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Introduction: Variants in the galactosidase alpha (GLA) gene cause Fabry disease (FD), an X-linked lysosomal 
storage disorder caused by α-galactosidase A (α-GAL) deficiency. Recently, disease-modifying therapies have 
been developed, and simple diagnostic biomarkers for FD are required to initiate these therapies in the early 
stages of the disease. Detection of urinary mulberry bodies and cells (MBs/MCs) is beneficial for diagnosing FD. 
However, few studies have evaluated the diagnostic accuracy of urinary MBs/MCs in FD. Herein, we retro-
spectively evaluated the diagnostic ability of urinary MBs/MCs for FD. 
Methods: We analyzed the medical records of 189 consecutive patients (125 males and 64 females) who un-
derwent MBs/MCs testing. Out of these, two female patients had already been diagnosed with FD at the time of 
testing, and the remaining 187 patients were suspected of having FD and underwent both GLA gene sequencing 
and/or α-GalA enzymatic testing. 
Results: Genetic testing did not confirm the diagnosis in 50 females (26.5%); hence, they were excluded from the 
evaluation. Two patients were previously diagnosed with FD, and sixteen were newly diagnosed. Among these 18 
patients, 15, including two who had already developed HCM at diagnosis, remained undiagnosed until targeted 
genetic screening of at-risk family members of patients with FD was performed. The accuracy of urinary MBs/ 
MCs testing exhibited a sensitivity of 0.944, specificity of 1, positive predictive value of 1, and negative pre-
dictive value of 0.992. 
Conclusions: MBs/MCs testing is highly accurate in diagnosing FD and should be considered during the initial 
evaluation prior to genetic testing, particularly in female patients.   

1. Introduction 

Fabry disease (FD; MIM301500) is an X-linked lysosomal storage 
disorder resulting from a deficiency of the lysosomal enzyme α-galac-
tosidase A (α-Gal A; EC3.2.1.22). α-Gal A deficiency causes sphingolipid 
deposition in various cells [1]. Different GLA variants are associated 

with different levels of α-Gal A activity, resulting in a heterogeneous 
clinical presentation of FD. Affected males with low or undetectable 
α-Gal A activity exhibit the classic childhood-onset phenotype. With 
advancing age, renal failure, cardiac disease, and stroke contribute to a 
decline in daily activities and premature death. In contrast, patients with 
residual α-Gal A activity have late-onset and milder phenotypes of FD, 
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which are typically restricted to the main affected organs [2,3]. Despite 
being linked to the X chromosome, heterozygous females with patho-
genic GLA variants can develop a more variable phenotype [1]. 

Recently, disease-modifying therapies such as enzyme replacement 
therapy [4,5] and pharmacological chaperone therapy [6] have been 
approved worldwide. These treatments are preferably initiated in the 
early stages of FD before cardiac, renal, and other organ damages occur. 
Diagnosis in male FD patients can be confirmed by decreased α-GalA 
activity in plasma, leukocytes, and dried blood spots. In contrast, some 
heterozygous female patients have normal or slightly reduced α-GalA 
activity due to random X-chromosomal inactivation, so GLA sequencing 
is required to confirm the diagnosis [1]. Moreover, the symptoms of 
patients with early-stage FD lack disease-specific features [7]. Thus, 
simple diagnostic biomarkers specific to FD are required for better 
diagnosis of clinically relevant FD [8]. 

Mulberry bodies (MBs) are the characteristic fatty components of 
urinary sediments that appear as whorled laminated bodies, while 
mulberry cells (MCs) are distal tubular epithelial cells loaded with MBs 
[9]. Although the detection of urinary MBs or MCs can aid in the early 
diagnosis of FD [10,11], few studies have evaluated the accuracy of this 
diagnostic method [12,13]. Moreover, whether MBs/MCs can be 
detected in the urine of patients at different stages of FD, heterozygous 
females, and asymptomatic GLA variant carriers remains unknown. 

This study retrospectively analyzed the outcomes of MBs/MCs 
testing and definitive diagnosis in patients with suspected FD to deter-
mine the clinical utility of urinary MBs/MCs as a diagnostic biomarker 
for FD. 

