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Perspectives on urological care in spina bifida patients
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spina bifida, neuropathic bladder, myelomeningocele, urology

Spina bifida (SB) is a neurogenetic disorder with a complex etiology that involves genetic and 
environmental factors. SB can occur in two major forms of open SB or SB aperta and closed SB 
or SB occulta. Myelomeningocele (MMC), the most common neural tube defects (NTDs), occurs 
in approximately 1 in 1,000 births. Considering non-genetic factors, diminished folate status is the 
best-known factor influencing NTD risk. The methylenetetrahydrofolate reductase (MTHFR) gene 
has been implicated as a risk factor for NTDs. The primary disorder in the pathogenesis of MMC is 
failed neural tube closure in the embryonic spinal region. The clinical manifestation of SB depends 
on clinical type and severity. SB can be detected in the second trimester using ultrasound which will 
reveal specific cranial signs. The management of MMC traditionally involves surgery within 48 h of 
birth. Prenatal repair of MMC is recommended for fetuses who meet maternal and fetal Management 
of Myelomeningocele Study (MOMS) specified criteria. Urological manifestations of SB include 
urinary incontinence, urolithiasis, sexual dysfunction, renal dysfunction, and urinary tract infection. 
Renal failure is among the most severe complications of SB. The most important role of the urologist 
is the management of neurogenic bladder. Medical management with clean intermittent catheterization 
and anticholinergic treatment is generally considered the gold standard of therapy. However, when this 
therapy fails surgical reconstruction become the only remaining option. This review will summarize 
the pathogenesis, risk factors, genetic contribution, diagnostic test, and management of SB. Lastly, the 
urologic outcomes and therapies are reviewed.

1. Introduction

Spina bifida (SB) is the most common birth defect 
affecting the central nervous system. The most common 
form of SB is myelomeningocele (MMC). MMC usually 
affects the brain with characteristic phenotypic features 
that involve cognition, behavior, and adaptation (1). SB is 
a congenital malformation in which the spinal column is 
split (bifid) as a result of failed closure of the embryonic 
neural tube, during the fourth week post-fertilization. 
EUROCAT, the European network of population-
based registries for epidemiological surveillance of 
congenital anomalies estimated the prevalence (including 
chromosomally-related disorders) of 'SB' and 'neural 
tube defects' (NTDs) at 0.51 and 0.94 respectively per 
1,000 births, stillbirths and pregnancy terminations (2). 
A study done in Malaysia showed that the prevalence of 

NTDs was 0.42 per 1,000 live births (3). In a systemic 
review, the overall birth prevalence of NTDs in India was 
4.1 per 1,000 (4). Data for 2000 to 2014 in five counties 
in northern China were obtained through a population-
based birth defects surveillance system. The prevalence 
of total NTDs was extremely high from 2000 to 2004, 
but it began to decrease continuously thereafter, from a 
peak of 120.0/10,000 in 2004 to a low of 31.5/10,000 in 
2014 (5). In other areas, the reported NTD prevalence 
ranges and medians for each region were: African (5.2-
75.4; 11.7 per 10,000 births), Eastern Mediterranean 
(2.1-124.1; 21.9 per 10,000 births) (6).
 The causes of this disorder are heterogeneous 
and include chromosome abnormalities, single-gene 
disorders, and teratogenic exposures. However, the cause 
is not known in most cases. Up to 70% of SB cases can 
be prevented by maternal, periconceptional folic acid 
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supplementation (7). Most neurological dysfunctions 
related to MMC are already well established in adult 
ages, but new and more debilitating clinical problems 
can appear. Autonomic dysfunction, particularly from 
the bladder and bowel, remains a challenge also for 
persons with SB in adulthood (8). MMC management 
includes life-long comprehensive neurologic, urologic, 
musculoskeletal, skin, and rehabilitation management (9).
 Urological manifestation in patients with MMC is 
common, resulting in serious negative psychological 
and medical effects. This mandates an early follow-up, 
and a comprehensive management plan to prevent any 
irreversible renal damage and stabilize bladder function 
(10). Despite consensus regarding early urological 
involvement in the care of patients with SB, controversy 
remains regarding optimal management. Major 
reconstructive urological surgeries still have a major 
role in the management of these cases to protect the 
upper urinary tract and to achieve continence (11). The 
urologist plays an important role in the multidisciplinary 
team of physicians who provide care for patients with 
SB. The essential role of the urologist is to prevent 
deterioration of kidney function and ensuring adequate 
bladder voiding. To achieve those goals medical and 
surgical therapies are used such as clean intermittent 
catheterization (CIC), antimuscarinic and urinary tract 
reconstruction (12).
 We performed a narrative review to discuss briefly 
the etiology, pathophysiology, diagnosis, and treatment of 
SB. The urologist had a crucial role in the management 
of patients with SB. Understanding the pathogenesis of 
SB enables optimization of the management of urologic 
problems created by this malformation. We reviewed the 
current literature regarding the urological outcomes and 
management of patients with SB.

2. Overview of SB

2.1. Pathogenesis

On the basis of the presence or absence of overlying 
skin covering, spinal dysraphism is divided into open 
and closed types. In Open spinal dysraphism (OSD) 
overlying skin covering is absent and the neural elements 
are exposed to the external environment whereas, in the 
closed type, the neural elements have a skin covering. 
OSD results from faulty primary neurulation due to 
defective closure of the neural tube. About 98.8% 
of all OSDs are made up of MMC. Other entities of 
OSD include myelocele and hemimyelocele. Closed 
spinal dysraphism include meningocele, dermal sinus, 
and complex dysraphic states (13). There are two 
fundamental theories regarding the embryogenesis 
of MMC both encompassing a disorder of primary 
neurulation. In the so-called non-closure theory initially 
suggested by von Recklinghausen, it is proposed that 
neural tube defects represent a primary failure of neural 

tube closure. In the overdistension theory, introduced 
in 1769 by Morgagni and popularized by Gardner, it is 
proposed that NTDs arise through overdistension and 
rupture of a previously closed neural tube. The non-
closure theory is more widely accepted and certainly 
accounts for the majority of human NTDs (14).
 The neural damage in MMC may be primarily the 
result of defective spinal cord development, a secondary 
event resulting from damage to the exposed spinal 
cord by the intrauterine milieu. The two-hit hypothesis 
states that primary congenital abnormalities in anatomic 
development allow a relatively normal spinal cord 
to become secondarily damaged by amniotic fluid 
exposure, direct trauma, hydrodynamic pressure, or a 
combination of these factors (15). If the progression of 
spinal neurulation along the body axis is severely delayed 
or halted, then open SB results. In normal embryos, the 
vertebral arches develop from the sclerotomal component 
of the axial mesoderm, which migrates dorsally to 
surround the closed neural tube before undergoing 
cartilaginous and bony differentiation. When the neural 
folds remain open, the sclerotome is unable to cover 
the neuroepithelium and a bifid vertebral column is a 
secondary result (16). In summary, the neurologic defects 
in MMC result from primary incomplete neurulation and 
secondary chronic prenatal damage to the exposed neural 
elements through mechanical and chemical trauma (17).
 Meningocele is often described as a less severe 
variant of MMC in which the spinal cord is not found in 
the sac and is described by embryologists to be absent 
of neural matter in its herniated sac. MMC is usually 
associated with a type II Chiari hindbrain malformation, 
ventriculomegaly, and hydrocephalus (18). Some 
structural anomalies are virtually unique to individuals 
with MMC, including a complex pattern of cerebellar 
dysplasia known as the Chiari II malformation. Other 
structural anomalies are not necessarily unique to MMC, 
including altered development of the corpus callosum 
and posterior fossa (19). The Chiari malformation is 
associated with hindbrain herniation, which may be 
caused by low spinal pressure relative to cranial pressure. 
The relationship between hydrocephalus and SB has 
been the subject of prolonged debate. A hypothesis 
proposed in this essay supports the view that SB is a 
manifestation of progressive hydrocephalus in the fetus. 
It is proposed that that mesodermal growth insufficiency 
influences both neural tube closure and central nervous 
system pressure, leading to dysraphism (20). An open 
neural tube defect allows fluid to escape from the 
cranial vesicles, altering the intracranial environment 
and leads to all of the brain changes seen in the Chiari 
II malformation. Decompression of the intracranial 
vesicles causes overcrowding, a decrease in the size of 
the third ventricle, and changes in the fetal skull (21). 
Hydrocephalus usually develops secondary to impaction 
of the posterior fossa contents on the foramen magnum, 
leading to occlusion of the outlets of the fourth ventricle 
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cardiac anomalies may need to be considered in infants 
with NTDs, and genetic counseling seems warranted in 
most of these complicated cases (28).

2.2. Risk factors

Many factors determining SB risks were cited in 
a comprehension overview, which included third 
pregnancy, miscarriage, high emotional stress during 
pregnancy, TORCH (toxoplasmosis, other agents, 
rubella, cytomegalovirus, and herpes) infection when 
pregnant, poor housing and maternal age (29). Risk 
factors for SB are summarized in Table 2.
 In a study, four variables were significantly 
associated with the increased risk of having newborns 
afflicted with SB: not taking folic acid supplements, 
presence of SB patients within third-degree relatives, 
taking anti-epileptic drugs without folic acid, and low 
birth weight in the newborns ≤ 2,500 grams (30). Other 
factors are known or highly suspected to increase the 
risk for NTDs, including female infant sex and family 
history of NTDs, as well as maternal Hispanic ethnicity, 
obesity, pregestational diabetes, gestational diabetes, and 
hot tub or sauna use (31). Folic acid not only prevents 
the occurrence of a significant proportion of NTDs, but 
might also decrease the severity of NTDs as long as 
supplementation is started before conception (32).
 Currently, strong evidence exists to suggest a causal 
association for maternal obesity before pregnancy, and 
paternal exposure to Agent Orange in patients with SB 
(33). Other risk factors for NTD are exposure to certain 
medications (valproic acid), and vitamin B12 deficiency. 
It was recommended that all women of childbearing age 
capable of becoming pregnant consume 400 micrograms 
of folic acid daily to prevent NTD's (34). NTDs are a 
complex disease impacted by genetic susceptibility, 
epigenetic influences, and environmental insults. Tools 
are now available to identify genetic contributions in 
humans using unbiased methods to evaluate the genome 
and epigenome (35).

2.3. Genetic contribution to SB

Disturbance of any of the sequential events of 
embryonic neurulation produces NTDs, with the 
phenotype (anencephaly, SB) varying depending on 
the region of the neural tube that remains open. While 
mutation of > 200 genes is known to cause NTDs in 
mice, the pattern of occurrence in humans suggests a 

with cerebrospinal fluid outflow blocked, or impaired, 
at the foramina of Luschka and Magendie and resulting 
in progressive ventriculomegaly. Although there are 
several theories, it has been demonstrated that 80-90% 
of children born with MMC are affected with Chiari II 
malformation, aqueductal stenosis, or fourth ventricular 
outflow obstruction causing non-communicating 
hydrocephalus (22).
 A high number of patients with MMC also suffer 
from spinal cord tethering (SCT), which progressively 
worsens neurological function and frequently requires 
surgical correction (23). Approximately 10 to 30% of 
children will develop SCT following repair of a MMC. 
Because essentially all children with repaired MMC will 
have a SCT, as demonstrated on Magnetic resonance 
imaging (MRI), the diagnosis of tethered cord syndrome 
(TCS) is made based on clinical criteria (24).
 There is also a less well-defined group of closed 
spinal NTDs in which the vertebral arches are malformed 
but covered by skin. These conditions, including SB 
occulta and spinal dysraphisms, vary widely in clinical 
presentation. The more severe subtypes are associated 
with various abnormalities of the spinal cord, lipoma, 
and/or anorectal abnormalities (25). SB occulta has 
an overall prevalence of 12.4% in a large, diverse 
population. SB occulta is more common in men and 
decreases in prevalence with increasing age (26). Closed 
spinal dysraphism, SB occulta, refers to skin-covered 
lesions. The cutaneous stigmata that may indicate an 
underlying dysraphism are particularly hairy patches, 
subcutaneous lipomas, capillary hemangiomas, dorsal 
dermal sinuses, and sacral cutaneous pits (27). The 
pathogenesis and the characteristics of each type of SB 
are summarized in Table 1.
 A routine screening for other malformations 
especially facial clefts, musculoskeletal, renal and 

Table 1. Pathogenesis and characteristics of each type of spina bifida

Type of Spina Bifida

Myelomeningocele
Meningocele

Spina bifida occulta

Pathogenesis

Non closure theory: Primary failure of neural tube closure.
Overdistension theory: Overdistension and rupture of a previously closed 
neural tube.
Defective secondary neurulation.

Characteristics

Spinal cord is not found in the sac
Neural matter herniating at the site of the lesion

Site of the lesion is covered with skin

Table 2. Risk factors for spina bifida

Maternal factors
      Not taking folic acid supplements
      Spina bifida patients within third-degree relatives
      Antiepileptic drugs
      Pregestational diabetes
      Gestational diabetes
      Obesity
      Vitamin B12 deficiency
Other factors
      Low birth weight in the newborn
      Pesticides
      Paternal exposure to Agent Orange
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multifactorial polygenic or oligogenic etiology (36). 
The genes contributing to the etiology of NTDs are 
unknown. Mutations in planar cell polarity (PCP) 
genes in mice cause a variety of defects including the 
NTD, craniorachischisis, and sometimes SB. Recent 
studies have sought rare predicted-to-be-deleterious 
alterations (putative mutations) in the coding sequence 
of PCP genes in human cases with various anomalies 
of the neural tube. PCP rare putative mutations had a 
weaker role in MMC, being found in approximately 6% 
of cases and cumulated across CELSR1, FUZ, FZD6, 
PRICKLE1, VANGL1, and VANGL2 (37). Genetic 
variation might interact in a digenic fashion to generate 
visible NTD phenotypes and emphasize the importance 
of these genetic interactions in the development of 
NTDs in humans (38). The Wnt/PCP pathway remains 
a genetic hotspot. Addressing these issues is essential 
for understanding the genetic etiology of human NTDs. 
Data indicate rare damaging variants of the CELSR 
genes, identified in ~14% of NTD cases, and are 
expected to be driver genes in the Wnt/PCP pathway 
(39).
 Several studies have found a positive association 
between NTDs and the common mutation 677C > T of 
5,10-methylenetetrahydrofolate reductase (MTHFR), 
and others that have not indicated such an association 
(40). The enzyme MTHFR plays a key role in the folate 
metabolism pathway and regulates the intracellular 
folate pool for synthesis and methylation of DNA. The 
MTHFR gene is located at chromosome 1p36.3. It is 
assumed that MTHFR genetic polymorphisms play an 
important role in the development of NTDs; however, 
only 13% of NTDs were attributed to the MTHFR 
C677T mutation suggesting that the MTHFR C677T 
polymorphism alone cannot be responsible for NTDs 
(41). The combination of MTHFR and cystathione-
b-synthase (CBS) mutations was reported to have a 
fivefold increase in the risk for SB compared with 
each variant alone, indicating the presence of gene-
gene interactions (42). Another single nucleotide 
polymorphism (SNP) in the MTHFR gene, A1298C, has 
also been described and studied for its relationship to 
NTDs. Available data suggest that the A1298C variant 
alone is probably not a major risk factor for MMC. 
Data also suggest that compound heterozygosity for the 
C677T and A1298C alleles might be associated with an 
increased risk for MMC (43). Significant association 
of SNP (rs3737965) in MTHFR was found. MTHFR 
rs3737965 is located in the promoter sequence and 
therefore variants may affect transcriptional activity. 
This SNP was found to be associated with SB risk (44).
 The identification of genetic risk factors for human 
NTDs is complicated by the multiplicity of genes 
participating in neurulation, and the importance of 
gene-environment interactions. Gene-environment 
interactions appear likely to contribute to NTD 
predisposition, with examples including interactions of 

MTHFR with multivitamin use, methionine synthase 
reductase (MTRR) with vitamin B12 and platelet derived 
growth factor receptor alpha (PDGFRA) with inositol 
and zinc (45).

2.4. Diagnostic test for SB

Prenatal screening for neurological abnormalities is 
based on an ultrasound performed routinely or oriented 
by maternal Alpha Feto Protein (AFP) screening. It 
should be performed around 12, 22, and 32 weeks. 
Maternal serum screening can detect up to 80% of 
cases of SB (46). Standard ultrasound improved NTD 
detection over AFP screening alone, by improving 
AFP test sensitivity and identifying NTDs in low-risk 
pregnancies (47). Compared with maternal serum AFP 
performed alone for screening, routine second-trimester 
ultrasonography was more likely to discover a NTD 
(48). Ultrasound-detectable signs of open SB include 
"banana sign" of the cerebellum and "lemon sign" of 
the frontal skull. A chromosomal abnormality was 
found in 10.9% of isolated SB, which is comparable to 
the rates reported in similar studies. This suggests that 
there is a high risk of chromosomal anomalies in these 
pregnancies compared with normal-appearing fetuses 
(49).
 Ultrasound examination is the gold standard for 
the diagnosis of SB aperta. It represents the main 
imaging tool used to ascertain this diagnosis early in 
gestation. Three-dimensional ultrasound is necessary to 
detect the level and size of the defect. MRI represents 
a more sensitive tool, giving specific information 
on the defect and associated anomalies, playing an 
important role in ruling out the differential diagnosis 
(50). In tertiary fetal medicine centers, two-dimensional 
and three-dimensional ultrasound allows an accurate 
determination of the location, type, extent, and upper 
level of the spinal defect as well as the presence of 
associated anomalies. Fetal MRI should be restricted 
to candidates for intrauterine surgery as part of the 
preoperative protocol (51). Fetal MRI has advanced 
rapidly in the last 25 years, developing from an 
experimental technique to become a fundamental tool 
in normal clinical practice in many centers around the 
world. MRI's ability to detect complex anomalies that 
involve different organs has been widely reported (52).
 Dur ing  t he  p rena t a l  eva lua t i on ,  de t a i l ed 
ultrasonographic assessment of the entire spine with 
the identification of the position and morphology of the 
conus medullaris and absence of cranial signs of spinal 
dysraphism are the most valuable sonographic clues for 
diagnosis of closed SB (53). Additional imaging in the 
postnatal period can be useful in evaluating the newborn 
with vertebral anomalies noted on prenatal imaging. 
Plain radiographs (anteroposterior and lateral of the 
entire spine including the ribs), should be obtained 
early, optimally in the first 2 months, as the bony 
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details of a prenatally-noted anomaly are more evident 
before further ossification of the vertebra. Neonatal 
spinal ultrasound performed before extensive laminar 
ossification has occurred (6-12 weeks) will show major 
intraspinal anomalies and tethering. Evaluation of the 
neonatal spine is typically performed with ultrasound 
and radiography, though MRI sometimes plays a role as 
well (54).
 Pediatric spinal dysraphism and associated 
malformations are accurately diagnosed on an MRI 
scan. MR myelographic 3D-HASTE and STIR 
sequences should be a part of the protocol to evaluate 
spinal dysraphism (55). Conventional supine MRI 
findings may include a low-lying conus medullaris, 
thickened or fat-infiltrated filum terminale, or lipoma; 
however, imaging sensitivity and specificity for 
tethered cord can be low. Prone imaging is found to 
be a sensitive and specific tool, it may have a role as 
supportive evidence in the diagnosis of tethered and 
retethered spinal cord (56). New dynamic MRI-based 
parameters to establish the presence and magnitude of 
TCS have been defined (57).

