) were the most common findings. 
Electron microscopy study was essential for reaching 
a final diagnosis in 86.4% of the patients and helpful in 
the remainder 13.6% of the patients, while there was no 
case for which electron microscopy was not necessary to 

reach the final diagnosis. Eye involvement was detected 
in 6 (27.3%) patients, and 8 (36.4%) patients had hearing 
loss. There was no association between eye involvement 
or hearing loss status with clinical characteristics; while, 
the proportion of patients with hypertension was higher 
among patients with hearing loss problem. To the best of 
our knowledge, this is the first large-scale study on the role 
of electron microscopy and toluidine blue staining on resin 
blocks, in addition to a comprehensive clinicopathologic 
study of hereditary nephritis in Iran to date.

These findings are in the same line with other studies 
that determined electron microscopy role as necessary for 
the diagnosis of hereditary nephritis (7,9-19). In all of these 
studies, routine electron microscopy is recommended to 
be done for all biopsies and if not possible at least different 

Figure 1. Electron Microscopic micrographs of normal glomerulus (A) 
show uniform normal lamina densa of the basement membrane. In Alport 
Syndrome (B, C, and D), there are irregular thickening, basket-weave 
lamellation, and splitting of lamina densa of the basement membrane of 
the capillary wall (Asterisk). Light microscopic photograph of the semi-thin 
sections from resin blocks with a 1-micron thickness of normal kidney (E) 
show a uniform thickness of basement membrane. In Alport Syndrome, 
irregular thickening and widening of lamina densa appear as pale blue 
materials instead of the basement membrane of the capillary wall is seen 
(black arrow) (F, G, and H). (Uranyl acetate and lead citrate; A ×2789, B 
×2789, C ×2156, and D ×2784. Toluidine blue; E, F, G, and H ×1000.) 
CL: capillary lumen, EN: endothelial cell, RBC: red blood cell, BC: 
Bowman’s capsule.

Figure 2. Electron Microscopy micrograph of glomerulus capillary wall 
in the normal kidney (A) shows the normal thickness of the basement 
membrane (about 350 nm). In thin basement membrane disease 
(B, C, and D), there are uniform thinning of the basement membrane 
of the capillary wall (about 190 nm) (white arrow). The foot processes 
of podocytes are normal. Light microscopic photograph of semi-thin 
sections from resin blocks with a 1-micron thickness of glomerulus in 
normal kidney showing the normal thickness of basement membrane of 
the capillary wall (E). In thin basement membrane disease (F, G, and H), 
slight thinning of the basement membrane of the capillary wall is shown 
(black arrow). (Uranyl acetate and lead citrate; A, B, C, and D ×3597. 
Toluidine blue; E, F, G, and H ×1000.)
CL: capillary lumen, EN: endothelial cell, RBC: red blood cell, BC: 
Bowman’s capsule
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specimens for electron microscopy should be set aside to 
be used at a later time at the discretion of the pathologist. 
Although our study did not totally comply with the 100% 
necessary rates of electron microscopy in previous studies, 
it was almost similar because electron microscopy still 
played a major role in confirming the final diagnosis in the 
remainder of cases. The study by Kashgarian et al argues 
that even in the presence of specific anti-collagen type IV 
immunohistochemistry study, electron microscopy is still 
crucial for reaching a final diagnosis(10). Additionally, 
Zuppan et al studied 80 renal biopsies of children for 
which electron microscopy was essential to diagnosis in 
63% of all cases and helpful in 23% and it was essential for 

100% of all the hereditary nephritis cases(16).
In our study, five out of 22 patients had a final diagnosis 

of thin basement membrane disease; two had a positive 
family history of hematuria, while one had developed renal 
failure and three had both hematuria and proteinuria. 
Three of the thin basement membrane disease cases were 
initially misdiagnosed as Alport syndrome. Of our five 
cases of thin basement membrane disease, three showed 
proteinuria and hematuria compared with a study in 
which 27 cases of thin basement membrane disease all had 
hematuria and 21 patients (77,8%) had proteinuria (20). A 
study by Mandache et al included 427 adult patients’ kidney 
biopsy (36 being thin basement membrane disease and 
10 Alport syndrome) and demonstrated the coexistence 
of glomerular diseases and thin basement membrane 
disease (the type with a mutation in type IV collagen 
genes, namely col4a3 and col4a3). They concluded that if 
more specimens are studied by electron microscopy, more 
thinning of the basement membrane will be detected. 
Postulating that, if the thinning of glomerular basement 
membrane is universally and uniformly present, then a 
thin basement membrane disease will develop. On the 
other hand, if the modification is sparse and it only shows 
partial areas of thinning, then it is just a predisposing 
condition for subsequent glomerulonephritis (21,22). 

The total number of hereditary nephritis cases among all 
patients was relatively low (22 out of 2865 corresponding 
to 0.07%) compared to some large-scale studies, but it is 
still a large size experiment with regard to local capabilities 
and past publications. Polito et al reported a hereditary 
prevalence of 0.7%, out of 9062 biopsies. Zuppan et 
al had a total of 80 renal biopsies of children, 4 (5%) of 
whom were thin basement membrane disease. Bakr et al 
(Egypt) found in a retrospective study of 1246 native renal 
biopsies that 8 (0.64%) of them were Alport syndrome. 
These findings show a heterogeneous compilation of data 
that is unreliable (16,23,24), probably due to selection 
bias or maybe we are underdiagnosing these conditions; 
also, perhaps we would need a more rigorous approach to 
diagnose these rare conditions.