2. Materials and methods 

2.1. Patients 

We enrolled 189 consecutive patients (125 males, 64 females) who 
underwent MBs/MCs testing between January 2018 and December 2022 
at the Departments of Neurology, Cardiology, and Center for Medical 
Genetics of Shinshu University Hospital. Two female patients had 
already been diagnosed with FD at the time of MBs/MCs testing, and the 
remaining 187 patients (125 males, 62 females) were suspected of 
having FD and underwent GLA gene sequencing and/or α-GalA enzy-
matic testing following the MBs/MCs testing. Clinical information was 
retrospectively extracted from the medical records. The diagnosis of FD 
was confirmed based on the results of genetic testing in female patients, 
whereas only α-Gal A activity was evaluated for diagnosis in males. 

2.2. α-Gal A activity and GLA gene sequencing 

α-Gal A activity was evaluated in leukocytes or dried blood spots on 
filter paper at three specialized clinical laboratories. Total genomic DNA 
was extracted from patient leukocytes for DNA analysis. In the index 
patients, all seven exons and flanking intron sequences of the GLA were 
analyzed by direct sequencing or targeted exome sequencing according 
to standard protocols. Among the family members of patients previously 
diagnosed with FD, only the variant carried by the index patient was 
tested using direct sequencing. 

2.3. Evaluation of MBs/MCs in the urine 

Urinary sediments were analyzed according to the standard guide-
lines for examining urinary sediments by the Japanese Committee for 
Clinical Laboratory Standards [14]. Nine clinical laboratory technicians 
evaluated the urinary sediment samples in a rotating shift. When 
assessing urinary MBs/MCs, the technicians were blinded to the pa-
tient’s detailed clinical information. Fig. 1 summarizes the methods used 
for MBs/MCs testing. Briefly, 10 mL of the patient’s urine was centri-
fuged at 500 ×g for 5 min, and the sediment volume was reduced to 0.2 
mL using an aspirator (Fig. 1A, B). The urinary sediment was thoroughly 
mixed, and 15 μL of the sample was placed on a glass slide (Fig. 1C), 
mounted using a cover glass, and examined under an optical microscope 
(Fig. 2). The results of the MBs/MCs tests were evaluated qualitatively. 

2.4. Targeted genetic approach 

A targeted genetic approach program was conducted at the Center 
for Medical Genetics and the Department of Neurology of Shinshu 
University Hospital. In short, a certified genetic counselor contacted the 
patient whenever a new index patient was referred to our group, and a 
familial pedigree was constructed. We identified family members at 
genetic risk for FD at a pre-genetic counseling meeting. During genetic 
counseling, we provided clients with medical and genetic information 
and encouraged them to inform at-risk family members to visit our 
hospital for genetic counseling. Genetic counseling for asymptomatic 
family members was provided step-by-step in the patient’s pedigree, 
first from older at-risk family members and then down. 

2.5. Protocol approvals 

This study was approved by the Ethics Committee of Shinshu 

Fig. 1. Standard protocol for urinary Mulberry bodies/Mulberry cells testing. (A) Ten milliliters of the patient’s urine was centrifuged at 500 ×g for 5 min, and the 
sediment volume was reduced to 0.2 mL using an aspirator. (B) The urine sediment was thoroughly mixed. (C) Fifteen microliters of the sediment were loaded onto a 
glass slide. A cover glass was placed over the sample, and the specimens were examined under an optical microscope. 
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University School of Medicine and the Ethics Committees of all 
participating clinical neurology centers. Written informed consent was 
obtained from all patients who underwent genetic evaluation. 

3. Results 

3.1. Results of the MBs/MCs testing and clinical diagnosis 

Fig. 3 summarizes the demographic characteristics of the enrolled 
patients. Of the 189 patients, two (1.1%) had previously been diagnosed 
with FD, whereas 187 (98.9) had clinically suspected FD. In addition, 16 
(9.5%) of the 187 patients had a confirmed diagnosis of FD, whereas 121 
(64.0%) did not. Furthermore, 50 females (26.5%) were considered 
clinically negative for FD; however, this was not confirmed by genetic 
testing. Therefore, we excluded them from further evaluation. The MBs/ 
MCs testing results were positive in 17 of the 18 patients with FD and 
negative in all 121 patients without FD. The MBs/MCs testing sensi-
tivity, specificity, positive predictive value, and negative predictive 
value were 0.944, 1, 1, and 0.992, respectively (Table 1). For specificity, 
we confirmed that MBs/MCs were negative in two patients with other 
lysosomal diseases, including Gaucher disease and 

mucopolysaccharidosis type II. 