2.5. Management of SB

Medical management of a child with MMC requires 
a lifelong multidisciplinary effort including urology, 
physical orthopedics, and social therapy besides 
neurosurgery. The initial and probably the most 
crucial step begins with proper repair of the lesion 
(58). The recommended standard of treatment for 
open presentations of SB is prenatal surgical repair or 
postnatal repair within the first few days of life. Prompt 
postnatal repair has been associated with reduced risk 
of ventriculoperitoneal (VP) shunt infection, neurogenic 
bladder (NB), and neurodevelopmental delays (59). 
Early surgical correction of MMC-related spinal 
deformities improves body balance and quality of life. 
The dual growing rod technique is safe and effective 
in cases of moderate neuromuscular spinal deformities 
at an early age (60). The subtraction (decancellation) 
vertebrectomy technique with preservation of the dural 
sac is a safe and efficacious technique for correction 
and stabilization of MMC- kyphosis in young patients. 
Morbidity is reduced, as compared with excision 
techniques (61).
 Symptomatic hydrocephalus is a common condition 
associated with MMC. Traditionally, hydrocephalus 
was treated with insertion of a VP shunt. Endoscopic 
third ventriculostomy (ETV) with choroid plexus 
cauterization (CPC) and conservative management 
of relatively stable ventriculomegaly are alternatives 
to VP shunt placement (62). From 1998 to 2014, 
hydrocephalus treatment has become delayed more and 
the number of hydrocephalic MMC patients not treated 
on initial inpatient stay has increased. A meta-analysis 
demonstrated that shunt malfunction and infection 

rates do not differ between delayed and simultaneous 
hydrocephalus treatment (63). ETV/CPC is a feasible 
alternative to ETV and VP shunt in infants with 
hydrocephalus (64).
 The Myelomeningocele Study (MOMS trial) was 
published, demonstrating a decreased need for shunting, 
a reversal of hindbrain herniation, and better neurologic 
function in the prenatal repair group compared to 
postnatal repair with maternal complications and 
prematurity as a trade-off (65). Class I evidence from 
1 study and class III evidence from 2 studies suggest 
that, in comparison to postnatal repair, prenatal surgery 
for MMC reduces the risk of developing shunt-
dependent hydrocephalus. Therefore, prenatal repair 
of MMC is recommended for those fetuses who meet 
specific criteria for prenatal surgery to reduce the risk 
of developing shunt-dependent hydrocephalus (66). 
Despite the confirmed benefits of prenatal surgery, 
considerable maternal and fetal risk exists compared 
with postnatal repair. Early gestational age at surgery 
and development of chorioamniotic membrane 
separation are risk factors for ruptured membranes (67).
 Most centers offering open fetal surgery for SB 
use the MOMS trial criteria to determine eligibility 
for surgery; some also consider women with a body 
mass index of 40, those with well controlled insulin 
dependent diabetes or those who have previously 
undergone a lower segment cesarean section. In line 
with the evidence discussed, surgery is typically 
planned to take place between 23+0 and 25+6 weeks of 
gestation (68). Maternal obstetric outcomes are superior 
for fetoscopic SB repair compared to open fetal surgery 
and avoids the ongoing risk in a future pregnancy. 
Neonatal and infant benefits appear equivalent (69).
 Infants with classic cutaneous markers of occult 
spinal dysraphism, with progressive neurologic, 
skeletal, and/or urologic findings, present no diagnostic 
or therapeutic dilemma: they routinely undergo MRI 
and spinal cord untethering (SCU). Conversely, in 
asymptomatic patients or those with fixed, minor 
abnormalities, the risk profile of these occult SB 
cohorts should be carefully considered before SCU 
is performed (70). Untethering should be performed 
immediately once the patient shows evidence of 
symptomatic lumbosacral cord tethering, irrespective 
of age. Untethering can interrupt the progression of 
symptoms, but sphincter dysfunction and muscle 
weakness are more likely to improve or resolve (71). 
However, neurologic recovery with regard to pain 
and neurologic deficit shows great variation, with 
improvement rates ranging from 0 to 100%. The causes 
of tethering, preoperative duration of symptoms, and 
completeness of untethering could cause the outcomes 
to vary (72). Spine-shortening osteotomy successfully 
helps to reduce the spinal cord tension without causing 
direct neural damage. At a minimum, it stabilizes the 
patients' symptoms and/or helps delay neurological 
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deterioration for a period of time (73). Spine-shortening 
osteotomy is a safe and effective technique for TCS 
patients, especially in more challenging cases, such as 
complex malformations or revision surgery (74).

3. Urologic outcomes of SB

Urological manifestations of spinal dysraphism can 
include increased risks of urinary incontinence, urinary 
tract infection, urinary calculi, sexual dysfunction, end-
stage renal disease, and iatrogenic metabolic disturbances 
(75). Congenital closed spinal anomalies are associated 
with distortion of the spinal cord, the spinal nerve roots, 
or both, and can result in neurological abnormalities of 
the lower limbs and neuropathic bladder dysfunction. All 
patients with a known or suspected diagnosis of closed 
SB should have a videourodynamic assessment (76).
 A study was conducted by Sakakibara et al. to 
assess the urologic and neurologic outcomes in patients 
diagnosed with SB cystica and occulta. They performed 
a neurological examination, urinary questionnaire, and 
urodynamic studies in 28 consecutive patients with 
urinary symptoms, including 16 with the cystic form, all 
of whom underwent neonatal surgical management, and 
12 with the occult form who did not undergo surgery. 
Urinary incontinence and enuresis were common 
at all ages, and large post-micturition residuals and 
vesicoureteral reflux were not uncommon, particularly 
in the cystic form. Bladder abnormalities in the cystic 
and occult forms included detrusor hyperreflexia during 
filling in 38% and 42%, low compliance detrusor in 81% 
and 67%, supersensitivity to bethanechol in two (100%) 
patients with the cystic form and in three of four (75%) 
with the occult form, and impaired bladder sensation in 
25% and 8% in each form, respectively (77). Summers 
et al. retrospectively reviewed patients seen at adult 
dedicated SB clinics at the universities of Utah and 
Minnesota from April 2011 to April 2012. They identified 
65 patients from these clinics with SB. Fifty-five patients 
(85%) reported a urologic problem at the time of their 
visit. Urinary incontinence was most common in 34 
(52%), followed by recurrent urinary tract infection in 22 
(34%), catheterization troubles in 8 (12%), and calculi in 
6 (9%). Sixty-three patients (97%) required some sort of 
intervention. Patients had many active urologic problems 
and operative management was often needed (78).
 Bladder dysfunction in SB patients can lead 
to significant morbidity due to renal insufficiency. 
Vesicoureteral reflux may occur in up to 40% of children 
with SB by age 5, and up to 61% of young adults with 
SB experience urinary incontinence (79). In SB, the 
natural history of the urinary tract in untreated NB and 
sphincter dysfunction is a progressive deterioration 
by the age of 3 years in up to 58% of patients. Several 
reports have shown this deterioration to be directly 
related to increased intravesical pressure. Without proper 
management, urinary tract infections and elevated 

bladder pressures with secondary bladder-wall changes 
may cause upper urinary tract deterioration (80).

4. Urologic Management of SB

Children with MMC can be categorized into high and 
low- risk groups for secondary damage from a NB based 
on intravesical pressure. Those with elevated pressure 
are at risk for hydronephrosis or reflux. Evidence 
suggests that early management of high pressure protects 
the bladder from additional damage, reducing the 
need for augmentation (81). Treatment for a child with 
NB is usually conservative and focuses on achieving 
safe bladder pressures during storage with reliable 
emptying, via voiding or catheterization. The two most 
important forms of conservative treatment are CIC 
and pharmacological treatment of functional disorders. 
Pharmacologic therapy used for NB are anticholinergic 
drugs, with the most prescribed antimuscarinic drug 
as first-line therapy of detrusor overactivity (DO) in 
children being oxybutynin followed by tolterodine, 
trospium, solifenacin, and darifenacin (82).
 In SB patients, it is important to realize that after the 
closure of the back, pelvic floor behavior can change 
from paralyzed to overactive in the first 2-3 months of 
life. That is a reason to delay the first urodynamic study 
until 2 months after birth. Oxybutynin is best started 
together with CIC immediately after closure of the back. 
Repeated injection therapy of the bladder with 300 U of 
botulinum toxin can be an alternative to antimuscarinic 
therapy. This therapy effectively suppresses detrusor 
contractions for 6-9 months. Injections need to be 
repeated at a 6- to 9-month interval (83).
 When medical and intravesical options fail to provide 
satisfactory results, surgical reconstruction may be 
required to maintain low intravesical storage pressure 
and achieve treatment goals for urinary continence. 
Current options for surgical management include 
incontinent diversion for those who are not candidates 
for CIC or individualized combinations of augmentation 
cystoplasty, a bladder outlet procedure, and the creation 
of a catheterizable channel (84). Surgical intervention 
for patients diagnosed with SB is indicated for those 
at risk for renal deterioration and/or is considered for 
children who fail to achieve satisfactory continence with 
medical management. Traditionally surgery concentrates 
on the bladder and bladder neck, and creation of 
catheterizable channels. For those with a hostile 
bladder, enterocystoplasty remains the gold standard 
for bladder augmentation, although the use of bowel 
for augmentation remains suboptimal due to secondary 
complications, including increased risk of infections, 
metabolic abnormalities, neoplastic transformation and 
risk of life-threatening perforation (11).
 As the child approaches the age of five years, 
continence becomes an increasing concern. Some 
patients will be continent between catheterization so no 
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further intervention is necessary. If maximal medical 
management remains inadequate, surgical options may 
be entertained. Adolescence can be a difficult time 
for these patients. Their medical challenges can take 
an emotional toll and the social consequences of their 
mobility, cognitive, and continence can be devastating. 
The improved care of these patients has resulted in a 
drastic increase in life expectancy. Although surgical 
intervention is very prevalent at this age, endoscopic 
revisions to continent diversions and bladder stones 
account for a majority of the cases during adulthood (85).
 Urinary tract calculi remain a large source of 
morbidity for patients with congenital neuropathic 
bladder. Patients with NB have a 50% incidence of 
urinary calculi over 10 years. As with patients without 
NB, the main strategies to prevent stones typically 
involve increased fluid intake (86). In SB cases, 
renal function may begin/continue to deteriorate into 
adulthood, becoming the leading cause of adult death. 
This is thought to occur because of changes in the adult 
bladder, with increases in storage pressure. Despite 
being invalidated in the follow-up of adult SB patient's 
annual serum creatinine, ultrasound and urodynamics are 
currently the best tools available (87).
 The transition from a well-known and trusted 
pediatric clinic to an unfamiliar adult clinic can 
be difficult, and the ideal protocol for transition or 
establishment of care in an adult SB clinic is not 
clearly defined or standardized. Most adult SB patients 
continue on anticholinergic medications and CIC. A 
large percentage of patients require urologic procedures 
in adulthood (88). Potential solutions to improve 
the urologic care of SB patients suggest additional 
national provider resources, standardized guidelines, 
multidisciplinary collaboration, access to care, and an 
advanced-training pathway to improve the care of adult 
patients with SB (89).
 Despite having intact neurological control over 
erection and ejaculation, other physical limitations 
and social barriers may hinder sexual intercourse and 
contribute to infertility in SB men. Urinary incontinence 
is another source of embarrassment that may contribute 
to social and performance anxiety when it comes to 
sexual interactions. Infertility in this population can be 
caused by problems of sperm transport or defects in 
spermatogenesis (90). In general, adult males with SB 
have normal sexual desires and an interest in addressing 
these issues with healthcare providers. 75% of men 
achieve erections, but maintaining erections is a problem 
and some may be merely reflexive in nature. Many of 
these men show marked improvement with sildenafil. In 
SB patients, the erectile dysfunction and infertility are 
related to the level of neurological lesion with the best 
performance status in those with sacral lesions and intact 
reflexes (91).
 Deterioration of the bladder is not uncommon 
in patients with TCS. Although the mechanism of 

this deterioration has not been elucidated, chronic 
overdistension of the bladder, is associated with 
infravesical obstruction (due to detrusor sphincter 
dyssynergia) and persistent DO. Since TCS-associated 
urological deterioration can occur at any time during 
follow-up, urologists should be responsible for examining 
these patients at regular intervals (92). In a study, it was 
concluded that tethered cord release was beneficial in 
terms of clinical and urodynamic outcomes. Patients 
with abnormal urodynamics had a 48% improvement 
after a tethered cord release. Neurogenic DO seems to 
respond better with a 59% improvement in urodynamics 
(93). Another study conducted by Abrahamsson et al. 
assessed the urodynamic findings in children with MMC 
after untethering of the spinal cord. After untethering 
secondary to MMC, 35% of the patients experienced 
improved bladder function and 5% deteriorated (94). In 
another study, it was demonstrated that a neurosurgical 
correction after the appearance of an upper motor neuron 
sign restored normal neurologic and urinary function in 
all children; and untethering in children presenting at 
birth with upper motor neuron symptoms resulted in a 
poorer outcome (95). Table 3 summarizes the available 
options to manage urological problems in SB patients.

5. Conclusion

SB is a rare congenital spinal anomaly comprising an 
open form, which appears in infancy, and an occult 
form, which appears in late childhood and adulthood. 
Medical management of a child with MMC requires 
a multidisciplinary approach including neurosurgeon, 
urologist, and orthopedist. With urologic management, 
preservation of kidney function, and continence can 
be achievable for most SB patients. Children with NB 
require an intensive lifelong therapy.
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Fragile X syndrome (FXS) is the most prevalent inherited cause of intellectual disability (ID) and 
autism spectrum disorder (ASD). Many studies have been conducted over the years, however, in 
Indonesia there is relatively less knowledge on the prevalence of FXS. We reviewed all studies 
involving FXS screening and cascade testing of the high-risk population in Indonesia for two decades, 
to elucidate the prevalence, as well as explore the presence of genetic clusters of FXS in Indonesia. 
The prevalence of FXS in the ID population of Indonesia ranged between 0.9-1.9%, while in the ASD 
population, the percentage was higher (6.15%). A screening and cascade testing conducted in a small 
village on Java Island showed a high prevalence of 45% in the ID population, suggesting a genetic 
cluster. The common ancestry of all affected individuals was suggestive of a founder effect in the 
region. Routine screening and subsequent cascade testing are essential, especially in cases of ID and 
ASD of unknown etiology in Indonesia.

1. Introduction

Fragile X syndrome (FXS) is an X-linked inherited 
condition that causes developmental problems, 
including intellectual disability (ID). FXS is caused 
by the expansion of the cytosine-guanine-guanine 
(CGG) trinucleotide repeat in the 5' untranslated region 
(UTR) of the fragile X mental retardation (FMR1) 
gene (OMIM 309550). It has a prevalence of 0.5 to 
3 percent in different populations with intellectual 
disability (ID) and autism spectrum disorder (ASD) 
(1). FXS is characterized by ID and emotional and 
behavioral disorders, including a short attention span, 
hyperactivity, tactile defensiveness, and poor eye contact 
(2). Dysmorphic clinical features of FXS include large 
and prominent ears, macroorchidism during and after 
puberty, single palmar crease, and hyperextensible joints 
(3). About 50 to 60% of male patients with FXS also 
have features of autism spectrum disorder (ASD), and 
FXS is considered to be the most common single gene 
cause of ASD (4). The expansion of CGG trinucleotide 
repeats is unstable within a specific threshold, with 
variable length in the normal population. The range 
of repeats in a normal individual is 5 to 44 repeats. 

Individuals with 45-54 repeats have variable expansion 
characteristics and this allele is called an intermediate or 
'gray zone' allele, while individuals with 55-200 repeats 
are classified as premutation carriers. The phenotypes in 
FXS are associated with more than 200 CGG repeats and 
methylation, and this range is called the full mutation. 
Expansion instability usually results from maternal 
transmission, however, 1 or 2 AGG anchors after every 
10 CGG repeats can lead to less frequent expansion to 
the full mutation when passed on by a mother to the next 
generation (5).
 The first cytogenetic analysis of FXS identified the 
fragile site on the long arm of chromosome X located at 
Xq27.3, whereby the syndrome was named (6). Further 
molecular analysis for diagnosis of FXS, including a 
polymerase chain reaction (PCR) based method was 
introduced after the FMR1 gene molecular structure 
was identified in 1991 (7). There have been many PCR 
protocols developed to measure the size of CGG repeats, 
and PCR is one of the most inexpensive and convenient 
methods for diagnosis. However, the DNA fragment 
of expanded repeats in the mid-high premutation range 
does not amplify well in PCR, so full mutation alleles 
cannot be detected. Consequently, other methods are 
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added to differentiate the methylated or unmethylated 
full mutation alleles (7,8). Southern blot analysis using 
a methylation-sensitive enzyme (e.g., BstZI, EagI, NruI, 
BssHII) and a non-methylation-sensitive enzyme (e.g. 
EcoRI or HindIII) have been used to detect mid to high 
premutation and full mutation alleles. Fully expanded 
alleles are seen as a band significantly larger than 5.2 kb, 
due to the inability of the enzymes to cut the allele (9).
 With regard to the accuracy of FXS diagnosis, 
Southern blotting was established as a gold standard 
procedure. This method is still considered laborious, 
time-consuming, and requiring larger amounts of DNA. 
Novel PCR approaches were studied, and a triplet repeat 
primed PCR (TP-PCR) was introduced to amplify the 
CGG-repeat more efficiently. As a result, various kits to 
identify repeat expansion, as well as to quantify the CGG 
repeat in the FMR1 gene are currently employed (10,11).
 In Indonesia, studies on FXS have been conducted 
since the early 1990s. The first case of FXS was reported 
in 1995, when intellectually disabled males attending 
a special school were screened, identifying the first 
Javanese family with two affected brothers. Both brothers 
with FXS had ID with the typical phenotype (e.g., long 
face, long and prominent ears, and macroorchidism) 
(12). Following a clinical and genetic screening of 
individuals with ID, other individuals with FXS were 
found in other institutions or special schools, mostly on 
Java Island. Cytogenetic analysis and conventional PCR-
based screening combined with the fragile X syndrome 
checklist are still being done for routine FXS diagnosis 
because of fewer molecular analysis facilities in 
Indonesia. Southern blot analysis is done only to confirm 
inconclusive results. We aim to describe the prevalence 
of FXS in Indonesia, as well as the results of periodic 
screening and cascade testing in the high-risk population 
for FXS in Indonesia.

2. Data collection

The data was collected from the previous screening 
programs from special schools/ institutions, including our 
recent screening. The previous data of three screenings in 
1999, 2012, and 2013 were collected and included from 
Winarni et al. (13). The recent screening from institutions 
and referred patients from the clinic during 2014-2019 
were collected for routine cytogenetic analysis, including 
fragile site detection at chromosome Xq27.3 using G 
banding technique. The FMR1 gene was analyzed using 
PCR-based methods to determine CGG repeat length as 
previously described (14,15). To confirm the diagnosis 
of FXS, Southern blot analysis was performed (7,16). 
For the most recent screening from an institution, 
individuals were subjected to FMR1 molecular analysis 
using three FastFrax FMR1 Identification, Sizing, 
and Methylation Status Kits (The Biofactory Pte Ltd, 
Singapore) as reported previously (17). Other screenings 
in a remote area of East Indonesia were performed 

using the chimeric-CGG-primer-based PCR screening 
method from blood spots samples (18). Finally, cascade 
testing was performed on the family of individuals who 
were molecularly confirmed as FXS. Informed consent 
was obtained from all cases, and all studies have been 
approved by the ethical committee.