The clinical manifestations of our Alport syndrome 
patients were mainly consistent with previous studies. 
As expected, males (9) were more than females (6) and 
hematuria, hearing loss, and eye involvement were higher 
in males, whereas edema, hypertension, and proteinuria 
were unexpectedly higher in females. According to a 
study on 148 autosomal recessives (patterns similar 
to X-linked) Alport syndrome patients, 62% had end-
stage renal disease, 64% had hearing loss, and 17% had 
eye involvement. The medium onset of hematuria was 
2.5 years, end-stage renal disease 21 while hearing loss 
was 13 years of age. Of the 49 patients who had electron 
microscopy, 86% had typical glomerular basement 
membrane changes, while 10% only showed glomerular 
basement membrane thinning confirming the previous 

Figure 3. Electron Microscopy micrographs of the glomerulus in the normal 
kidney (A) illustrate normal cytoplasm of the podocyte and mesangial 
cells. In Fabry Disease (B, C, and D), there is a massive accumulation 
of laminated round inclusion bodies with onion skin appearance in the 
cytoplasm of the visceral epithelial cells and mesangial cells of the 
glomerulus (white arrow). Few inclusion bodies are ovoid with parallel 
layers (Zebra Bodies) (asterisk). Light Microscopic photograph of semi-
thin sections from resin blocks with a 1-micron thickness of glomerulus 
in the normal kidney (E) without any inclusion bodies. In Fabry Disease 
(F, G, and H), numerous round bluish inclusion bodies with onion skin 
appearance with different size (2-7 micron in diameter) are seen in the 
cytoplasm of parietal, visceral epithelial cells, and mesangial cells (black 
arrow). (Uranyl acetate and lead citrate; A ×3597, B ×1670, C ×1293, D 
×3597. Toluidine blue; E, F, and G ×1000, H ×400.)
CL: capillary lumen, EN: endothelial cell, RBC: red blood cell, BC: 
Bowman’s capsule, ME: mesangial cell, EP: epithelial cell.
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argument of misdiagnosis of thin basement membrane 
disease as Alport syndrome (25). Additionally, in a 
cohort study, White et al showed that higher proteinuria 
correlated significantly with glomerulosclerosis and the 
presence of foam cells. Males have higher morbidity, and 
also repeated biopsies showed an increase in glomerular 
basement membrane thickening (26). In a retrospective 
study on 113 renal biopsies, there were two thin basement 
membrane disease patients and one Alport syndrome and 
also one was a Fabry disease patient. Altogether they were 
diagnosed by electron microscopy (17). Due to the low 
sample size of our population, statistical tests were mostly 
insignificant and usually did not show any correlation.

Regarding our two cases of Fabry disease, one had a 
recent infection, one was on corticosteroids, both had 
edema and proteinuria, one hematuria, one headache, 
one photosensitivity, one flank pain, one eye involvement, 
and one had epilepsy. Renal biopsies had characteristic 
electron-dense inclusion bodies in the electron 
microscopy. These findings are in favor of multi-organ 
involvement consistent with previous studies (27,28). For 
example, in a case report, one patient who was taking 
hydroxychloroquine for 14 months presented with sub-
nephrotic proteinuria, showed characteristic Fabry 
disease deposits in ultrastructural investigation but the 
deposits had cleared in a subsequent biopsy three years 
after withdrawal of the drug, suspecting drug-induced 
renal phospholipidosis. The second case, also presented 
with sub-nephrotic proteinuria and skin and eye 
manifestations additionally, which was diagnosed with 
the help of electron microcopy showing the characteristic 
“zebra body” deposits. This paper showed, the importance 
of ultrastructural study in the diagnosis, since clinical 
investigation should be included in the diagnostic toolkit 
accordingly not to miss conditions like drug-induced 
renal phospholipidosis, which might shadow the correct 
diagnosis with similar presentation (19). In an ongoing 
cohort study of Fabry disease patients, 6 of whom had 
done kidney biopsy, all had characteristic inclusion 
bodies and accumulations in all of the renal cortical ultra-
structures, even before the onset of clinical manifestations. 
Besides, 19% of the 33 Fabry disease patients had hearing 
loss, while none had eye involvement in contrast with our 
study which reports one eye involvement and no hearing 
loss. Flank pain was a very frequent finding in this study 
(65%), which is consistent with our findings(50%) (28).

Conclusion
While thin basement membrane disease patients do not 
usually develop renal failure, prompt diagnosis of Alport 
syndrome and Fabry disease patients, using electron 
microscopy, is pertinent to therapeutic decisions, and 
developing a more comprehensive toolkit for detecting 
hereditary nephritis is advisable due to a small chance 
of misdiagnosis even with electron microscopy. We 

recommend the routine use of toluidine blue study on 
resin blocks in addition to electron microscopy study for 
every pathologic workup of kidney biopsies, especially in 
children.

Limitations of the study
The key limitation of this study, despite the 16 years of 
data collection, was its low sample size and sometimes 
incomplete medical charts which resulted in a lower 
power for statistical analysis and drawing conclusions. 
This is mainly due to the rare nature of these diseases and 
this was already a satisfactory result compared to similar 
studies with lower numbers. Finally, special collagen type 
IV immunofluorescence study and the genetic study was 
not conducted in our research. Therefore, more multi-
centric studies on larger populations for future research 
in this area are recommended to validate the repeatability 
of our results.
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