3.2. Clinical data of patients with FD 

The clinical, biochemical, and molecular characteristics of patients 
with FD are summarized in Table 2. Altogether, 18 patients (6 males and 
12 females) from five families were diagnosed with FD. Among them, 
five patients developed hypertrophic cardiomyopathy (HCM), and one 
patient developed sudden hearing loss. Five patients experienced limb 
pain. Furthermore, among the 18 patients, 15, including two who 
already developed HCM at diagnosis, remained undiagnosed until tar-
geted genetic screening of at-risk family members of patients with FD 
was performed. All patients showed preserved eGFR, and three patients 
exhibited albuminuria. Except for one patient (Patient 6), all patients 
were positive for MBs and/or MCs, including asymptomatic male and 
female variant carriers. Patient 6 was interviewed and suspected of 
being unable to collect sufficient urine for MBs/MCs testing. 

4. Discussion 

To date, only two studies have reported the accuracy of MBs/MCs 
testing in diagnosing FD. Selvarajah et al. reported that the sensitivity 
and specificity of these tests were 97.1% and 100%, respectively, in 35 
patients with FD and 21 controls with other renal diseases [12]. In 
contrast, Yonishi et al. reported a relatively lower positivity ratio and 
showed that 32 of the 51 (62.7%) patients with FD were positive for 
MBs/MCs [13]. Here, we evaluated the accuracy of MBs/MCs testing in 
FD patients and found that these tests have high sensitivity and speci-
ficity. Interestingly, urinary MBs/MCs were detected in most patients 
with FD, including an asymptomatic 6-year-old boy and an 80-year-old 
male with normal renal function at the time of testing. Moreover, all 
asymptomatic female carriers tested positive for MBs/MCs. These find-
ings suggest that MBs/MCs testing should not only be considered an 
initial screening option before genetic testing, particularly in female 
patients, but could also be useful in areas where diagnostic facilities and 
resources are limited. 

In patients with FD, accurate diagnosis and subsequent initiation of 
disease-modifying therapies at an early stage are critical for preserving 
organ function and improving prognosis. However, epidemiological 
studies suggest that most patients are diagnosed ten or more years after 
the onset of FD symptoms [7]. It is also estimated that a significant 
number of patients remain undiagnosed [15]. To improve FD diagnosis, 

Fig. 2. Findings of urinary sediments. (A, B) Mulberry bodies (MBs) (A) and 
mulberry cells (MBc) (B) were observed. (C-E) Urine sediments which resemble 
MBs/MCs, (C) oval fat bodies, (D) fungus, (E) and calcium oxalate crystals. 

Patients having 

MBs/MCs testing

189 (125/64) 

FD patients

18 (6/12)

Non-FD patients 

121 (119/2)

Female patients not-

having genetic testing

50*

Positive 17

Negative 1
Negative 121 Negative 50

Clinical diagnosis

Mulberry bodies/cells testing

Excluded from the evaluation

Fig. 3. Flowchart depicting the study design.  
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newborn screening (NBS) programs have become widespread in some 
countries [16,17]. These screenings have significant potential to identify 
more FD patients than estimated in cross-sectional studies. However, 
since these NBS programs are based on the measurement of α-Gal A 
activity, FD might be underdiagnosed in heterozygous women. MBs/ 
MCs testing is simple and cost-effective; hence, it can be used as the first- 
step screening of FD, particularly in the female population. Knowledge 
about MBs/MCs testing should be promoted to increase the number of 
skilled clinical laboratory technicians. In the future, the development of 
new technologies, including automated urinary sediment testing with 
artificial intelligence-based decision support system, may improve FD 
diagnosis [18]. 

Although this was a single-center study, it included 16 patients with 
newly diagnosed FD. Among them, 13 (81.3%) were at-risk family 
members of the patients previously diagnosed with FD. The patients 
visited our hospital for targeted genetic testing. Genetic testing of at-risk 
family members may improve the early diagnosis of FD; however, po-
tential barriers have been identified, including screening and treatment 
costs, local regulations, and cultural issues [19]. Similar to our targeted 
genetic approach, several studies have reported the benefits of clinical 
genetic approaches using genetic counseling and family screening 

[20,21]. These programs included predictive genetic testing, which 
could have adverse psychological effects on clients [22,23]. For psy-
chosocial support of at-risk family members, teams experienced in pre-
dictive testing should optimize the targeted genetic approach for these 
individuals [24]. 