3. Prevalence of FXS in Indonesia

In total, six studies have been performed involving 
screening of high-risk populations, including ID and 
ASD in Indonesia (Figure 1). The first study conducted 
by Faradz and colleagues in 1999, yielded 5 out of 262 
individuals from an ID population in a special school 
(1.9%) (19,20). The study done by Mundhofir and 
colleagues in 2012 found nine individuals (1.7%) with 
FXS from 527 males and females with ID in special 
schools and institutions in the Central Java province 
(16). The study in an autism population resulted in 4 out 
of 65 (6.15%) children with FXS, in accordance with a 
larger prevalence of FXS among individuals with autism 
(21). Blood spot screening in a population of individuals 
with ID in a remote area of Flores island, East Indonesia 
found 2 full mutation males and 1 premutation male out 
of 130 males and 81 females (0.9%), using dried blood 
spot testing (18).
 Our latest FXS screening conducted using triplet 
repeat primed polymerase chain reaction (TP-PCR) in 
individuals with ID from Central Java province, yielded 
a prevalence of 1.83% (2 out of 109 individuals) (17). A 
full mutation was found in a male with an IQ of 50 and 
mild characteristic features of FXS such as, long face, 
prominent ears, macroorchidism, high arched palate and 
hyperextensible joints (Figure 2), and a female with mild 
ID, IQ of 64 without any FXS physical and behavioral 
characteristics (17). Both individuals were not suspected 
of FXS on physical examination and yielded a lower 
than threshold score on the Hagerman checklist (2). 
Both affected individuals had siblings with ID, however, 
follow-up by molecular testing could not be performed, 
because the parents did not agree on subsequent cascade 
testing. Thus, other family members were diagnosed 
based on physical examination and pedigree analysis. 
Altogether, the prevalence of each screening study is 
shown in Figure 1.
 Upon finding positive results in these studies, a 
cascade testing was conducted on some individuals. A list 
of cascade testing results is described in Table 1. Aside 
from the screening program, some patients were referred 
to the Diponegoro National Hospital with clinical 
suspicion of FXS, combined with a family history of ID. 
Up until 2019, four families were diagnosed molecularly, 
as shown in Table 2.
 Diagnosis of FXS in Indonesia is mostly conducted 
under university-based studies, done by physicians who 
lead a research-project and have research-interests in 
ID through clinical, cytogenetic, and molecular testing. 
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are mainly due to the population studied with or without 
cascade testing, molecular techniques being used, 
consanguinity, inclusion criteria, and the number of 
samples.

4. Genetic cluster of FXS in Indonesia

A high rate of FXS cases were found from the first 
screening in a special school and nearby community of 
Semin district, of Gunung Kidul regency, province of 
Yogyakarta in 2000 (20). Screening from a special school 
revealed 21 out of 47 students (45%) were identified and 
affected with FXS. After cascade testing was performed, 
there were 16 nuclear families with 25 affected males, 

These studies showed a similar FXS prevalence of 1.7-
1.9% of populations with ID of unknown etiology. In 
addition to our studies, during 2014-2019 there were only 
four families referred to our research center (Center for 
Biomedical Research/CEBIOR) by physicians for FMR1 
mutation analysis (Table 2), this might be due to a lack of 
awareness of the need for genetic testing in those with ID 
or ASD. The prevalence of FXS is in agreement with the 
known general prevalence of FXS in diverse populations 
(22), although it is lower than some Asian countries. For 
example, the prevalence of FXS among boys with ID 
in Thailand was about 7% (16 of 237 individuals) (23), 
while in Iran, full mutation of FMR1 was found in 32 of 
508 (6.3%) families studied (24). These discrepancies 

Table 1. Cascade testing results on 15 cases from 5 studies

Case no.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Total

No. of nuclear 
families

1
5
2
2
1
1
2
3
1
2
1
1
1
1
8
32

Total affected 
males

2
2
4
2
1
2
2
3
1
1
2
2
0
1
5
30

Total affected 
individuals

2
5
4
3
1
3
3
3
1
2
3
3
0
2
12
47

Total affected 
females

0
3
0
1
0
1
1
0
0
1
1
1
0
1
7
17

Cascade testing taken 
from study population

Faradz et al., 1999
Faradz et al., 1999
Faradz et al., 1999
Faradz et al., 1999
Winarni et al., 2013
Winarni et al., 2013
Mundhofir et al., 2012
Mundhofir et al., 2012
Mundhofir et al., 2012
Winarni et al., 2013
Sihombing et al., 2020
Sihombing et al., 2020
Utari et al., 2020
Utari et al., 2020
Utari et al., 2020

Total carrier 
females

7
6
9
0
1
2
1
0
0
1
1
1
0
1
8
38

Total carrier 
males

3
2
3
0
0
1
0
0
0
2
0
0
1
0
1
13

Table 2. Patients referred from the clinic from year 2004 to 2019

Case no.

A
B
C
D
Total

No. of nuclear 
families

2
1
1
2
6

Total affected 
males

1
2
2
5
10

Total affected 
individuals

1
3
3
5
12

Total affected 
females

0
1
1
0
2

Total carrier 
females

3
1
1
2
7

Total carrier 
males

0
0
0
2
2

Figure 1. Prevalence of FXS from each screening on high-risk 
populations in Indonesia. Note the prevalence from the screening 
of 2000 was higher due to the founder effect, and in 2013 was higher 
due to the autism population studied.

Figure 2. The front facial image of full mutation male (A) and 
female (B) on the latest FXS screening. FXS clinical stigmata found 
on the male patient such as long face and prominent ears, while no 
dysmorphism was observed in the female patient.
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17 affected females, 27 premutation female carriers, 
and 6 premutation male carriers, from one large, multi-
generational pedigree of the same ancestor, suggesting 
this founder family was the cause of this high prevalence 
(14,20). The next follow-up in 2005 revealed six 
additional nuclear families with five affected males, 
five affected females, five premutation females, and 
five premutation males (16). Our latest follow-up in this 
region in 2019 revealed no new cases were found using 
the Hagerman fragile X checklist (2).
 From approximately 55,000 inhabitants, the estimated 
number of people with ID in this region was around 
400 cases. Out of 42 individuals identified to have a full 
mutation of FMR1, roughly more than 10 percent of 
cases with ID were FXS, significantly higher than the 
global prevalence (20). A genetic cluster of FXS has been 
reported in Ricaurte, a district in Colombia, where 1:19 
men and 1:46 women carry a full mutation of FMR1, 
while 1:85 men and 1:25 women carry a premutation (25). 
The high prevalence of FXS, the limited geographical 
area, and the large ancestral pedigree, strongly indicate 
that Semin district also represents a genetic cluster of 
FXS.

5. Management of FXS in Indonesia

Management of individuals with FXS-associated 
disorders comprises long-term health supervision, 
starting from a young age through adulthood. In addition, 
to identifying those with FMR1 premutation-associated 
disorders such as Fragile-X associated tremor/ataxia 
syndrome (FXTAS) at a later age, Fragile-X associated 
primary ovarian insufficiency (FXPOI) among female 
carriers and the risk of having fragile X-associated 
neuropsychiatric disorders (FXAND) at all ages (26,27). 
To date, in Indonesia, there are no specific clinical 
guidelines or recommendations regarding individuals 
with FXS, premutation disorders or ID in general. 
Diagnostic workup for FXS is limited, because our 
center is the only center that performs FXS testing in 
Indonesia (16). Moreover, the cost of diagnostic testing, 
a multidisciplinary approach for treatment, and long 
term follow up in order to reach optimum developmental 
outcomes, besides the need for health care facilities 
related to comorbidities, are not fully covered by the 
National Health Insurance (Jaminan Kesehatan Nasional/
JKN) plan. These conditions become a challenge for 
individuals and families who are dealing with FXS.
 Genetic counseling is recommended for all 
family members who: i) have a positive result from 
genetic testing and who may be affected with the full 
mutation or premutation disorders, ii) are at risk of 
having a FXS child, and iii) are at risk of developing 
premutation-associated disorders. It is important to 
provide information about the inheritance pattern, risk 
of having more affected children with FXS or carriers 
with the premutation. Some women may have the full 

mutation and these women may not have an ID, but 
perhaps emotional or learning problems and they need 
an improved understanding of their health condition 
(26). Cascade testing has revealed that many family 
members have a full mutation or premutation alleles 
from each FXS case. Consequently, clinicians or genetic 
counselors have to improve their understanding of 
FXS and premutation-associated disorders, the clinical 
consequences, and the risk of transmitting the disease. If 
a mother of a child with FXS has a premutation or full 
mutation allele, she will be able to pass a full mutation 
to the next offspring, while a carrier father will pass 
only the premutation allele to all of his daughters (28). 
Moreover, careful consideration should be taken in order 
to keep the balance of family dynamics, for example 
on deciding the right time to test and give results to 
the parents or other family members. There are some 
cultural aspects to recognize, such as the concern for 
potential mistreatment of the marital relationship due to 
carrier status (28), or even forced marriage of individuals 
with FXS due to the social obligation to reproduce 
offspring (29). In Indonesia, aside from cultural belief, 
a religious aspect also contributes significantly to the 
attitudes towards illness and decision-making regarding 
healthcare. Some people would avoid genetic testing and 
screening due to the belief that the condition is a destiny 
from God or other superstition related to the carrier who 
"brings a bad gene" (30). The latest follow-up in the 
area with a high rate of FXS is in the Semin district with 
no new cases of FXS is suggestive of the acceptance/
understanding of genetic counseling, and our long-term 
evaluation and follow-up may have an impact on better 
family planning in this population.
 The ongoing research on targeted treatment for FXS 
has shown some medications that are currently available 
for clinical use, such as metformin, minocycline, and 
sertraline. Some promising targeted treatments are still 
in clinical trials, including cannabidiol, ganaxolone, 
gaboxadol, arbaclofen, and mavoglurant, among 
others (31,32). Research conducted on children with 
FXS treated with metformin showed improvements 
in language development and behavior, such as mood 
instability and aggressive behavior in most patients 
(33). The availability of testing and screening for FXS 
in Indonesia, such as in our center will eventually 
provide access to medication for the patient and family, 
and will be beneficial for alleviating symptoms, such 
as anxiety, irritability, and mood disorders, as well as 
improving language, social communication, and motor 
skills. Clinical trials remain a challenge in our center 
due to limited human capacity, the weak regulatory and 
administrative system, and lack of laboratory facilities 
for diagnosis, baseline and follow up measurements. 
However, physicians can take advantage of targeted 
treatments and prescribe a medication based on the 
available evidence and a careful consideration of 
potential risks and benefits for patients.
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6. Conclusion

This is the first comprehensive review of FXS in 
Indonesia. FMR1 screening is necessary to identify new 
cases and perform genetic counseling to help families 
avoid having a recurrence of children with FXS. 
The diagnosis of individuals with FXS in Indonesia 
could be significantly improved by more frequent 
FXS DNA testing of those with ID or ASD by having 
physicians simply order fragile X DNA testing, since 
there is improved availability of advanced molecular 
laboratories and genetic health care professionals 
such as genetic counselors, clinical geneticists and 
increasing awareness and collaboration among 
healthcare providers, government and stakeholders, as 
well as the community. Regular screening and cascade 
testing may improve the diagnosis of FXS in previously 
unknown cases with ID, and further evaluation of other 
regions of Indonesia, especially outside of Java Island 
is warranted.
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Electronic Health Records (EHRs) represent a source of high value data which is often underutilized 
because exploiting the information contained therein requires specialized techniques unavailable to 
the end user i.e. the physician or the investigator. Here I describe four simple and practical avenues 
that will allow the standard EHR end user to identify patient cohorts: the use of diagnostic codes from 
different international catalogues; a search in reports from complementary tests (e.g. radiographs or lab 
tests) for any result of interest; a free text search; or a drug prescription search in the patient's electronic 
prescription record. This medical approach is acquiring great importance in the field of rare diseases, 
and here I demonstrate its application with X-linked hypophosphatemia. The use of these four EHR 
questioning approaches makes finding a cohort of patients of any condition or disease feasible and 
manageable, and once each case record is checked, a well-defined cohort can be assembled.

1. Introduction

Electronic Health Records (EHRs), of common use today, 
have changed the way clinical information is acquired 
and documented. They provide quick and economic 
access to vast amounts of data for clinical and research 
purposes. However, the exploitation of this information 
normally uses technical methods, such as natural 
language processing (NLP), text mining or machine 
learning techniques which in turn require specialized 
bioinformatic processes for their implementation (1). As 
a result, this vast amount of data may be inaccessible to 
the end users, such as clinicians or investigators, who 
are often looking for patients to recruit for clinical trials 
or their own observational studies (2). The absence of 
end-user tools greatly diminishes the EHRs' potential as 
a source of high value information into an underutilized 
resource that is exacerbated by the number of electronic 
health record software developers (3) and the lack of 
integration between them (4).
 In recent years interest has especially grown in 
the area of rare diseases, which involves thousands of 
very different diseases that affect a small number of 
people within the general population (5). In Europe, 
rare diseases are defined as those with a prevalence of 
less than 1 in every 2,000 people, and within this group 
a disease is considered to be ultra-rare if it affects 1 in 

every 50,000 people (6). Despite the rising awareness 
of rare diseases, they still represent a challenge for 
clinicians, investigators, and public health systems 
(7). The small number of affected patients makes 
it challenging to investigate the pathophysiological 
mechanisms and discourages many companies from 
investing in treatments. In addition, few doctors 
recognize the heterogeneous signs and symptoms, 
leading to missed or delayed diagnoses. The length of 
time for the diagnosis of a rare disease is around 4.8 
years, with the patient seeing an average of 7.3 different 
specialists for case evaluations (8). This delay has a 
serious impact on the patient's quality of life. Earlier 
identification of the disease is vital, not only for patient 
follow-up but also for furthering research.
 Here, I describe different but compatible approaches 
that make it possible for a patient cohort to be identified 
by the standard EHR end user. Whether all or some 
of these approaches are workable will depend on the 
EHR developer and the information access provided 
by the software. For our example, I will apply the 
four different strategies to the rare disease, X-linked 
hypophosphatemia.

2. X-linked hypophosphatemia

The estimated incidence and prevalence of X-linked 
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hypophosphatemia (XLH) are less than 1 in 2,500 and 1 
in 20,000, respectively (9). Despite the prevalence of this 
disorder being similar to other known pathologies, and 
the existence of specialists involved in its diagnosis and 
treatment, awareness and knowledge about this disease 
are still relatively low.
 XLH has its origin in the mutation of the PHEX gene, 
with a dominant X-linked inherited trait. The mutated 
PHEX translates into an increased serum concentration 
of fibroblast growth factor 23 (FGF-23), a hormone 
whose main function is to regulate serum phosphate 
levels. The decreased clearance of FGF-23 leads to 
decreased tubular phosphate reabsorption which, together 
with decreased intestinal absorption of phosphorus, 
induces hypophosphatemia and ultimately the clinical 
manifestations of the disease (10,11).
 The signs and symptoms, which can vary in severity, 
are evident from the first months of life. The most typical 
clinical features, which are soon noticeable in childhood, 
are bowed legs (genu varum) and short stature. But 
there may be other manifestations such as knock-knee 
(genu valgum), frequent fractures, osteoarticular pain, 
extraosseous calcifications, dental problems or hearing 
impairment, which in many cases cause a significant 
functional limitation that negatively impacts the patient's 
quality of life (12). Once suspicion of XLH is raised 
from the physical examination or the imaging tests, the 
diagnostic approach should begin by ruling out other 
causes of rickets, especially deficiencies. Patients with 
XLH have normal parathyroid hormone (PTH), vitamin D, 
and calcium in the blood and urine, but serum phosphate 
levels and tubular phosphate reabsorption are low (11).
 Conventional treatment is based on oral phosphorus 
supplements and active vitamin D analogues to maintain 
alkaline phosphatase within normal range and minimize 
bone deformities, therefore early diagnosis is essential 
(13). However, these treatments are not without adverse 
effects, of which the most common are gastrointestinal 
disorders and the most  serious are secondary 
hyperparathyroidism and nephrocalcinosis (14). The 
development of a new monoclonal antibody has raised 
new hopes in the management of the disease (15,16), 
as it has shown to stabilize serum phosphate levels and 
lead to improvements in rickets, skeletal healing, and 
physical function (13). Doctors need to take into account 
all their current and past patients who could benefit 
from any therapeutic breakthrough, and those who 
could participate in new clinical trials and observational 
studies. This is only possible if XLH patients can be 
correctly identified.

3. Methods for cohort identification

I demonstrate an EHR search of XLH patients with four 
easy-to-use data sources.

3.1. Diagnostic codes

One search method available in virtually all institutional 
systems is searching the diagnostic codes of international 
catalogues. However, a frequently encountered difficulty 
is that most catalogues group diseases together with 
other entities, so extensive case information is needed 
for correct screening, especially when dealing with rare 
diseases. This can be achieved using the other methods 
described below.
 The first option is the widely used International 
Statistical Classification of Diseases and Related Health 
Problems (ICD) with its different editions: ICD-9, 
-10 and -11 are the editions most commonly used in 
hospitals. Many studies have been published using this 
classification for patient identification (17-19).
 In ICD-9, XLH is considered a disorder of 
phosphorus metabolism and the name given is old 
terminology: vitamin D-resistant rickets, code 275.3. 
ICD-10 goes a step further in the classification of these 
disorders of phosphorus metabolism by a separation 
into four groups: XLH is here coded as E83.30, which 
encompasses unspecified disorders of phosphorus 
metabolism. However, ICD-11 made a major change in 
the classification. It removed XLH from the section of 
phosphorus metabolism disorders and placed it in the 
Disorders of vitamin D metabolism or transport, forming 
its own group, hypophosphatemic rickets, encoded as 
5C63.22.
 Another widely used classification tool is the 
Diagnosis-Related Group (DRG), which attempts 
to classify the diagnosis as reimbursable "products" 
provided by the hospital, which means that it is designed 
more for billing than for clinical data analysis (20). This 
system normally places rare diseases, such as XLH, in 
a general category, classified under "Inborn and other 
disorders of metabolism", coded as 642.
 On the opposite end of the scale is the Systematized 
Nomenclature of Medicine - Clinical Terms (SNOMED-
CT) which is a coded, comprehensive, multilingual, 
clinical terminology that is becoming a standard in 
many countries (21). Here XLH is given a unique code: 
82236004. Another classification database available 
is the Online Mendelian Inheritance in Man (OMIM), 
which catalogues all known human genetic disorders; 
XLH as a hereditary disease has its code: 307800. The 
summary of the codes for XLH is shown in Figure 1.

3.2. Complementary tests

Another way to find a cohort of patients among the big 
data provided by the EHRs is to look for diagnostic 
criteria already discussed in the lab test results or in the 
imaging reports. Once these findings have been filtered, 
each case must be reviewed to generate a differential 
diagnosis that will confirm or rule out the disease.
 In the case of XLH, the most effective strategy 
would be to filter cases of binomial decrease in tubular 
phosphate reabsorption and hypophosphatemia. This 
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for PHEX gene mutations should be made in the genetic 
results database (Figure 2).

3.3. Free text search

In most EHRs there is the possibility for the clinician to 
both code their findings in a structured format and also 
enter information in narrative free text. Unstructured free 
text searches, when available, can be more efficient than 
searching for a diagnostic code (23). There are different 
ways to search for free text. One way is to perform a 
plain text search by entering the different names given to 
the same disease. In the case of XLH, the different terms 
include: X-linked hypophosphatemic rickets, X-linked 
hypophosphatemia, vitamin D-resistant rickets, etc. 
Another alternative would be to search for text in clinical 
notes, imaging or genetic test reports. This strategy is 
more far-reaching but less specific than searching for 
diagnostic codes. It may be time-consuming for very 
prevalent diseases, but in the case of rare diseases it is 
best to begin with a long list of potential patients (24). 
Figure 3 shows an example of a free text search for 
X-linked hypophosphatemia.
 An alternative or complementary approach is the 
use of natural language processing (NLP) to extract 
important information from text-based documents. 
This tool has proven to be more accurate in identifying 

could raise suspicions of phosphopenic rickets. Even so, 
we would still have to rule out calcipenic rickets (also 
known as vitamin D-deficient rickets) by focusing on 
PTH and vitamin D levels, and Fanconi's syndrome, by 
looking at urine tests positive for glucosuria, high pH 
levels and elevated fractional excretion of potassium 
(22). Other approaches that follow this strategy 
would be to look for the typical radiographic lesions 
(metaphyseal cupping and flaring and physeal widening 
and irregularity of the long bones). Additionally, a search 

Figure 1. Diagnostic codes for X-linked hypophosphatemia. DRG, 
diagnosis-related group; ICD, International Statistical Classification 
of Diseases and Related Health Problems; OMIM, Online Mendelian 
Inheritance in Man; SNOMED, Systematized Nomenclature of 
Medicine.

Figure 2. Complementary tests approach for X-linked hypophosphatemia.
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postoperative complications compared with discharge 
coding information (25). It has also shown advantages 
in the classification of results of brain tumour magnetic 
resonance imaging reports in comparison to human 
expert classification, with excellent accuracy observed 
for tumour status classification (26). Unfortunately, free 
text searches are rarely exploited (27,28).

3.4. Electronic prescriptions

Finally, another way to find cohorts is to search 
for prescriptions in the patient's electronic medical 
records. Some drugs indicate specific pathologies, but 
if that is not the case for the disease being queried, 
the combination of drugs with several indications 
may sometimes lead to the disease in question. For 
example, this method is especially useful in XLH 
since the classical medical treatment is based on oral 
supplementation of phosphorus and vitamin D. These 
two medicinal products, often used separately, are 
prescribed together in very few situations (Figure 4). 

This approach can be a useful screening step to then be 
complemented by the review of each case to confirm the 
identification. It can be especially valid for those adult 
patients who received treatment in childhood and were 
subsequently lost to follow-up (29).

4. Conclusion

The identification of cohorts of patients with a certain 
condition or pathology using "EHR big data" is a 
growing concern (1,30). Sadly, this has become overly 
technical and out of the reach of doctors or investigators 
who are not experts in these new technologies (31). 
Therefore, for the EHR data interrogation to successfully 
satisfy the end user, easier ways are needed to obtain 
and analyse the information. I have introduced four 
different ways of finding patients that may be available 
to the entire medical community. I am aware that each 
institution with its own EHR software may not have all 
four of the proposed methods available. However, I am 
confident that just one or a combination of the methods 

Figure 3. Free text search approach.

Figure 4. Patients' drug prescription approach.
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would facilitate the task of finding patients with a 
particular condition. In the case of a rare disease, such as 
XLH, it is preferable to rely on more sensitive methods, 
as an eventual "false positive" can always be discarded 
afterwards. With a well-defined cohort, any investigation 
or clinical trial can be launched (32).
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The SLC26A4 gene has been described as the second gene involved in most cases of autosomal 
recessive non-syndromic hearing loss (ARNSHL), after GJB2. Over 500 different SLC26A4 mutations 
have been reported, with each ethnic population having its own distinctive mutations. Here, we aimed 
to determine the frequency and mutation profile of the SLC26A4 gene from two different provinces 
(center and west) of Iran. This study included 50 nuclear families with two or more siblings segregating 
presumed ARNSHL. All affected tested negative for mutations in GJB2 at the DFNB1 locus and were 
therefore screened for autozygosity by descent using short tandem repeat polymorphisms (STRPs) 
of DFNB4. Sanger sequencing was performed to screen the 20 exons of the SLC26A4 gene for the 
families linked to this locus. In silico analyses were also performed using available software tools. Four 
out of 25 (16%) and 3 of 25 (12%) studied families of Isfahan and Hamedan provinces, respectively. 
were linked to DFNB4. Sanger sequencing led to the identification of six different mutations, one of 
which (c.919-2A>G) was recurrent and accounted for 31% of all mutant alleles. One out of 7 (14.3%) 
families with mutations were confirmed to be Pendred syndrome (PS). The SLC26A4 mutations have 
a high carrying rate in ARNSHL Iranian patients. The identification of a disease causing mutation can 
be used to establish a genotypic diagnosis and provide important information to the patients and their 
families.

1. Introduction

Hearing loss (HL) is the most common sensory disorder 
affecting 2-3 out of 1,000 births (http://hearing.
screening.NHs.UK/nationalprog); over 70-80% of the 
etiology are genetic factors. It is estimated that 70% 
of HL includes non-syndromic forms (NSHL), where 
the hearing deficit is the only sign. Approximately, 
80% of cases in this  group fol low autosomal 
recessive inheritance (ARNSHL) (1). The autosomal 
recessive loci are called DFNB followed by a number 
corresponding to the order that the locus was first 
described; DFNB1 to DFNB108 have been reported so 
far (see Hereditary Hearing Loss Homepage at https://
hereditaryhearingloss.org/).
 Mutations in the SLC26A4 gene have been described 
for DFNB4 non-syndromic hearing loss (NSHL, MIM 
# 600791) and Pendred syndrome (PS, MIM # 274600). 
Pendred syndrome is associated with sensorineural 

deafness, congenital and severe to profound temporal 
bone abnormalities, goiter and iodide organification 
defects. In the absence of thyroid dysfunction, patients 
are considered to be forms NSHL DFNB4 (2).
 SLC26A4  (OMIM: 605646)  was ident i f ied 
by Everett et al. after using positional cloning on 
chromosome 7q22-31. This gene encodes pendrin, an 
anion transporter, which is expressed in the kidneys, 
inner ear, and thyroid (3). Pendrin is composed of 
780 amino acids and has a molecular weight of 86 
k DA. In the inner ear, pendrin was found in the 
endolymphatic sac and hair cells, where it is involved 
in pH homeostasis, acting in bicarbonate/chloride 
exchange. Mutations in the SLC26A4 gene can affect 
pendrin activity, causing an imbalance of ions and 
fluid levels in the inner ear (4). Different investigations 
have suggested that SLC26A4 mutations are among 
the most frequent causes of genetic HL in the world 
populations, including Iranians (5). The genetic 
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etiology of ARNSHL in Iran, has been shown by a 
number of independent studies with a special focus 
on DFNB1 (GJB2) (6-12), the most common cause 
of HL in the world (13-15). In the previous study, we 
showed that variants in the GJB2 (NM_004004.5) can 
explain the etiology of ARNSHL in 22.5% and 20% of 
patients from Isfahan and Hamedan provinces of Iran, 
suggesting that GJB2 gene mutations only represent a 
part of ARNSHL in the center and west of Iran (16). 
Thus, more studies are necessary to identify other 
common loci and determine the etiology of ARNSHL 
based on ethnicity (17,18).
 In the present study we applied a homozygosity 
mapping strategy and Sanger sequencing to identify 
the spectrum and mutation type of the SLC26A4 gene 
contribution to ARNSHL. The study cohort included 50 
ARNSHL families, negative for GJB2 mutations, from 
Isfahan and Hamedan provinces in the center and west 
of Iran for the first time. This study is part of a larger 
study, which aims to complete the genetic map of HL 
in Iran by investigating the pedigrees of families with 
hearing impaired members in each province. The result 
of this study should have implications in improved 
genetic counseling and prevention of HL using pre-
implantation genetic diagnosis (PGD) and prenatal 
diagnosis.

2. Materials and Methods

2.1. Families and phenotype investigation

Fifty consanguineous multiplex families with at least 2 
hearing impaired individuals in each family and negative 
for GJB2 mutations were recruited for this study. The 
Ethics Committee of Isfahan University of Medical 
Sciences approved this project. All family members 
signed an informed written consent prior to recruitment. 
They met the following criteria: confirmation of HL 
by pure tone audiometry (PTA) from 250 to 8000 
Hz, autosomal recessive inheritance through pedigree 
analysis (3), existence of three or more affected members 
within the pedigree. A complete clinical evaluation, 
including audiology, ophthalmological, and physical 
examinations were performed to exclude environmental 
exposures and to determine the presence of syndromic 
findings in each family.
 In two families, both parents were hearing impaired, 
suggesting the presence of the same identical mutation 

by descent mutation.

2.2. Genotyping STR markers and linkage analysis

Genomic DNA of patients was extracted from 
peripheral blood lymphocytes using a standard salting 
out procedure (19). Qualitative and quantitative 
assessment of genomic DNA was checked using 1.2% 
agarose gels and a Nanospec cube biophotometer 
(Nanolytik®, Dusseldorf, Germany).
 Linkage analysis was performed using at least 
four informative Short Tandem Repeat (STR) markers 
located at or tightly linked to each locus. Primer 
sequences were obtained from the Probe database. 
Table 1 summarizes the general characteristics of 
the markers used in the study. Touchdown PCR was 
performed in a thermal cycler machine (ASTEC PC-
818, Fukuka, Japan) to amplify STR markers. PCR 
products from family members were genotyped using 
polyacrylamide gel electrophoresis. We used 12% 
polyacrylamide (29:1) to detect STR bands. As some 
STRs were uninformative in some of the families, we 
had to test more STRs to find at least 4 informative 
markers for each locus among families to confirm or 
reject linkage. Two-point and multi-point parametric 
LOD scores under a recessive model were, respectively, 
calculated by Superlink version 1.6 and Simwalk 
version 2.91 (assuming a risk allele frequency of 0.001 
and complete penetrance) (easyLINKAGE program 
package) (20,21). Simwalk and Haplopainter software 
version 029.5 were used to reconstruct and visualize 
haplotypes, respectively (22).

2.3. Mutation detection of SLC26A4

All 20 coding exons (numbered from 2 through 21) 
of the SLC26A4 gene were amplified by polymerase 
chain reaction (PCR) using previously reported primers 
(23). The PCR products were sequenced using a 
ABI3130 sequencer (Applied Biosystem, Foster City, 
CA, USA). The resulting sequences were edited and 
compared against the published NCBI Homo sapiens 
SLC26A4 DNA sequence reference assembly (accession 
NC_000007region: 107301080.107358254).

2.4. Computational analyses

We used Bioinformatics predictive tools including 

24

Table 1. STR markers used and their characteristics

Locus (gene)

DFNB4 (SLC26A4)

STR

D7S2420
D7S2496
D7S2459
D7S2456

STR, Short Tandem Repeat.

Size (bp)

240-290
129-141
140-152
238-252

Heterozygosity (%)

81
63
77
78

             Forward Primer

CCTGTATGGAGGGCAAACTA
AACAACAGTCAACCCACAAT
AAGAAGTGCATTGAGACTCC
CTGGAAATTGACCTGAAACCTT

             Reverse Primer

AAATAATGACTGAGGCTCAACA
GCTATAACCTCATAACCAAAA
CCGCCTTAGTAAAACCC
ACAGGGTCTCTCAATATTA
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the midpoint between the common crus and the external 
aperture was equal to or greater than 1.5 mm, it was 
described as Enlarged Vestibular Aqueduct (EVA) (29).

3. Results

3.1. Family data and linkage analysis

After excluding mutations in GJB2, a total of 50 Iranian 
families segregating ARNSHL were recruited from 
Isfahan and Hamedan provinces (25 families from each 
province) in the center and west of Iran. Among the 50 
families (456 individuals), there were 205 patients, with 
ages ranging from 6 months to 52 years. In 12 studied 
families, PTA was consistent with severe HL (61-80 
dB) and the remaining had profound HL (≥ 80 dB).
 The linkage results were confirmed by individually 
genotyping the family members for the same markers, 
as well as additional markers. After genotyping of STR 
markers, 7 out of the 50 families, negative for GJB2 
mutations, showed linkage to DFNB4. 4 out of 25 (16%) 
and 3 of 25 (12%) ARNSHL families of Isfahan and 
Hamedan provinces, respectively, were linked to this 
locus. Two-point and multi-point LOD score values 
for the seven linked families are shown in Table 2. Our 
study included two deaf-to-deaf marriages, none of 
whom were linked to DFNB4.

3.2. SLC26A4 mutation screening

A total of 6 different SLC26A4 mutations including 
c.416G>T, c.1334T>G, c.1156A>G, c.1238A>G, 
c.1295C>T and c.919-2 A>G were detected in 13 out 
of the 100 (13%) total studied alleles (Table 3). In one 

MutationTaster, PolyPhen and SIFT (24,25) to assess 
possible effects of mutations on the protein structure. 
Multiple sequence amino acid alignment of the 
pendrine protein and visualization of conserved amino 
acids was performed using the ConSurf Server. The 
American College of Medical Genetics and Genomics 
(ACMG) guidelines for variant interpretation were used 
to categorize identified variants (26).

2.5. Clinical investigation

Post-test genetic counselling and clinical examination 
were carried out for all affected members of the linked 
families, to determine whether the phenotype was 
related to DFNB4 (NSHL) or PDS (SHL).
 Function, structure, and size of the thyroid were 
evaluated, to determine the presence of goiter, 
associated with PDS. The levels of thyroid stimulating 
hormone (27), T3 and T4 were measured in all patients 
by means of Elecsys (Chemiluminescent Immunoassay) 
to evaluate the function of the thyroid. The size and 
structure of the thyroid were assessed using a Tc99m 
thyroid scan. The Perchlorate Discharge Test (PDT) was 
done in order to confirm the clinical features of PDS. 
One gram of perchlorate (KClO4) was administered 
two hours after the administration of 131-iodine (50 
mCi). Then, the discharge of iodide was measured. A 
discharge less than 10% of the incorporated iodide is 
expected in normal individuals (28). All three siblings 
(family IR-20) also underwent a high-resolution 
computed tomography (CT) scan of the temporal bone, 
using a Somatom Sensation 16 (Siemens, Erlangen, 
Germany), to determine if there were alterations in the 
cochlea and vestibular aqueduct. When the diameter at 

Table 2. LOD score (two-point and multi-point) values for linked families to DFNB4

Number

1
2
3
4
5
6
7

Family ID

IR-9
IR-14
IR-20
ISF-5
ISF-6
ISF-15
ISF-21

Two-point LOD score

     3.1
     3.8
     2.8

  3
     3.5

29
     3.2

Multi-point LOD score

3.2
4.1
3.2
3.3
3.9
3.3
3.6

Severity HL

Severe-profound
Moderate-profound
Severe
Severe-profound
Profound
Profound
Severe-profound

Table 3. Identified SLC26A4 mutations, their frequencies and in silico analyses

Mutations

c.416 G>T 
c.1156 A>G
c.1238 A>G
c.1259 C>T
c.1334 C>T
c.919-2 A>G
Normal
Total

Isfahan

     0
     1
     2 (4)
     2 (4)
     0
     2 (4)
     43
     50

Hamedan

     2 (4)
     0
     0
     0
     2 (4)
     2 (4)
     44
     50

No (%)
Mutation type

Missense
Missense
Missense
Missense
Missense
Splice-site

 

Location

Exon 05
Exon 10
Exon 10
Exon 10
Exon 11
Exon 07

 

PolyPhen Prediction

probably damaging
probably damaging
probably damaging
probably damaging
probably damaging

NA

 

CADD score

         24.8
         22
         26.2
         23.8
         24.1
         27

Functional effect

SIFT

Damaging
Damaging
Damaging
Damaging
Tolerated

NA
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of the DFNB4 linked families, only one heterozygous 
mutation was identified, and the remaining five families 
were homozygotes. Notably, the result of the present 
study might be a digenic state: interaction with one of 
the two genes interacting with SLC26A4. The missing 
cause is most likely a non-coding mutation or a large 
deletion in the coding region. It is certainly possible 
that a homozygous mutation in another gene could be 
the underlying cause of HL in this family.
 One mutation was a splice site and the others were 
missense (Table 3). One mutation (c.919-2A>G), was 
seen in two linked families (IR-9 and ISF-5) from 
both Isfahan and Hamedan province (Figure 1). All 
the mutations showed co-segregation with HL in the 
related family members. Figure 2 shows the distribution 
of the identified mutations in the schematic structure 
of pendrin. In silico program prediction is shown in 
Table 3. The ConSurf Server (http://conseq.tau.ac.il/) 
revealed that the causative variants were located at a 
well conserved site (Figure 3).

3.3. Clinical testing results

CT scan showed EVA in all linked families (Figure 
4). The levels of thyroid hormones (TSH, T3, and T4) 
were normal in all linked families, but thyroid scan 
detected enlarged multinodular goiter in one family 
(IR-20). There were multiple cold and functioning 
isoactive nodes on both lobes, which is strong evidence 

Figure 1. (A) Pedigree and segregation of the c.919-2A>G mutation in Iranian family ISF-5; (B) Right and left ear audiograms in the (V: 1) 
patients from ISF-5 family; (C) Sequencing results of the c.919-2A>G mutation.

Figure 2. Location of SLC26A4 mutations at the protein level (The 
mutation 919-2A>G as an intronic mutation does not change amino 
acid at the protein level).

Figure 3. Multiple amino acid alignment of protein homologs 
was conserved. The identified mutations c.416G>T, c.1334T>G, 
c.1156A>G, c.1238A>G and c.1295C>T occur at highly conserved 
positions (Gly 139, Ile 386, Gln 413, Thr 420 and Leu 445) in the 
pendrin protein.

Figure 4. Temporal bone CT scan results of an affected member 
with EVA.
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supporting that c.1334 C>T is associated with PDS.

4. Discussion

Mutations of SLC26A4 are a well-known cause of 
ARNSHL globally. Many studies have been performed 
to demonstrate the role of SLC26A4 mutations in 
ARNSHL among various ethnic cohorts (30-32). 
In a recent multicenter study performed by Sloan-
Heggen et al., 37 out of 302 GJB2-negative multiplex 
Iranian families (12.3%) were attributable to variants 
in the SLC26A4 gene (33), while the frequency of the 
SLC26A4 mutations has been reported in Pakistan (34) 
and Turkey to be 5.4%, and 1.8% (35) respectively. 
Mutations of SLC26A4 are the second most common 
cause of HL, and have been identified in the sequence 
encoding all of the transmembrane (TM1-12) segments 
of this protein (36).
 The most comprehensive previous study was done 
on 80 GJB2-negative Iranian subjects using linkage 
analysis and Sanger sequencing showing ~10% 
ARNSHL families are related to the SLC26A4 gene and 
ranked second after DFNB1 (37). Our study shows that 

4 out of 25 (16%) and 3 of 25 (12%) ARNSHL families 
of Isfahan and Hamedan provinces, respectively, were 
linked to DFNB4. The spectrum of SLC26A4 mutations 
in our cohort of 50 Iranian families involves mostly 
missense mutations (70%), which was observed in the 
other Iranian cohort studies (Table 4) as well as other 
populations (38,39).
 c.1156A>G is reported for the first time in Iran. 
This variant is the adenine to guanine transversion 
in exon 10 at codon 386 resulting in substitution of 
isoleucine by valine (P. Ile 386Val). The isoleucine 386 
residue is highly conserved among species. Moreover, 
substitution of residues with a residue, which has 
different physicochemical properties might result in 
damaging effects. Isolucine is a nonpolar amino acid 
with a big hydrophobic structure, while Valine is a 
small non-charged amino acid. This substitution would 
affect its contacts with neighboring residues, thereby 
influencing the folding of the pendrin protein with the 
mutated residue (36).
 Three out of 6 (50%) mutations (c.416 G>T, c.919-
2A>G and c.1238A>G) were reported in our previous 
study for the first time in Iran (23,40). They may 

Table 4. Characterization of Iranian families with SLC26A4 mutations

Nucleotide Change

c.65-66insT
c.269C>T
c.235C>T
c.347G>T
c.416G>T
c.481T>A
c.683C>A
c.716T>A
c.863-864insT
c.881-882delAC
c.919-2A>G
c.965insA
c.959-960insA
c.1001G>T
c.1102G>A
c.1156 A>G
c.1174A>T
c.1197delT
c.1226G>A
c.1229C>T
c.1238A>G
c.1259C>T
c.1334T>G
c.1412delT
c.1343C>T
c.1489G>A
c.1517T>G
c.1546C>T
c.1574C>T
c.1614+1G>C
c.1717G>T
c.1790T>C
c.2027T>A
c.2106delG
c.2162C>T
c.2145G>T