Our study included only a limited number of females for whom FD 
could be excluded based on genetic testing. All 50 female patients with 
no clinical suspicion of FD were negative for MBs/MCs, although FD 
could have been underdiagnosed in these cases. Therefore, our results 
might have overestimated the sensitivity of heterozygous females. This 
study qualitatively assessed urinary MBs/MCs; however, a recent semi- 
quantitative measurement study showed that the excretion of urinary 
MBs resulted from podocyte injury, and ERT significantly reduced uri-
nary MBs excretion. Further studies are needed to clarify the potential of 
MBs/MCs testing as a surrogate marker for FD. 

5. Conclusion 

MBs/MCs testing is highly reliable in diagnosing patients with clin-
ically suspected FD, having sensitivity, specificity, positive predictive 
value, and negative predictive value of 0.944, 1, 1, and 0.992, 

Table 1 
Diagnostic accuracy of mulberry bodies/cells testing used for the diagnosis of Fabry diseases.  

Results of MBs/Mcs testing FD patients (n = 18) Non-FD patients Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

(n = 121) 

Positive 17 0 
94.40% 100% 100% 99.20% 

Negative 1 121 

FD: Fabry disease; PPV: positive predictive value; NPV: negative predictive value. 

Table 2 
Clinical features of patients with GLA gene mutation.  

Patient Age Sex Disease duration* 
(years) 

αGalA 
activity (%) 

GLA variant Results of MBs/ 
MCs testing 

CKD 
stages 

proteinuria 
(mg/dl) 

albuminuria 
(mg/l) 

Other clinical 
manifestations 

1 69 F 25 normal c.1235 
_1236del 

positive G3a 100 >150 HCM 

2 41 F 0 80% 
c.2 T > C 

positive G2 15 80 HCM (p.M1T) 

3 9 M 0 8% 
c.2 T > C, (p. 
M1T) 

positive G1 nd 10 pain 

4 80 M 6 10.60% c.547 + 4A > G positive G3b nd 10 HCM 
5 50 F 0 normal c.547 + 4A > G positive G2 nd 30 – 
6 21 M 0 12.10% c.547 + 4A > G negative G1 nd 10 – 

7 80 F 0 normal 
c.950C > T (p. 
I317T) positive G2 nd 10 – 

8 61 M 34 nd 
c.950C > T (p. 
I317T) positive G2 nd 30 HCM 

9 58 F 0 normal c.950C > T (p. 
I317T) 

positive G1 nd 10 – 

10 50 F 0 normal c.950C > T (p. 
I317T) 

positive G1 15 80 – 

11 34 F 0 47.60% 
c.950C > T (p. 
I317T) positive G2 nd 30 pain 

12 32 F 3 ne 
c.950C > T (p. 
I317T) 

positive G1 nd 30 sudden hearing loss 

13 26 M 0 0.20% c.950C > T (p. 
I317T) 

positive G1 nd 10 pain 

14 25 F 0 normal c.950C > T (p. 
I317T) 

positive G1 nd 10 – 

15 24 F 0 normal 
c.950C > T (p. 
I317T) positive G1 nd 10 – 

16 5 M 0 ne 
c.950C > T (p. 
I317T) 

positive ne ne ne – 

17 45 F 1 normal c.658C > T (p. 
R220X) 

positive G2 nd 10 pain, HCM 

18 20 F 0 74% 
c.658C > T (p. 
R220X) positive G2A 15 30 pain 

CKD:chronic kidney disease stages; HCM: hypertrophic cardiomyopathy; FH: family history of Fabry disease; ne: not examined; nd: not detected. *The disease duration 
is defined as the period from the statement of first cardiac, renal, or central nervous symptoms to diagnosis. 
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respectively. Because MBs/MCs are urinary sediments that can be easily 
underdiagnosed, clinical information about a patient with suspected FD 
should be provided to the laboratory technician when the physician 
orders the MBs/MCs testing. Promoting the acquisition of MBs/MCs 
testing skills by clinical technologists is necessary to improve the diag-
nosis of FD, particularly in female patients. 
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