Amino Acid Change

p.Ser23ValfsAla64
p.Ser90Leu
p.Arg79*

p.Gly116Val
p.Gly139Val
p.Phe161Ile
p.Ala228Asp
p.Val239Asp
p.Leu288PhefsGly3
p.His294GlnfsGlu35
           –
p.Asn322KfsAla8
p.Gly320LeufsLys20
p.Gly334Val
p.Gly368Arg
p.Ile386Val
p.Asn392Tyr
p.Cys400Valfsx32
p.Arg409His
p.Thr410Met
p.Gln413Arg
p.Thr420Ile
p.Leu445Trp
p.Leu471Argfsx17
p.Ser448Leu
p.Gly497Cys
p.Leu506Arg
p.Pro516Ser
p.Pro525Leu
           –
p.Asp573Tyr
p.Leu597Ser
p.Leu676Gln
p.Lys702Asnfsx19
p.Thr721Met
p.Lys715Asn

Location

Exon 02
Exon 03
Exon 03
Exon 04
Exon 05
Exon 05
Exon 06
Exon 06
Exon 07
Exon 07
Intron 07
Exon 08
Exon 08
Exon 08
Exon 09
Exon 10
Exon 10
Exon 10
Exon 10
Exon 10
Exon 10
Exon 10
Exon 11
Exon 12
Exon 12
Exon 13
Exon 13
Exon 13
Exon 13
Intron 14
Exon 16
Exon 16
Exon 19
Exon 19
Exon 19
Exon 20

Mutation Type

Frameshift
Missense
Nonsense
Missense
Missense
Missense
Missense
Missense
Frameshift
Frameshift
Splice site
Frameshift
Frameshift
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Splice site
Missense
Missense
Missense
Missense
Missense
Missense

         Authors (Year)

Yazdanpanahi et al. (2015)
Sloan-Heggen et al. (2015)
Kahrizi et al. (2009)
Sloan-Heggen et al. (2015)
Reisi et al. (2014)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Yazdanpanahi et al. (2015)
Yazdanpanahi et al. (2015)
Yazdanpanahi et al. (2015)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Present study
Sloan-Heggen et al. (2015)
Kahrizi et al. (2009)
Kahrizi et al. (2009)
Yazdanpanahi et al. (2015)
Yazdanpanahi et al. (2015)
Sloan-Heggen et al. (2015)
Kahrizi et al. (2009)
Yazdanpanahi et al. (2015)
Sloan-Heggen et al. (2015)
Yazdanpanahi et al. (2015)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Sloan-Heggen et al. (2015)
Kahrizi et al. (2009)
Sloan-Heggen et al. (2015)
Yazdanpanahi et al. (2015)
Kahrizi et al. (2009)
Kahrizi et al. (2009)
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be unique to the Iranian population, which should 
be further investigated. Here, exon 10 had the most 
number of mutations (38.5%). c.1156 A>G, c.1238 
A>C and c.1259 C>T mutations are located in exon 10 
within the 10th loop putative transmembrane segment 
of the pendrin protein. Previous studies showed that 
near 16% of SLC26A4 mutations are observed within 
exon 10 (39), suggesting that the TM10 region is 
functionally relevant for pendrin activity (36).
 In the current study, one out of the 7 (14.3%) 
families with SLC26A4 mutations had PS syndrome. 
In the previous studies in Iran, half of the families with 
SLC26A4 mutations were diagnosed with PS (23). 
These results suggest that PS is probably a prevalent 
syndromic form of HL, which has to be considered 
in molecular diagnostics of HL in Iran. EVA was a 
constant feature among all the tested patients in this 
study.
 Unlike GJB2, the SLC26A4 gene has a larger role in 
Asian than Caucasian populations (34,41,42). Studies 
on NSHL have revealed biallelic SLC26A4 mutations 
in 2% to 3.5% of Caucasian patients (39,43,44), but 
in 5.5% to 12.6% of East Asian patients (42,45,46). 
P.Val239Asp was the most common mutation in 
Turkey (33.3%) and Pakistan (35.6%) while c.919-
2A>G and c.1334C>T mutations are more prevalent in 
East Asia (34,47); c.919-2>G has also been found in 
two of the families in our study. In our patient group, 
the most frequent mutation is c.919-2A>G, detected 
in 31% of the mutated alleles. This mutation, which 
has previously been reported in other ethnic groups, 
was shown to be a founder mutation in Chinese (48) 
and was reported with a frequency of 31% in a Korean 
cohort (49). However, apart from the present study, 
no other studies have reported such a high frequency 
of the c.919-2A>G mutation in Iran (37). Notably, 
c.1238A>G, detected in our previous study, was more 
common in our population (23). The spectrum of 
mutations in SLC26A4 in our patients from Isfahan and 
Hamedan provinces might not be broad, with mutations 
affecting 3 of 20 exons and exon/intron boundaries. 
This finding will help design simplified routine DNA 
testing, targeting the most frequent mutation(s) rather 
than sequencing all 20 coding exons in patients. 
Interestingly, the analysis could be started with exon 10, 
where we found the majority of pathogenic mutations.
 The limitation of this study was the sampling of all 
members of a family. Because both healthy and deaf 
people had to be sampled, and some members lived in 
different cities.

5. Conclusion

In the current study, we performed homozygosity 
mapping analyses and detected 16% and 12% of the 
studied families to be associated with the SLC26A4 
gene in Isfahan and Hamedan provinces. Our finding 

will extend the mutation spectrum of the SLC26A4 
gene, and could be applied to prepare a targeted 
approach to cover the mutations of the SLC26A4 gene 
for molecular diagnostics in central and west Iran.
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Non-syndromic sensory neural hearing defect is one of the genetic diseases inherited from parents 
to offerings. The autosomal recessive form affects a large population worldwide and has become 
a major concern in the social and professional lives of many people. There are many factors and 
genes which are involved in hearing loss but the Gap Junction Beta 2 (GJB2) gene which encodes 
the connexin 26 protein, is a major cause of non-syndromic recessive deafness (NSRD). This study 
aims to record and analyze GJB2 gene mutations in the hearing-impaired population of North 
Karnataka, India. In this study, we included 368 congenitally hearing-impaired children from North 
Karnataka, India, under 18 years of age. After thorough clinical examinations, patient's history 
and proper audiological results, peripheral blood samples were collected and subjected to genetic 
analysis. We recorded that 54.8% of the NSRD cases have an autosomal recessive mutation in the 
coding region of the GJB2 gene. The frequency of W24X (25%) mutation was found to be high in 
the present study population. From this study we can suggest that, identifying this mutation in new-
borns definitely helps in the early diagnosis of hearing loss. 

1. Introduction

Hearing loss or deafness is one of the most common 
global health issues, where patients who lose the ability 
to hear may be permanent or oscillating. Deafness is also 
one of the most prevalent inherited sensory disorders in 
most parts of the world (1). Approximately 1 in 1,000 
new-borns suffer from severe to profound hearing loss. 
In that > 50% of cases are due to genetic factors (2). 
Environmental factors also play a major role in inducing 
deafness. For example, congenital hyperbilirubinemia, 
ototoxic medication, neonatal hypoxia, viral infections, 
and meningitis are some non-genetic factors inducing 
congenital hearing loss (3). 70-80% of non-syndromic 
genetic hearing loss is inherited as an autosomal 
recessive form (DFNB), whereas autosomal dominant 
forms (DFNA) make up about 10-20% (Dominant 
forms are designated with the suffix 'A' and recessive 
forms with suffix 'B') and the X linked form (DFN) 
accounts for about 1-2% (4). DFNB1 gene locus, which 
is responsible for non-syndromic deafness is present 

on the 13q11 chromosome locus is most prevalent all 
over the world (5). 13q11 chromosome region includes 
two major genes viz, connexin 26(GJB2) and connexin 
30(GJB6), which show high involvement in deafness. 
Connexin 26 (GJB2) is the major gene responsible for 
hearing loss all over the world (5). Epidemiological 
data evaluation of deafness in different populations of 
the world also revealed that connexin 26 is the single 
most cause of inherited deafness (5). Syndromic forms 
of deafness which account for more than 500 types can 
be easily diagnosed whereas non-syndromic forms of 
deafness can only be resolved by genetic analysis (6). 
The genetic cause of deafness is heterogenous. Until 
now, more than 100 mapped loci associated with non-
syndromic hearing loss have been described (https://
hereditaryhearingloss.org/). According to the Human 
Gene Mutation Database (HGMD) the total number of 
genes involved in hearing loss (HL) is 316, in that 105 
genes are related to NSRD. 444 mutations are recorded 
worldwide specific to the GJB2 gene (Disease causing 
mutations-355, non-syndromic HL mutations-51) (http://
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www.hgmd.cf.ac.uk). W24X mutation in the GJB2 gene 
is known to be common in the Indian population. Still, 
the full spectrum of mutation of this gene occurring in 
India is not known (7). 
 Connexin is a membrane protein with four 
transmembrane domains, which are called connexins. 
These connexin proteins form a hexamer by combining 
six molecules, called a connexon. A gap junction is 
formed by the hexamers forming a cell-to-cell channel 
to the adjacent cells. Small molecules and ions move 
through this junction to the adjacent cells. Various forms 
of connexin proteins form different types of hexamers 
that determine the permeability of different molecules or 
ions through them (8). 

2. Materials and Methods

2.1. Subjects

After screening 613 bilateral sensory neural congenital 
hearing loss children under 18 years of age (median 
age 12), a total of 368 children (nmale = 235, nfemale = 
133) were considered for the study. Children belonging 
to unrelated families, and having a family history of 
hearing loss or born to consanguineous marriages were 
included in the study. Children who had a syndromic 
hearing loss or were affected by environmental factors 
and above the age of 18 were excluded from the study. 
To confirm that the hearing loss occurred because of 
non-genetic causes (viral and bacterial infections, intake 
of ototoxic drug during pregnancy, and premature 
birth), a detailed clinical history and data were collected 
from each family. After proper physical examination 
pure tone audiometry (250 to 8,000Hz) was obtained 
from each child. Clinical samples were collected after 
obtaining written informed consent from each child. 
Ethical approval for the study was obtained from the 
Institutional Ethical Committee of, Shri B. M. Patil 
Medical College, hospital & research centre, BLDE 
(Deemed to be University), Vijayapura (Ref no- 
BLDE(DU)/ IEC/335/2018-19).

2.2. Mutation Analysis

DNA was isolated from peripheral blood using DNeasy 
blood and tissue kit (QIAGEN, Germany) according 
to the standard procedures. This was followed by the 
polymerase chain reaction (New England Biolab, USA). 
GJB2 gene (NG_008358) was amplified using specific 
primers and to check for the proper amplification, PCR 
products were analyzed by agarose gel electrophoresis. 
Purified PCR products of the GJB2 gene were sequenced 
using forward primer and big dye terminator cycle 
sequencing kit V3.1 (Applied biosystem, USA) using an 
ABI 3500 Sanger sequencer. A comparison of the GJB2 
reference sequence to the individual DNA sequence was 
made to determine the GJB2 sequence variation. 

2.3. Bioinformatics analysis

Pathogenic effects of missense variants were predicted 
using the following Bioinformatics tools, Protein 
variation effect analyzer (PROVEN) (http://provean.jcvi.
org/index.php), Protein Analysis Through Evolutionary 
Relationships (PANTHER) (http://www.pantherdb.
org) SNAP2 (https://www.rostlab.org/services/snap), 
Polymorphism Phenotyping2 (PolyPhen-2) (http://
genetics.bwh.harvard.edu/pph2), Predictor of human 
Deleterious Single Nucleotide Polymorphisms (PhD- 
SNP) (https://snps.biofold.org/phd-snp/phd-snp.html), 
SNPs & GO (https://snps.biofold.org/snps-and-go/snps-
and-go.html) and Deafness Variation Database (DVD) 
(https://deafnessvariationdatabase.org/gene/GJB2). 
These Bioinformatic tools were used to predict the 
pathogenic effects of the variant on the functions of the 
proteins (9). 
 Multiple sequence alignment analyses for connexin 
26 protein were performed to find the sequence 
homology from a common ancestor, which also revealed 
whether they descended from the same/common ancestor 
(10). Uniport accession numbers from different species 
were used for the analysis as follows- Xenla Q7ZYG3, 
Mouse Q009777, Rat P21994, Sheep P46691, Macmu 
Q8MIT8, Human P29033, Corgo Q8MHW5, Canlf 
J9NXR. Homology modelling of the mutated protein 
was predicted using a Swiss-model server and predicted 
protein model was visualized, and analyzed on a UCSF 
chimera program.

3. Results

In this study, we have screened 613 NSRD children 
from the North Karnataka population. We have included 
368 unrelated children with hearing loss (nmale = 235, 
nfemale = 133) out of that 16.8% (62/368) children had a 
family history of deafness. Frequency of consanguineous 
marriage was 42.1% (115/368) in our study. We recorded 
18 mutations in exonic and intronic regions of the GJB2 
gene. W24X, and W77X variants were the common 
mutations identified in this study. A G>A transition at 
c.71 results in a stop codon at p.24 (W24X) of connexin 
26 that produces a truncated protein which is one-tenth 
the length of the wild type protein and a G>A transition 
at c.231 results in a stop codon at p.77 (W77X) of 
connexin 26 protein that also produces truncated protein. 
Both these premature stop codons result in complete 
loss of the GJB2 gene function. W24X (25%) is one of 
the common mutations observed in the study cohort. 86 
(23.3%) deaf children were homozygous and 6 (1.6%) 
deaf children were heterozygous for this mutation and 
the W77X mutation was also found to be homozygous 
(Figure 1).
 In our study, we also recorded 3 missense mutations, 
namely R127H, V153I, and I33T. The frequency of 
R127H (14.9%) mutation among deaf children was 

32



www.irdrjournal.com

Intractable & Rare Diseases Research. 2021; 10(1):31-36. 33

high as compared to the other two identified missense 
mutations. Four 31-UTR variants were identified 
(c.84T>C, c.1067G>T, c.1277T>C, c.1152G>A) (Table 
1). There were no novel mutations observed in our 
study population. In addition to these exonic variants, 
we have also recorded 9 variants in the intronic 
region of the GJB2 gene (Table 2), but these variants 
are unlikely to be causative. The top and middle 
electropherograms show the homozygous mutations. 
The position of mutation is indicated by the arrowhead. 
Heterozygous mutations are in the bottom c.380 G>A 
and c.451 G>A (Figure 1). 
 Pathogenicity prediction of the I33T mutation 
showed the damaging/deleterious effect on the 
functions of connexin 26 protein. V153I mutations 
showed a neutral effect, but R127H mutation showed 
a harmful effect by PhD-SNP, SNP & GO, and SNAP2 
(Table 3). DVD database classified these variants, 
that shows I33T mutation as pathogenic and the other 
two mutations V153I and R127H as benign (Table 3). 
Multiple sequence alignment of the connexin 26 protein 
was analyzed using the Clustal omega. Mutation I33T 
and R127H were highly conserved over different 
species and mutation V153I was semi-conserved (Figure 
2). The 3D models for mutated Connexin 26 protein 
(W24X and W77X) were generated using SWISS-
MODEL. The superimposed model shows the loss 
of the majority of the connexin 26 protein sequences 
from both mutated proteins (Figure 3). Residue W24 
and W77 are present in the first transmembrane (S1) 
domain and second transmembrane (S2) domain of 
Connexin 26 respectively.

Table 1. List of mutations identified in the coding sequence of GJB2 gene in the present study

Sl. No.

1
2
3
4
5
6
7
8
9

Nucleotide change

  c.71 G>A
  c.98 T>C
  c.231 G>A
  c.380 G>A
  c.451 G>A
  g.9159T>C
  g.10142 G>T
  g.10352 T>C
  g.10227G>A

Frequency

25%
5.2%
4.8%
14.9%
4.9%
100%
100%
100%
5.1%

AA change

W24X
I33T

W77X
R127H
V153I

-------------
-------------
-------------
-------------

                Phenotype

Congenital profound hearing loss
Congenital profound hearing loss
Congenital severe hearing loss
Congenital severe hearing loss
Congenital profound hearing loss
Congenital profound hearing loss
Congenital severe hearing loss
Congenital profound hearing loss
Congenital severe hearing loss

Description and type of effect

            Stop Gained
            Missense variant
            Stop gained
            Missense
            Missense
            3'-UTR Variant
            3'-UTR Variant
            3'-UTR Variant
            3'-UTR Variant

Table 2. Mutations were identified in the intronic region of the GJB2 gene in the present study

Sl. No.

1
2
3
4
5
6
7
8
9

Nucleotide change

g.5985C>T
g.6284A>G
g.6514G>A
g.7170A>G
g.7175G>A
g.8151C>S
g.8207T>W
g.8332T>G
g.7111G>R

Frequency

90%
90%

14.94%
100%
25%
4.9%

14.94%
30%
14%

             Phenotype

Congenital profound HI
Severe to profound HI
Congenital profound HI
Moderate HI
Severe HI
Severe HI
Congenital profound HI
Congenital Severe to profound HI
Congenital profound HI

Description & type of effect

Regulatory region Variant
Regulatory region Variant
Regulatory region Variant
Regulatory region Variant
Regulatory region Variant

--------
--------
--------
---------

Figure 1. Sequence electropherograms of mutations identified in 
the present study. W24X (c.71G>A), I33T (c.98T>C), and W77X 
(c.231G>A) mutations were recorded as homozygous. Whereas 
R127H (c.380G>A) and V153I (c.457G>A) mutations recorded as 
heterozygous.
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4. Discussion

An overview of the mutation spectrum of the connexin 
26 gene of 368 cohorts with hearing loss is presented in 
this study. A worldwide study on the GJB2 gene shows 
that it is a frequently mutated gene compared to other 
deafness related gene loci (11). W24X (25%), R127H 
(14.9%), W77X (5.2%) mutation frequencies were found 

to be higher in our study. 2 missense variations were 
also recorded in our cohorts viz, I33T (4.9%), and V153I 
(4.9%). In East Asian lineages, c.235delC is the major 
mutation that causes hearing loss (12). European and 
African ancestors recorded the 35delG and C.167delT 
mutations as a causative factor for NSHL (11). GJB2 
mutations were found in ~11.5% of deaf families of 
south Iran and c.35delC was the common mutation 
identified (13). In our study, we didn't find 35delG 
and C.167delT mutations. Few studies done in India 
show 35delG and c.71G>A (W24X) as major deafness 
causing gene mutations (6,14). Mutations recorded 
in the GJB2(exon 2) coding region (W24X, W77X), 
described in this study, have been found previously in a 
few subjects from Indian subcontinents, including India 
(5). In southern Europe and the United States, congenital 
deaf cases have biallelic GJB2 mutations (between 30-
35%) (15-17). A study on the Chinese Hans population 
has also recorded 25.65% of Hearing-Impaired patients 
had biallelic mutations in the GJB2 gene (18). Whereas 
only 10-20% of congenital deaf cohorts in India have 
biallelic GJB2 mutations. Therefore, we predict that, 
there may be additional deafness causing genes that are 
common in India, other than those already found. We 

Table 3. Pathogenicity of the missense variant by insilico tools

Variants

I33T

R127H

V153I

SNAP2

Effect
Score:55
Effect
Score:1
Neutral
Score: 74

PhD-SNP

Disease
P: 0.548
Disease
P: 0.658
Neutral
P: 0.149

 PolyPhen 2

Possibly damaging
Score:0.792
Benign
Score:0.001
Benign
Score:0.003

SNPS & GO

Disease
P: 0.548
Disease
P: 0.589
Neutral
P: 0.083

DVD & CADD

Pathogenic
25.2
Benign
23.2
Benign
23.4

PROVEAN 

Deleterious
Score: -3.722
Neutral
Score: -0.786
Neutral
Score: -0.205

PANTHER

Possibly damaging

Possibly damaging

Possibly damaging

Figure 2.  Multiple sequence alignment of connexin 26 protein (A). arrow showing I33T residue conservation (B). first arrow (from left to 
right) showing the R127H, and second arrow showing the V153I residue conservation.

Figure 3. Connexin 26, the 3D structure of the protein. (A), 
Superimposed connexin 26 protein model with wildtype and truncated 
protein (Blue- W24 truncated protein, Red- wild type protein); (B), 
superimposed protein structure W77 truncated and wild type protein ( 
Blue- W77 truncated protein, Red- wild type).
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used the Clustal Omega multiple sequence alignment 
tool, to analyze evolutionary conservation in each amino 
acid position. It is observed that R127H, and I33T 
polymorphisms are highly conserved, and polymorphism 
V153I is semi conserved (Figure 3). Two different 
studies transfecting the R127H polymorphism to Hela 
cells have been conducted. In the first study the R127H 
mutation acts like a normal connexon 26 protein (19). 
In the second study, it forms the gap junction but there 
is a reduction in the activity of the gap junction (5,20). 
Bioinformatics analysis on mutations observed in our 
study also revealed that the R127H polymorphism is 
non-pathogenic (Table 3). In other Indian populations 
the R127H mutation strongly suggests that, this is not a 
causative polymorphism for hearing loss even though its 
recorded at high frequency. W24X mutation in our cohort 
shows a heterozygous condition in six subjects with 
hearing loss and also R127H and V153I polymorphisms 
were heterozygous in 2 samples. The cause of deafness 
in those subjects could be because of many factors. The 
major possibility may be the digenic origin, which is an 
implication of another connexin gene (GJB3 or GJB6). 
We have restricted our study to a single gene because of 
the major involvement of the GJB2 gene in hearing loss.
 Over 200 or more GJB2 gene mutations are recorded 
on the home page of connexin (http://davinci.crg.es/
deafness), so it's necessary to sequence the complete 
coding region of this gene. The frequency of the 
pathogenic mutation (W24X) in the GJB2 gene is high in 
our study population. From this study we can suggest that 
identifying this mutation in new-borns definitely helps in 
the early diagnosis of hearing loss. So, implementation 
of strategies to overcome the disability at an early stage 
is possible. Using sequencing techniques or restriction 
analysis, assay mutations can be easily identified. In a 
country like India, there is a high level of consanguinity 
and ethnicity and as such these techniques can be easily 
included, which also help in genetic counselling. This 
will be beneficial in the early rehabilitation of congenital 
hearing-impaired children. There is a need for expanding 
screening in other deafness genes to further resolve 
GJB2 mutations. This is the first study to see the effect 
of genetic variation in deafness in the north Karnataka 
population. In north Karnataka, out of 12 districts only 
4 districts have been included for the genetic analysis 
of the single targeted gene (GJB2) in hearing impaired 
children was the major limitation of our study.
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Chryseobacterium species are widely distributed in the environment. They are rarely found 
in hospital settings causing nosocomial infections. Limited data is available regarding their 
epidemiology, clinical significance and antimicrobial susceptibility patterns. This study was aimed 
to identify different species of Chryseobacterium using matrix-assisted laser desorption/ionization 
time of flight mass spectrometry (MALDI-TOF MS) and to correlate clinically with antimicrobial 
susceptibility patterns in a tertiary care hospital in north India. We also performed phenotypic tests, 
which may be useful to differentiate this bacterium from other non-fermenters. A total of 20 isolates 
of Chryseobacterium spp. were identified over a period of 3 years. Chryseobacterium indologenes 
(18/20) was the most common species isolated followed by Chryseobacterium gleum (2/20) from 
various clinical samples. Antimicrobial susceptibility testing (AST) was performed. Susceptibility 
to rifampicin was observed at a maximum (75%) followed by piperacillin-tazobactum (45%). 
Susceptibility against imipenem, meropenem, cotrimoxazole and cefoperazone-sulbactum were 
observed approximately 33%. Amikacin, cefotaxime and ceftazidime showed least susceptibility 
results. Further clinical correlation was established.

1. Introduction

Chryseobacterium species are among the emerging 
pathogens causing infections in humans. They are rarely 
isolated from clinical samples (1). There are more than 
100 species of Chryseobacterium identified until now 
(2). However, only Chryseobacterium indologenes, 
Chrysebacterium gleum and Chryseobacterium hominis 
are proven to cause infections in humans. They are 
commonly found in soil and water environments. They 
often colonize in water suppliers, taps, and sink basins; 
thereby forming reservoirs for infections in hospital 
environments.
 Colonization of various medical devices containing 
fluids such as respirators, humidifiers, incubators for 
newborns, syringes, etc. have been well documented 
(3-5). Moreover, devices such as prosthetic valves and 
intravascular catheters have also been reported as a 
source of infection for this bacterium (6). In few other 
clinical settings, Chryseobacterum spp. have been 
described as causative agents of meningitis, pneumonia, 
endocarditis, bacteremia, infections of skin and soft 
tissue, and ocular infections (7-13). Primarily, it is 
an opportunistic pathogen that infects newborns and 

immunocompromised individuals of different age 
groups (14).
 There are limited data published on the clinical 
significance and antimicrobial susceptibility of 
Chryseobacterium spp. worldwide including India (15). 
Breakpoints are not available for this newly emerging 
pathogen. Our study aims to find the clinical significance 
and antimicrobial susceptibility pattern of different 
Chryseobacterium spp. isolated from various clinical 
specimens.

2. Materials and Methods

This was a prospective study conducted in the Department 
of Microbiology of a tertiary care hospital in North India. 
The duration of the study was 3 years from January 2017 
to December 2019. Ethical clearance was obtained from 
the institute ethics committee. In this study, we aimed to 
find the recent trends and clinical correlation of various 
Chryseobacterium species in different clinical specimens.

2.1. Specimen collection

Isolates from consecutive clinical samples (blood, CSF, 
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urine, pus, respiratory samples, stool, pleural, peritoneal, 
pericardial fluids, bone marrow aspirates, catheter 
tips, etc.) had been processed for aerobic culture in the 
bacteriology laboratory during the defined period using 
standard operating procedures. Then final identification 
of the growth from culture was carried out using 
MALDI-TOF MS. Phenotypic characterization was also 
done using standard biochemical tests.

2.2. Drug susceptibility pattern

Antimicrobial susceptibility testing of 18 isolates of 
C. indologenes was performed on Muller Hinton agar 
(MHA) by Kirby Bauer disc diffusion method (Figure 
1). SENTRY antimicrobial surveillance program was 
only the largest report published that showed data of 5 
years (1997-2001) including antimicrobial susceptibility 
testing of Chryseobacterium spp. Because no standard 
guidelines for reporting Antimicrobial Susceptibility 
Testing (AST) for Chryseobacterium  spp. were 
available, we performed AST using antimicrobial agents 
recommended by the SENRY antimicrobial surveillance 
program and the result was interpreted using break 
points for Pseudomonas aeruginosa, Staphylococcus 
aureus (for interpretation of cotrimoxazole, rifampicin, 
nitrofurantoin) and Enterococcus spp. (for interpretation 

of vancomycin) as recommended by the Clinical and 
Laboratory Standards Institute (CLSI) 2017 guidelines 
(17).

2.3. Clinical correlation

All the cases were prospectively followed to establish 
clinical correlation. Any changes in treatment/discharge/
death were noted in the data sheet.

3. Results

A total of 20 isolates (Chryseobacterium indologenes, 
n = 18; and Chryseobacterium gleum, n = 2) were 
identified from various clinical specimens during the 
study period. Among the 18 isolates of C. indologenes, 
nine were isolated from blood, eight were from urine and 
one was from a BAL (bronchoalveolar lavage) specimen. 
Two C. gleum species were isolated from blood and 
BAL samples, respectively. Phenotypic identification 
of all isolates was also performed using conventional 
methods. The colonies on blood agar were observed to be 
yellowish in color, 1-2 mm, non-hemolytic, circular, low-
convex and translucent with entire margins. No growth 
was observed on MacConkey agar. Urine samples were 
processed on CLED (Cysteine Lactose Electrolyte 
Deficient agar) media, which showed similar yellow 
colonies as on blood agar (Figure 2). The organism 
was found to be gram-negative non-motile bacilli with 
catalase positive and oxidase positive reactions. The 
Hugh and Leifson oxidative fermentative (OF) test 
showed an oxidative reaction. Indole was produced in 
tryptophan broth; whereas methyl red, urease production 
and citrate utilization tests were negative. C. gleum can 
be distinguished from C. indologenes by their ability to 
reduce nitrite to nitrogen. Chryseobacterium spp. can 
be easily differentiated phenotypically from other non-

38

Figure 1. Antimicrobial susceptibility patterns of C. Indologenes isolates.

Figure 2. Dark-yellow colored colonies of C. indologeneson blood 
agar and CLED media.
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and BAL samples. Repeated blood cultures were found 
sterile. The isolate from blood was sensitive to all 
relevant antimicrobials except amikacin. An isolate from 
a BAL sample was sensitive to Cefoperazone-sulbactum 
and Piperacillin-tazobactum. The clinical significance of 
these isolates could not be established.

4. Discussion

Chryseobacterium spp. are emerging gram-negative 
bacilli belonging to the family of non-fermenters. With 
the use of MALDI-TOF MS, Chryseobacterium spp. 
are being increasingly identified. Since it exists in the 
hospital environment, a positive growth in culture 
has doubtful clinical significance. Chryseobacterium 
infections have been seen in patients with comorbidities 
like diabetes mellitus, chronic kidney disease, 
cardiovascular disease, chronic obstructive pulmonary 
disease and malignancies (16). Beside colonization in 
various medical devices by formation of bio-films other 
virulence factors like protease activity are yet to be 
explored and require further studies to establish their role 
in pathogenesis (14,16). There are  limited data available 
determining the pathogenic role of Chryseobacterium 
spp. The SENTRY study (1997 to 2001) estimated the 
epidemiology and antimicrobial susceptibility pattern 
of Chryseobacterium infections worldwide, where the 
most common isolated species was C. meningosepticum 
followed by C. indologenes and C. gleum (15). The 
investigators described the differences in clinical features 
and anti-microbial susceptibility patterns between C. 
indologenes and C. gleum (16). They analyzed the 
database from 2005 and 2017 to identify patients with 
Chryseobacterium infections. A total of 84 isolates of 
C. indologenes and 42 isolates C. gleum were identified 
and studied during this period. Our study results were in 
agreement with this. There are no specific antimicrobial 
susceptibility testing guidelines available either from 
CLSI or EUCAST for the genus Chryseobacterium.
 In our study, the most common species isolated was 
C. indologenes followed by C. gleum. C. indologenes 
was clinically correlated in 22% of the total patients 
who improved after changing the antibiotic regime. 
Urinary catheter remains an important risk factor 
for the causation of UTI by C. indologenes in most 
of the previously published literature. In the current 
study, two symptomatic patients without a urinary 
catheter showed significant growth of C. indologenes 

fermenters as they are non-motile GNBs producing 
yellow colored colonies on blood agar, indole positive 
and inability to grow on MacConkey agar.
 The patients, whose clinical specimen showed growth 
of Chryseobacterium spp. were prospectively followed 
up for their underlying conditions, co-morbidities, 
presence of indwelling devices, antibiotic history, 
change in therapeutic management (based on the culture 
and AST report), outcome, etc. More than 70% of the 
patients had at least one or more mechanical devices (i.e. 
urinary catheter, central venous catheter, or endotracheal 
tube) at the time of identification of infection by 
Chryseobacterium spp. (Table 1).
 The susceptibility to rifampicin was observed as 
the highest (75%) followed by piperacillin-tazobactum 
(45%). Susceptibility against imipenem, meropenem, 
cotrimoxazole and cefoperazone-sulbactum were 
observed to be approximately 33%. Amikacin, 
cefotaxime and ceftazidime showed a least susceptibility 
pattern. All the 8 isolates of C. indologenes isolated from 
urine specimens were susceptible to nitrofurantoin. The 
AST of C. gleum showed maximum susceptibility to 
piperacillin-tazobactum and cefoperazone-sulbactum 
followed by cotrimoxazole, cefotaxime, imipenem and 
meropenem.
 The isolation of C. indologenes was clinically 
significant among 4 out of 18 (22.2%) patients (three 
from urine samples and one from blood). The isolates 
from the urine samples were identified from acute 
myeloid leukemia (AML) patients and there was 
presence of the same growth on repeated occasions. 
Among the three patients, two of them had only fever 
and one of them had a urinary catheter in situ with 
urinary symptoms. Isolates from these three patients 
were susceptible to nitrofurantoin only. All of them 
were started on oral nitrofurantoin treatment after 
the susceptibility reports were generated. There was 
satisfactory clinical improvement with nitrofurantoin 
in all three patients and subsequent samples from these 
patients were sterile after completion of antibiotic 
treatment. A blood sample from central venous catheter 
in an elderly patient with acute kidney injury showed 
growth of C. indologenes on repeated occasions. On 
the basis of AST report, piperacillin-tazobactum was 
started and patient showed clinical improvement but 
unfortunately, he expired 4 days later due to multi-organ 
failure.
 The two C. gleum strains were isolated from blood 

Table 1. Clinical details of patients showing culture of C. indologenes

Specimen

Urine
Blood
BAL

No. of Chryseobacterium spp.
(n = 18)

8 (44%)
9 (50%)
 1 (5.5%)

Medical device: Central line venous cather, Ventillator, urinary catheter. Comorbidities: Malignancy, immunosuppression.

Comorbidities

4 (50%)
3 (33%)

0

Medical Device
(n = 10)

 3 (37.5%)
 6 (66.6%)
1 (100%)

Positive in Repeat isolation

   3 (37.5%)
1 (11%)

Nil

Clinically significant

3
l

Nil
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on repeated occasions. Moreover, both the patients 
were  immunosuppressed, which signifies there might 
be an increased chance of acquisition of infection in 
immunocompromised states. Because the numbers are 
very low in our study, follow up studies with adequate 
numbers may be helpful. In the current study, all urinary 
isolates observed were sensitive to nitrofurantoin, which 
is in agreement with a study conducted by Taneja et al. 
(17). More studies are needed to establish the efficacy of 
nitrofurantoin against this species.
 A study by Kirby et al. showed more than 90% 
susceptibility of C. indologenes to piperacillin-
tazobactum and cotrimoxazole (15). In our study, 
the susceptibility was 45% and 33% for piperacillin-
tazobactum and cotrimoxazole, respectively. A recently 
published study by Lin et al. showed maximum 
susceptibility to minocycline (67.9%) followed by 
cotrimoxazole (47.9%).
 Chryseobcterium gleum is also an uncommon 
pathogen rarely isolated from various clinical samples. 
There are limited data regarding C. gleum. Only a few 
case reports were reported from india. A study published 
by Rajendran et al. showed a case of nosocomial urinary 
tract infection by C. gleum in a diabetic elderly male 
patient with chronic renal disease and was successfully 
treated with ciprofloxacin (18). Few case reports 
published on C. gleum in patients suffering from chronic 
granulomatous diseases were possibly due to infection of 
the stent (19,20). In the current study, clinical correlation 
could not be established in both the C. gleum isolates 
and were considered to be contaminants. Regarding 
antimicrobial susceptibility patterns of C. gleum, our 
study showed maximum susceptibility to piperacillin-
tazobactum, which coincides with the study done by Lin 
and his colleagues, published in 2019 (16).
 In conclusion, there is increasing incidence of 
nosocomial infection due to multidrug resistant 
Chryseobacterium spp.. Early and accurate diagnosis 
of Chryseobacterium infection can provide an edge in 
appropriate management of the critically ill patients. 
With the help of advanced techniques like MALDI-TOF 
MS, these new emerging pathogens can be easily and 
accurately identified. There is a need to determine the 
breakpoints for various antibiotics against this bacterium 
across the world, to make a universal consensus for the 
antimicrobial susceptibility testing of Chryseobacterium 
species.
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Hereditary angioedema caused by C1-inhibitor (C1-INH) deficiency (HAE-C1-INH) is a rare 
autosomal dominant disease. Primary care physicians sometimes face difficulties in diagnosing 
HAE-C1-INH owing to fluctuations in C1-INH function levels influenced by blood sampling 
conditions. International major guidelines do not stipulate a cut-off value of C1-INH function for 
the diagnosis. We aimed to explore the distribution of C1-INH function levels in patients with 
HAE-C1-INH and elucidate the influence of blood sampling conditions using healthy volunteers' 
samples to confirm the cut-off value of C1-INH function. In 48 patients with HAE-C1-INH who 
visited the Juntendo University Hospital in Japan between 2013 and 2019, C1-INH function 
levels were evaluated for 160 samples during symptom-free periods and 147 samples during an 
acute attack. Fluctuations of C1-INH function level were also evaluated for 8 healthy volunteers, 
wherein the samples were divided into 3 groups according to different sampling conditions. C1-
INH function levels in all patients with HAE-C1-INH were found to be < 50%. The average C1-
INH function level in healthy volunteers measured soon after blood collection in an appropriate 
sampling condition was 77% (61-92%) with some having lower C1-INH function levels than the 
reference value. C1-INH function levels fluctuated unstably in inappropriate sampling conditions. In 
conclusion, we can confirm that a < 50% C1-INH function level can be used as the diagnostic cut-
off value for HAE-C1-INH. Moreover, it is necessary to repeat measurements of C1-INH function 
level in appropriate blood sampling conditions to accurately diagnose HAE-C1-INH.

1. Introduction

Hereditary angioedema caused by C1-inhibitor (C1-
INH) deficiency (HAE-C1-INH) is an autosomal 
dominant disease that produces excess bradykinin, 
inducing unpredictable and recurrent acute subcutaneous 
or submucosal angioedema (1-4). Although HAE-C1-
INH is a rare disease, estimated to affect around 1 in 
50,000 individuals with no reported bias among different 
ethnic groups, only approximately 400-500 patients, 
much less than the estimated prevalence, have been 
diagnosed in Japan. The responsible gene SERPING1 
has been detected, although the severity and frequency 
of the disease vary even in the same family members 
(5). HAE-C1-INH can be life-threatening when severe 
edema develops in the upper respiratory tracts, and 
patients might undergo unnecessary abdominal surgical 
procedures for severe abdominal pain resulting from 

gastrointestinal edema without appropriate treatment for 
HAE-C1-INH (6-8). Additionally, it has been reported 
that it takes an average of 13.8 years from the onset of 
the initial symptoms to be diagnosed with HAE-C1-INH 
due to the low awareness of the disease in Japan (8). To 
improve these conditions, an early diagnosis of HAE-
C1-INH with clear criteria is important.
 Concerning the diagnosis of HAE-C1-INH, the 
guideline of the World Allergy Organization/the 
European Academy of Allergy and Clinical Immunology 
(WAO/EAACI) recommends that all patients suspected 
to have HAE-C1-INH should be assessed for blood 
levels of C1-INH function, C1-INH protein, and C4, and 
the tests should be repeated to confirm the diagnosis of 
HAE-C1-INH, if any of the levels are abnormally low 
(9). The C1-INH protein level test is not covered by 
health insurance in Japan, and the measurement is not 
necessarily performed, because the C1-INH function 

Brief Report



www.irdrjournal.com

Intractable & Rare Diseases Research. 2021; 10(1):42-47.

level test is sufficient for the diagnosis of HAE-C1-INH. 
Moreover, the guideline of the Japanese Association for 
Complement Research revised in 2014, recommends 
that low levels of C1-INH function and C4 are effective 
indicators, but the number of blood analyses of these 
markers needed for the diagnosis of HAE-C1-INH is not 
suggested (10). Both guidelines did not refer to the cut-
off value of C1-INH function for diagnosis of HAE-C1-
INH. Therefore, primary care physicians sometimes face 
difficulties in the diagnosis of HAE-C1-INH owing to 
confusingly low C1-INH function levels (11,12).
 In the present study, we aimed to investigate the 
distribution of C1-INH function levels in patients with 
HAE-C1-INH to confirm the cut-off value of C1-
INH function for an early diagnosis of HAE-C1-INH. 
Furthermore, because we sometimes encounter some 
patients with low C1-INH function levels, we also aimed 
to explore the influence of blood sampling conditions 
before measuring the C1-INH function level and 
fluctuations in the C1-INH function levels using healthy 
volunteers' samples.

2. Materials and Methods

2.1. Patients and blood samples

The study enrolled 48 patients (16 males, 32 females) 
with a confirmed diagnosis of HAE-C1-INH at the 
Juntendo University Hospital in Tokyo, Japan. The 
mean age of the patients was 41.1 years (range, 20-71 
years) during their inclusion in this study. The study 
was conducted in accordance with the Declaration 
of Helsinki, and the protocol was approved by the 
Institutional Review Board of Juntendo University (No. 
25-325). Written informed consent was obtained from the 
patients. We collected serum samples from the patients, 
as well as data on C1-INH function levels from 160 
samples during symptom-free periods and 147 samples 
during an acute attack (total: 307 samples) between 2013 
and 2019. Serum samples were appropriately measured 
soon after blood collection.
 We planned to mimic the actual situations of blood 
sampling in the primary clinics. Serum samples were 
also obtained from 8 healthy volunteers (volunteers 
A-D: male, volunteers E-H: female) with no clinical 
symptoms of angioedema or other basic diseases. The 
samples were divided into the following 3 groups to 
measure C1-INH function levels: i) centrifuge the 
samples immediately after blood collection before the 
measurement, which should be ideally performed in 
clinical situations, ii) allow the samples to stand at room 
temperature for 6-24 h after the blood collection until 
centrifugation and the measurement, and iii) centrifuge 
the samples immediately after the blood collection and 
allow it to stand at room temperature for 6-24 h before 
the measurement. The ii) and iii) conditions were set as 
experimental controls.

2.2. Laboratory data

All serum samples were evaluated for C1-INH function 
levels by chromogenic assay in a commercial company 
(Special Reference Laboratories: SRL, Tokyo, Japan). 
The reagent for the C1-INH function level measurement 
was produced by a commercial company (Berichrom 
C1-inhibitor, Siemens, Munich, Germany). Thus, the 
testing procedures and methods were unified with their 
automated analysis methods. The reference value of 
C1-INH function was 70-130% set by the manufacturer; 
SRL (13).

3. Results and Discussion

All enrolled patients with HAE-C1-INH presented < 
50% of C1-INH function levels (Table 1). Particularly, 
C1-INH function levels were ≤ 25% in 114 samples 
(71.3%) during symptom-free periods and 136 samples 
(92.5%) during an acute attack, respectively. Moreover, 
the enrolled patients had not received plasma-derived 
human C1-INH concentrate within 3 days before each 
blood collection, whose half-life period is reported to be 
64 h (14).
 The average C1-INH function level in 8 healthy 
volunteers immediately after the blood collection in an 
appropriate condition was 77.0% (61-92%).
 For the samples left to stand at room temperature 
for 6-24 h after the blood collection and until the 
centrifugation and measurement, the C1-INH function 
levels were continuously decreased in 3 volunteers (B, 
D, G), continuously increased in 2 volunteers (C, F), 
and inconsistently changed in the others (Figure 1). The 
maximum rate of fluctuation in C1-INH function level 
was 22.8% in volunteer G.
 For the samples immediately centrifuged after the 
blood collection and left to stand at room temperature 
for 6-24 h until the measurement, the C1-INH function 
levels continuously decreased in 2 volunteers (D, 
G), continuously increased in a volunteer (C), and 
inconsistently changed in the others (Figure 2). The 
maximum rate of fluctuation in the C1-INH function 
level was 31.7% in volunteer B.
 Theoretically, C1-INH production declines by 
50% in patients with HAE-C1-INH, because this is an 
autosomal dominant disease with the SERPING1 gene 
mutation. However, C1-INH is continuously consumed 
by the kallikrein-kinin system, complement system, 
fibrinolysis system, contact system, and coagulation 
system. Indeed, the C1-INH function levels in all 307 
of the HAE-C1-INH samples did not reach 50% (Table 
1), although the C1-INH function levels fluctuated in 
many patients. We can therefore conclude that HAE-C1-
INH is mostly ruled out, if the C1-INH function level 
is ≥ 50%, and that the cut-off value of C1-INH function 
for diagnosing HAE-C1-INH is considered likely to be 
50%.
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Table 1. The distribution of C1-INH function levels in patients with HAE-C1-INH

Pt no.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Total

≤ 25

6
6
3
3
3
5
7
5
2
1
1
1

7
1
1

2
3
5
5

5
4
3

4
7
1
4
2
1
1
1
2
1
1
1
3
4
1

1

114

All enrolled patients with HAE-C1-INH presented < 50% of C1-INH function levels. C1-INH function levels were ≤ 25% in 114 samples (71.3%) 
during symptom-free periods and 136 samples (92.5%) during an acute attack, respectively. Moreover, the enrolled patients had not received 
plasma-derived human C1-INH concentrate within 3 days before each blood collection, whose half-life period is reported to be 64 h. C1-INH, 
C1-inhibitor; HAE, Hereditary angioedema; Pt no., Patient number.

30-39

1

1

1

2
1

1

1

1

1

1

11

160

26-29

1
2

2

3

1

1

3

1

1

1

1

1

1

1

4

3

1

1
1

30

40-49

1

4

5

≥ 50

0

Number of patients presenting C1-INH function level

During symptom-free periods

C1-INH function level (%)

≤ 25

4

7
6
22
2
21
5
35

5
2

1
1
10

9

5

1

136

30-39

1

1

2

147

26-29

1

2

1

1

5

40-49

1

1

1

1

4

≥ 50

0

During an acute attack

C1-INH function level (%)

307
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 The reference value of C1-INH function is set as 
a wide range of 70-130%, because C1-INH function 
levels can fluctuate due to some biological factors. 
C1-INH is reported to decline during late phase of 
pregnancy and it also decreases due to liver disease, 
malignant disease, extracorporeal circulation therapy, 
disseminated intravascular coagulation, multiple organ 
failure, arteriosclerosis obliterans, and infection (15). 
Moreover, in patients with low levels of C1-INH 
function, the influence of blood sampling conditions 
before measurement should be taken into consideration. 

We have previously experienced some cases of non-
HAE-C1-INH patients with angioedema, showing low 
C1-INH function levels at the first measurement, but not 
at the second measurement as presented below.
 Case 1, 15-year old, female: The patient experienced 
recurrent swelling around the mouth at the age of 15 
years. After blood analysis, her family doctor suspected 
HAE-C1-INH because of the C1-INH function level 
being < 25%. Although she had a history of angioedema 
in her paternal family, her blood analysis result in our 
hospital showed normal C1-INH function levels (96%). 

Figure 1. C1-inhibitor (C1-INH) function levels of the samples from 8 healthy volunteers standing at room temperature for 6-24 h after 
blood collection until centrifugation and measurement. The figure shows the fluctuations of C1-INH function levels in 8 healthy volunteers. 
The samples were left to stand at room temperature for 6-24 h after blood collection until centrifugation and measurement. C1-INH function 
levels were continuously decreased in volunteers B, D, and G, continuously increased in volunteers C and F, and inconsistently changed in the 
others. The maximum rate of fluctuation in C1-INH function level was 22.8% in volunteer G.

Figure 2. C1-inhibitor (C1-INH) function levels of samples from 8 healthy volunteers standing at room temperature for 6-24 h after blood 
collection and centrifugation until measurement. The figure shows fluctuations of C1-INH function levels in 8 healthy volunteers. The samples 
were centrifuged immediately after blood collection and left to stand at room temperature for 6-24 h before measurement. C1-INH function 
levels were continuously decreased in volunteers D and G, continuously increased in volunteer C, and inconsistently changed in the others. The 
maximum rate of fluctuation in C1-INH function level was 31.7% in volunteer B.



www.irdrjournal.com

Intractable & Rare Diseases Research. 2021; 10(1):42-47.46

Because she originally had urticaria and pollinosis 
with a high serum level of IgE (269 IU/mL), she was 
diagnosed with histamine-mediated angioedema (16). 
We found that the result of blood analysis for C1-INH 
function level performed in the previous hospital had 
been obtained using stocked serum 7 days after blood 
collection, which might have led to the incorrect C1-
INH function level.
 In this study, the fluctuations of C1-INH function 
level were observed at about 20-30% according to the 
inappropriate conditions as shown in Figures 1 and 2. 
Furthermore, the results of measuring the samples would 
be naturally impaired by poor testing conditions as we 
experienced in case 1.
 Moreover, we experienced another case of a non-
HAE-C1-INH patient with angioedema as presented 
below.
 Case 2, 32-year old, female: After beginning to 
take estrogen pills at the age of 30 years, the patient 
experienced facial swelling, for which she visited her 
home doctor. The result of her blood analysis indicated 
HAE-C1-INH owing to the presence of low C1-INH 
function levels (63%). She had no family history of 
angioedema, and the result of her blood analysis in our 
hospital showed normal levels (C1-INH function level of 
93.8%). We were unable to identify the primary problem 
associated with the blood collection and measurement 
procedure in the previous hospital; therefore, we 
considered that the estrogen pills may have caused drug-
induced angioedema (17).
 Thus, the measurement results of C1-INH function 
levels might originally show wide variations that cannot 
be explained simply by blood sampling conditions 
before the measurement. First, in this study, the obvious 
difference or tendency was not observed between 
different blood sampling conditions before measurement 
as shown in Figure 1 and Figure 2. Second, considering 
the accuracy and precision of the reagent for C1-INH 
function levels measurement used in the present study, 
because Siemens reveals that its accuracy is < 15%, and 
its coefficient of variation is < 10%, we can say that the 
reagent used for C1-INH function levels is reliable (18). 
Third, because the measurement of C1-INH function 
levels was usually outsourced in most of the Japanese 
hospitals, the testing procedures and methods were 
unified according to their automated analysis methods. 
Thus, if blood sampling conditions have an influence on 
the results, the C1-INH function levels observed in this 
study should show consistent changes and tendencies 
over time. Therefore, we need to recognize that the 
measurement of C1-INH function levels might be 
unexpectedly unstable.
 Additionally, in this study, 2 healthy volunteers 
(A, C) presented lower C1-INH function levels than 
the reference value. In particular, volunteer C who 
showed the lowest C1-INH function level immediately 
after blood collection, consistently showed 61-65% 

in all conditions as shown in Figure 1 and Figure 2. 
Because we were assured that volunteer C did not have 
any disease including angioedema, this result means 
that some healthy people could present lower C1-INH 
function levels than the reference value.
 In conclusion, we can confirm that < 50% of C1-
INH function level can be used as the diagnostic cut-
off value for HAE-C1-INH. Moreover, it is necessary 
to repeat measurements of C1-INH function level in 
an appropriate blood sampling condition to accurately 
diagnose HAE-C1-INH as recommended by the 
guideline of WAO/EAACI. We hope that more samples 
will be included in the future to provide more sufficient 
data as evidence to support this conclusion.
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Acute promyelocytic leukemia (APL) is characterized by the translocation t (15;17)(q22;q21) 
cytogenetic abnormality in the majority of cases. In most of the cases the cells of APL have normal, 
diploid karyotype. There are very few cases presented with very rare tetraploid karyotype with 
double translocation t(15;17)(q22;q12). We report the first case of tetraploid APL with double 
translocation t(15, 17) in Europe. A 66-year old male patient presented with dyspnea and unexplained 
dental bleeding. Blood work showed a white blood cell count of 1x109/L, hemoglobin was 124 g/
L, platelet count was 61x109/L and fibrinogen level was low (1.4 g/L). Cytogenetics showed a 
tetraploid karyotype. Fluorescence in situ hybridization analysis proved existence of clonal cells 
with translocation t (15,17) in 15% of metaphase nuclei and tetraploid subclonal cells with the same 
translocation in 70% of metaphase nuclei. Findings were consistent with APL, tetraploid variant and 
the patient started all-trans retinoic acid (ATRA) treatment. The patient achieved complete remission 
in 2 months and completed three consolidation therapy cycles with ATRA, idarubicin or mitraxontrate. 
Currently, the patient is undergoing maintenance therapy with ATRA, 6-mercaptopurine and weekly 
methotrexate.

1. Introduction

Acute promyelocytic leukemia (APL) is a type of 
acute myeloid leukemia (AML), classified according 
to the French-American-British (FAB) classification 
as AML-M3 and accounts for about 10-15% of all 
AMLs. APL is characterized by a balanced reciprocal 
translocation (t) between chromosomes 15 and 17 
resulting in the fusion of the retinoic acid receptor alpha 
(RARA) and promyelocytic leukemia (PML) genes 
in the majority of cases. In most of the cases the cells 
of APL have normal, diploid karyotype (1,2). There 
are very few cases presented with very rare tetraploid 
karyotype with double translocation t (15;17)(q22;q12). 
Tetraploidy has only been reported in 16 cases of APL 
in the literature, with cases reported in the Far East 
countries, Australia, United States of America, Malaysia 
and Greece (3-5). 
 We searched PubMed using key words "acute 
promyelocytic leukemia" and "tetraploid" and found 
20 results. None of those results was related to Croatia, 
thus, to our knowledge, our case is the first reported 
tetraploid APL with double t (15;17)/PML-RARA in 

an adult from Croatia. Furthermore, until now only one 
APL with tetraploidy case report has been published in 
Europe (5) but in that case report t (15;17)(q22;q12) has 
not been proven. Accordingly our case report is the first 
case of tetraploid APL with double t (15;17)(q22;q21).

2. Case Report

We present a case of a 66-year old male patient who 
presented with dyspnea, and dental bleeding. Blood 
work showed a white blood count of 1 × 109/L with 
39% neutrophils, 49% lymphocytes and 5% monocytes. 
The hemoglobin was 124 g/L and the platelet count was 
61 × 109/L. 
 The prothrombin and activated partial thromboplastin 
time were normal but fibrinogen level was low (1.4 
g/L). The bone marrow showed numerous large 
promyelocytes (54%) that contained irregular bilobed 
nuclei, abundant cytoplasm with granularity and few 
Auer Rods. Flow cytometry showed a population of 
large immature cells phenotypically positive for cluster 
of differentiation (CD)13, CD33, myeloperoxidase 
(MPO), CD117, CD56, CD64, CD2 and negative 
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for Human Leukocyte Antigen – DR isotype (HLA-
DR) and CD11c which referred to promyelocytes. 
Cytogenetics showed a tetraploid karyotype as follows: 
46,XY,t(15;17)(q22;q21)/92,XXYY,t(15;17)(q22;q21) 
× 2 (Figure 1). Fluorescence in situ hybridization 
(FISH) analysis proved existence of clonal cells with 
translocation t (15, 17) in 15% of metaphase nuclei and 
tetraploid subclonal cells with the same translocation t 
(15,17) in 70% of metaphase nuclei (Figure 2). PML/
RARA copies were identified by a reverse transcriptase-
polymerase chain reaction (RTPCR).
 Findings were consistent with APL, tetraploid 
variant. Induction therapy with all trans-retinoic 
acid (ATRA) and idarubicin were completed with 
no complications. Post induction bone marrow 
cytogenetics revealed a normal male karyotype and 
FISH and PCR studies showed no PML/RARA fusion 
products, consistent with APL in molecular remission. 

The patient achieved a complete remission in 2 months 
and completed three consolidation therapy cycles with 
ATRA, idarubicin or mitraxontrate with 28 months 
of follow up. Repeat bone marrow examination and 
molecular analysis after completion of consolidation 
treatment showed the patient remained in morphological 
and molecular remission. The latest molecular analysis 
which was done 50 weeks after consolidation therapy 
revealed undetectable PML-RARA fusion copies. 
Currently, the patient is undergoing maintenance 
therapy with ATRA, 6-mercaptopurine and weekly 
methotrexate.

3. Discussion

In most cases APL is characterized with giant and 
bizarre blast cells translocation t (15,17) (q21,q22) 
and synthesis of fusion transcriptional product PML/
RARA. Initial treatment of APL includes application 
of ATRA with or without additional chemotherapeutics 
or idarubicine. Tetraploidy with double translocation t 
(15,17) is an extremy rare finding. To our knowledge 
this is the 17th published case of tetraploid APL (3,4). 
 Clinical presentation of APL (with or without 
tetraploidy) is the same. It is characterized by sudden 
start of heavy hemorrhage associated with high risk of 
disseminated intravascular coagulopathy development 
(6). It seems that tetraploidy does not influence the 
inital treatment response in patients with tetraploidy 
with double translocation (7). Counting this case 
report 14 out of 17 patients had complete cytogenetic 
and hematological remission as a result of initial 
treatment using ATRA with or without additional 
chemotherapeutics. It seems that there is no positive 
correlation between age and long term outcome. 

49

Figure 1. Karyogram of tetraploid subclone of acute promyelocytic leukemia cells.

Figure 2. Fluorescence in situ hybridization analysis of tetraploid 
translocation t (15,17) (q21, q22) with PML/RARA probe. 
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Three patients at ages under 60 years died despite 
ATRA treatment, and on the other hand three patients 
above the ages of 50 and one patient at the age of 
68 achieved complete remission (4). Influence of 
additional chromosome anomalies (ACA) in long-term 
survival of the patients with non-tetraploid APL was 
analyzed and it was estimated that trisomy 8 is the most 
frequent ACA, but it was concluded that ACAs have no 
influence on treatment response or survival (8). 
 Counting this case report, until now only 17 case 
reports were published and 11 of them were patients 
from the Far East (Japan, China, Korea). Table 1 
summarizes the 17 cases of tetraploidy APL (3-5). 
Since there was no difference in therapy response or 
long-term survival between patients from Far East and 
other countries, that difference in patients distribution 
could be caused by publicational bias (4,5) especially 
if we take into account that only two case repotrs were 
published from Western hemisphere countries (4,9), 
and counting this case report, only two from Europe (5). 
What could be significant is that male sex could have 
greater risk for tetraploid APL development, since only 
1 out of 17 patients was a woman at the age of 50 (6). 
Complete remission was achieved in 14 out of 17 cases, 
but long-term survival of the patients with tetraploid 
APL compared to those with non-tetraploid APL seems 
to be lower, but for now the number of tetraploid APL 
patients is too low for any firm conclusions about long-
term survival.

4. Conclusion

We report the first case of tetraploid APL with double 
translocation t (15,17) in Europe. Based on the previous 
reports, APL with tetraploid karyotype appears to 
have a similar clinical outcome to diploid APL. 
Nevertheless, it is difficult to draw a firm conclusion in 
regards to the long-term prognosis of APL patients with 
a tetrapolid karyotype due to the very small number 
of such cases reported. We encourage others to report 
cases of tetraploidy APL in order to understand this rare 
cytogenetic subgroup better.
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A rare challenge in general surgery: double surgical procedure for 
large and small bowel obstruction in a patient with Gerstmann-
Sträussler-Scheinker syndrome
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Gerstmann-Sträussler-Scheinker syndrome, general surgery, bowel obstruction

Gerstmann-Sträussler-Scheinker syndrome (GSS) is a rare, infectious syndrome related to a mutation 
in the prion protein gene. Described here are the challenges posed by surgery for a patient with GSS. 
A 61-yr-old woman with GSS was admitted to this department and underwent surgery twice for large 
and small bowel obstruction. This is the first report of two major surgical procedures in a patient with 
GSS. Experiences with this case and precautions when using a disposable device during endotracheal 
intubation and a surgical procedure to manage a patient with GSS are described.

Gerstmann-Sträussler-Scheinker Syndrome (GSS) is 
a rare prion disease (PD). This familial (autosomal 
dominant), fatal neurodegenerative disease affects 
patients from 20 to 60 years of age and is related to a 
prion protein (PrP) mutation in the group of subacute 
spongiform encephalopathies (SEs) (1). Human 
SEs include Creutzfeldt-Jakob disease, GSS, Kuru, 
and fatal familial insomnia. GSS is characterized by 
amyloid deposition in the cerebral parenchyma or blood 
vessels (2). Symptoms include dysarthria, progressive 
cerebellar truncal ataxia, pyramidal signs, and adult-
onset dementia. Some studies have suggested that a 
PD might be transmitted by blood or plasma-derived 
products from patients during the prodromal stage. In 
animal studies, intracerebral inoculation of infected cells 
has been associated with development of disease, and 
infectivity was also detected in the blood (3). Given the 
lack of information, the resistance of PrP to conventional 
sterilizing measures is a major problem. Current 
recommendations are to identify at-risk patients and to 
use disposable devices during endotracheal intubation, 
spinal anesthesia, and surgery (4).
 A 61-yr-old woman was admitted to this Hospital 
for abdominal pain. At the age of 53, she complained 
of dysarthria, spastic paraparesis, cognitive decline, 
amyotrophy, depression, cerebellar ataxia, pseudo-bulbar 
palsy, and absent tendon reflexes in the lower limbs. 
Her father and sister had the same symptoms. A typical 
mutation of the 102nd amino acid (PRNP-p.D202N) and 

a drastic change were found in the normal prion gene. 
She was then diagnosed with classical GSS. Her Unified 
Parkinson's Disease Rating Scale III (UPDRSIII) score 
was 26 and her Hoehn and Yahr scale score was 3 (5). 
The patient was admitted to the emergency department 
for abdominal pain. Laboratory results revealed an 
increased white blood cell count (WBC) [14 × 109/L 
(NV 4–10 × 109] and elevated C-reactive protein (CRP) 
level [33.3 mg/L (NV < 1.0)]. A CT scan of the abdomen 
and thorax revealed sigmoid volvulus. The endoscopic 
evaluation confirmed sigmoid stenosis and mucosal 
necrosis. After an interview with the patient's caregivers 
who are actively present in the patient's life and fully 
dedicated to her medical and physical care and a 
consultation with anesthesiologists and physiotherapists, 
a plan was formulated to use general anesthesia with 
tracheal intubation in order to perform an explorative 
laparotomy.
 A volvulus of the dolichosigmoid colon with bowel 
obstruction and ischemia was detected intraoperatively. 
In order to avoid anastomotic complications, the 
patient underwent a Hartmann's resection with end-
colostomy. The highest level of protection was used 
during surgery. In addition to disposable masks and caps, 
all medical staff wore gowns and gloves. Disposable 
surgical instruments and anesthetic equipment were 
used. The scrub team was equipped with full personal 
protective equipment. The number of surgical, 
nursing, and anesthesia team members was limited to 
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the minimum required to perform the surgery. After 
confirming full recovery of muscle strength, double-
burst stimulation, and spontaneous eye opening, the 
tracheal tube was removed with no incidence of airway 
obstruction. She was admitted to the intensive care unit 
on day 1 postoperatively, where her vital signs were 
stable. She was extubated on day 1 postoperatively 
and a percutaneous mini-tracheostomy for pulmonary 
aspiration was performed. The postoperative course 
was uneventful. The patient underwent physiotherapy 
sessions and was discharged on day 6 postoperatively 
without complications.
 One year later, the patient was seen by the emergency 
department for small bowel occlusion. Blood tests revealed 
increased CRP [9 mg/L (NV < 1.0), WBC [12 109/L (NV 
4.0-9.0)] and plasma lactate (3.9 mmol/L). Neurological 
symptoms were stable and the level of home care was 
optimal. A second emergency laparotomy was performed, 
and small bowel ischemia due to ileal obstruction was 
detected intraoperatively. A small bowel resection was 
performed and an endoscopic gastrostomy (PEG) tube was 
placed for enteral nutrition. The same level of protection as 
in the first surgical procedure was used. The postoperative 
course was uneventful, and the patient was discharged on 
day 9 postoperatively with a permanent urinary catheter 
and PEG tube for enteral nutrition (Table 1).
There are no cases of a patient with GSS undergoing 
multiple abdominal surgeries under general anesthesia in 
the literature (according to a search for relevant articles 
on PubMed and Embase using the terms "GSS" OR 
"PD" AND "Surgery" (4)).
 The challenge in the surgical treatment of patients with 
GSS involves intra- and post-operative anesthesiological 
risks (e.g. airway obstruction, bronchospasm, or 
pneumonia), surgical risks (e.g. immobility, dysphagia, 
or impaired canalization), and risks of infection. PrP 
is present in the central nervous system, appendix, 
and lymphatic tissues and is resistant to inactivation 
by radiation, heat, or aggressive chemical treatments. 
Patients with GSS must be managed with specific 
precautions to prevent infections. 
 The feasibility of abdominal surgical procedures in 
patients with GSS cannot be determined based on this 
single case, despite its favorable outcome. Nonetheless, 
it indicates that surgery, with adequate caution, can be 
used to treat this complex condition. In conclusion: i) 
the patient must have family members or caregivers 
actively participating in post-operative management in 
the hospital and at home; ii) use of disposable equipment 
is mandatory to avoid the transmission of infection to 
medical staff; and iii) the increased risk of post-operative 
complications must be taken into account.
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Hyperphosphatemic familial tumoral calcinosis (HFTC) is an extremely rare autosomal recessive 
disorder caused by variants in the GALNT3 (N-acetylgalactosaminyltransferase 3), FGF23 (Fibroblast 
Growth Factor-23) and αKL (α-Klotho) genes, which results in progressive calcification of soft tissues. 
We describe the case of a 9-year-old girl who presented with recurrent hard nodular swellings on her 
feet and knees which intermittently discharged chalky white material. Her younger brother also had a 
similar condition. Both siblings showed hyperphosphatemia, but the parents’ biochemical parameters 
were normal. The histological features of the material aspirated from a skin lesion were consistent 
with tumoral calcinosis. Sanger sequencing identified a novel homozygous non-synonymous sequence 
variant in exon 10 of the GALNT3 gene (NM_004482.3:c.[1681T>A];[1681T>A], NP_004473.2:p.
[Cys561Ser];[Cys561Ser] in the proband and her affected brother. The parents were heterozygous 
carriers for the same sequence variant. In conclusion, we report a new variant in the GALNT3 gene that 
caused HFTC in a North Indian family. 

Hyperphosphatemic familial tumoral calcinosis (HFTC) 
is a rare disorder of phosphate metabolism caused by 
mutations in genes related to Fibroblast Growth Factor-23 
(FGF23), which include FGF23 itself, an FGF23-
glycosylating enzyme, N-acetylgalactosaminyltransfer
ase 3 (GALNT3), and the FGF23 co-receptor α-Klotho 
(αKL) (1). The altered gene function decreases FGF23 
synthesis or activity and causes increased renal tubular 
reabsorption of phosphate, thereby increasing blood 
calcium-phosphate product, which leads to predisposition 
for soft-tissue calcification (2). The most common 
manifestation of HFTC is calcinosis cutis, which appears 
clinically as firm, otherwise asymptomatic, white, 
yellowish or flesh-colored papules, plaques, or nodules. 
The clinical course is often associated with excretion of 
chalky material, pain, itching, ulceration, or infection of 
the lesions (1). 
 Only about 75 patients of genetically confirmed 
HTFC have been reported (1). The majority (about 80%) 
have mutations in the GALNT3 gene followed by the 

FGF23 gene (about 20%) and the KL gene (1). Most 
described patients were of African or Middle East origin, 
with few cases in Caucasians and Asians (1-6). Of about 
60 patients reported with the GALNT3 gene mutations, 
there is one report of two siblings from India (7).
 A 9-year-old girl presented with recurrent hard 
nodular swellings that intermittently discharged chalky 
white material. The first lesion was noticed at age 4 
years on the left knee, which gradually increased in size 
and ruptured spontaneously. Similar lesions appeared on 
the right knee and both feet over the next year. At age 5 
years, she underwent excision of foot lesions, and was 
subsequently referred to us for repeated recurrences. 
There were no dental problems, and pain or redness at 
the site of lesions. She belonged to a hilly hamlet of the 
North-Indian state of Himachal Pradesh and was born 
to non-consanguineous parents. There was no family 
history of such skin lesions. 
 Examination showed multiple,  small,  hard, 
non-tender masses on the feet and knees, along 
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with an incision scar on the left foot. Her dental, 
ophthalmological, and systemic examinations were 
normal. The results of laboratory investigations are 
shown in Table 1. The younger sibling also showed 
abnormal serum biochemical parameters (phosphorus 
8.1 mg/dL, calcium 8.7 mg/dL, alkaline phosphatase 
202 U/L) but normal parathyroid hormone levels 
(44.94 pg/mL). The parents' biochemistry was normal. 
Cytological examination of the thick cheese-like material 
aspirated from one of the skin lesions showed extensive 
amorphous calcified deposits with granular calcification 
and clusters of benign epithelial cells of adnexa. 
 All relevant ethical guidelines have been followed 
for data collection and reporting. We obtained consent 
and assent from parents and children respectively, 
and approval from the Departmental Review Board 
for reporting data. Genomic DNA was extracted 
from leucocytes in the peripheral blood of the 
children and their parents. The 10 coding exons 
(exons 2-11) of the GALNT3 gene were amplified 
by using PCR. Sanger sequencing identified a novel 
homozygous non-synonymous sequence variant 
in exon 10 of the GALNT3 gene (NM_004482.3:c.
[ 1 6 8 1 T > A ] ; [ 1 6 8 1 T > A ] ,  N P _ 0 0 4 4 7 3 . 2 : p .
[Cys561Ser];[Cys561Ser] in both affected siblings 
(Figure 1). The parents were heterozygous carriers for 
the same sequence variant (Figure 1). The detected 
variant is absent from > 251,000 control alleles of the 
gnomAD browser (http://gnomad.broadinstitute.org), 
which is comprised of exome and genome data from 
different populations (18,392 East Asian alleles and 
30,610 South Asian alleles). This is not published in 
the literature and has not been reported as clinically 
relevant in other patients. The c.1681T>A variant is 
predicted to result in substitution of an evolutionarily 
highly conserved amino acid that is possibly involved 
in the formation of an intramolecular disulfid bridge 
between amino acid Cys561 and Cys574 of the 

GALNT3 protein. Both children were placed on a 
low phosphate diet with aluminium hydroxide and 
sevelamer. The frequency of new lesions decreased 
and the serum phosphorus concentrations returned to 
normal levels. 
 About 40 pathogenic variants in the GALNT3 gene 
described so far include missense, nonsense, splice site 
and frameshift variants in addition to insertions and 
deletions (1-7). Our patients have a missense variant in the 
GALNT3 gene while both their parents are heterozygous, 
and hence, carriers for the disease. Pathogenic variants in 
the GALNT3 gene result in a defective GALNT3 protein 
that is unable to O-glycosylate FGF23 (2). Therefore, 
the FGF23 protein is readily cleaved into biologically 
inactive N-terminal and C-terminal fragments (c-FGF23). 
The loss of FGF23 activity leads to hyperphosphatemia 
typical of HFTC (1). The circulating concentrations 
of c-FGF23 are increased whereas the intact FGF23 
(i-FGF23) remains low or inappropriately normal for the 
level of hyperphosphatemia (1). 
 Differential diagnoses of HFTC include progressive 
osseous heteroplasia, Cole disease, benign tumoral 
calcinosis, porphyria cutanea tarda, normophosphatemic 
FTC, fibrodysplasia ossificans progressiva, iatrogenic 
tumoral calcinosis and connective tissue disease-
associated tumoral calcinosis,  which all  have 
normophosphatemia (1,8). Very rarely, cutaneous 
or tendinous xanthomas of homozygous familial 
hypercholesterolemia needs differentiation from HFTC 
lesions (9,10). Diagnoses of chronic renal failure and 
pseudohypoparathyroidism were excluded, in our 
patient, using appropriate biochemical and hormonal 
investigations.
 The phenotypic variability in HFTC is well known 
(4). Family members, in particular siblings, with the 
same GALNT3 pathogenic variants, genetic background, 
and similar biochemical parameters may show marked 
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Table 1. Results of laboratory investigations of the index 
patient
Parameter

Serum phosphorus
Serum calcium
Alkaline phosphatase
Serum creatinine
Parathyroid hormone
Plasma c-FGF23
25-hydroxyvitamin D
1, 25-dihydroxyvitamin D
Total leucocyte count
ESR
C-reactive protein
Renal TRP
TmP/GFR ratio

Reference range

4.5-5.6 mg/dL
9-11 mg/dL
50-160 U/L
0.3-0.8 mg/dL
10-65 pg/mL
Upto 125 RU/mL
20-100 ng/mL
50-150 nmol/L
4,000-11,000/mm3
0-20 mm/hr
< 0.5 mg/dL
> 85%
2.9-6.5 mg/dL

Patient's value

7.5 mg/dL
9.0 mg/dL
216 U/L
0.5 mg/dL
23.77 pg/mL
2612.7 RU/mL
11.9 ng/mL
68 nmol/L
8,800/mm3
10 mm/hr
1.2 mg/dL
88% 
3.0 mg/dL

c-FGF23, c-terminal fibroblast growth factor 23; ESR, erythrocyte 
sedimentation rate; TmP/GFR, tubular maximum reabsorption of 
phosphorus/glomerular filtration rate; TRP, tubular reabsorption of 
phosphate.

Figure 1. Mutation analysis of the GALNT3 gene in two affected 
siblings and their parents. The mutation is indicated above the 
electropherograms. The affected patients are homozygous for a non 
synonymous sequence variant in exon 10 of the GALNT3 gene. The 
parents are heterozygous carriers.
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variation in disease severity and clinical course (4). 
The younger sibling of our proband showed milder 
manifestations and disease course.
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Extramammary Paget's disease (EMPD) is a cancer of the anogenital epithelium. Its origin has been 
variously attributed to keratinocytes or to Toker cells. Slides of 3 advanced cases of EMPD were 
incubated with trypsin to retrieve antigens. The slides were then stained with rabbit polyclonal anti-
carcinoembryonic antigen to mark Paget cells and mouse monoclonal anti-cytokeratin 10 to mark 
keratinocytes. Several cells in each case stained with both the Paget cell marker and the keratinocyte 
marker. The presence of cells with both markers shows that Paget cells originate from keratinocytes. 
The presence of pre-Paget cells in advanced cases of EMPD shows that Paget cells are continuously 
recruited from keratinocytes.

Extramammary Paget's disease (EMPD) is a cancer 
that arises in the epidermis of the anogenital region and 
expands and migrates in the epidermis before invading 
the dermis (1). Its incidence has increased during the last 
generation (2). 
 Toker cells, which resemble Paget cells, have been 
suggested as the source of EMPD (3), but they are not 
seen in most cases of EMPD (4). There have been several 
observations of a few cells with the morphology of 
keratinocytes that do express a Paget cell marker in cases 
of EMPD (5,6). None of these observations provided 
histochemical evidence that the rare cells with Paget cell 
markers were keratinocytes.
 Cytokeratin 10 (CK10) is a keratinocyte marker 
which has not been observed in Paget cells (7). 
Carcinoembryonic antigen (CEA), recently renamed 
CD66e, is a Paget cell marker which is never expressed 
in normal epidermis (8).
 Mounted formalin-fixed paraffin-embedded 
sections of 3 cases of EMPD, 2 in the labium majus 
and 1 in the hood of the clitoris, were obtained from the 
Cooperative Human Tissue Network. Antigens were 
retrieved by exposure to 0.05% trypsin for 20 min at 
37oC. Nonspecific antibodies were blocked by 30 min 
incubation in 2.5% normal horse serum. The tissue was 
incubated overnight in a 1:1 mixture of 1/20 mouse 
monoclonal anti-CK10 (Genetex GTX21421) and 1/100 
rabbit polyclonal anti-CD66e (GTX108732) in PBS. 
The tissue was stained with Duett conjugated secondary 
antibody mixture (Vector Labs MP-7724), DAB, and 

Vector Red.
 There were many areas of confluent Paget cells, 
but there were also areas of morphologically normal 
keratinocytes. All keratinocytes expressed CK10. 
Almost all Paget cells expressed carcinoembryonic 
antigen. A few morphologically normal keratinocytes 
expressed both CK10 and CEA (Figure 1 and Figure 
2). These cells are so few in number that they are 
easily missed (Figure 1). Rarely, cells expressing both 
CK10 and CEA were too close to round for normal 
keratinocytes (Figure 3).
 The presence of cells expressing both CK10 and 
CEA in these cases proves that at least some cases of 
EMPD originate from keratinocytes. Cells expressing 
both markers must be pre-Paget cells. This conclusion 
is reinforced by the presence of rare cells expressing 
both markers that are intermediate in shape between 
keratinocytes and Paget cells (Figure 3). 
 The presence of pre-Paget cells in advanced cases of 
EMPD shows that malignant changes occur repeatedly 
in EMPD rather than in just a single progenitor cell. 
This can lead to multfocal extramammary Paget's 
disease (1,9).
 While the expression of carcinoembryonic antigen 
may not be the first step in the malignant transformation 
of a keratinocyte in EMPD, it seems to be an essential 
step (10). The fact that most cells expressing both 
CK10 and CEA have the morphology of keratinocytes 
suggests that the expression of CEA is an early step. 
The expression of carcinoembryonic antigen probably 
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blocks differentiation of keratinocytes just as it blocks 
differentiation of myoblasts (10). 
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Figure 1. EMPD of the labium majus. Two pre-Paget cells (solid 
arrows) are present in the lower epidermis. Cytokeratin 10 (CK 10) 
stained with diaminobenzidine (DAB); carcinoembryonic antigen 
(CEA) stained with Vector Red.

Figure 2. EMPD of the clitoridal hood. One pre-Paget cell is in the 
basal epidermis; a second is in the stratum spinosum (hollow arrows). 
CK10 stained with DAB; CEA stained with Vector Red.

Figure 3. EMPD of the labium majus. A pre-Paget cell in the upper 
epidermis has almost completed its transition to a Paget cell. CK10 
stained with DAB; CEA stained with Vector Red.
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Rare diseases pose unique challenges to health care delivery. In August 2016, the West China 
Hospital of Sichuan University (WCHSU) established a rare diseases center. This center has created 
a multidisciplinary team of rare disease experts. The center provides expedited pathways online and 
offline for patients with rare diseases to save them time and money, to improve their experience, and 
to increase the hospital's efficiency. At the same time, the center regularly organizes public education 
campaigns and it offers free consultations to enhance awareness of rare diseases. Establishment 
of the rare disease alliance and facilitation of 5G-based remote multi-disciplinary consultations 
will help to improve the level of diagnosis and treatment and to solve problems with diagnosis and 
treatment encountered by local patients with rare diseases. WCHSU's rare diseases center has been 
feasible, acceptable, and effective in Western China and it should benefit patients, doctors, and 
hospitals. The center should lead to significant improvements in treatment for patients with rare 
diseases. The successful establishment of a rare diseases center here may be a useful reference for 
other parts of the world.

Rare diseases refer to diseases with a very low 
prevalence. There are more than 7,000 rare diseases 
recognized internationally, accounting for about 10% 
of human diseases; 80% of rare diseases are genetic, 
and 50 to 60% occur in childhood (1-3). Because of 
the large number of people affected, patients with rare 
diseases are actually "not rare" in China (4). Due to 
the complex etiology, heterogeneous symptoms, and 
the limited forms of examinations, rare diseases are 
often undiagnosed and there are few treatment options 
(5). Other challenges include a lack of information 
and resources, the financial cost of care, and difficulty 
in accessing appropriate medical expertise, which is 
compounded by a lack of specialist training programs 
for medical professionals (6). The current situation 
needs to be improved urgently (7). 
 In August 2016, the West China Hospital of Sichuan 
University (WCHSU) established a rare diseases center 
in order to provide better medical care for patients with 
rare diseases in Southwest China and better treatments 
and therapies for patients with rare diseases in China. 
WCHSU is a prestigious and well-known medical center 
located in the City of Chengdu, Sichuan Province. This 
is the first medical facility to establish a rare diseases 
center among hospitals in China. The center has created 

a team of multidisciplinary rare diseases experts, devised 
procedures for center operations, and provided patients 
with rare diseases with an expedited pathway for faster 
diagnosis and treatment. Specialists specifically provide 
patients with one-stop care.
 In February 2018, the center officially launched an 
online rare disease platform to disseminate information 
about rare diseases and to facilitate remote diagnosis and 
treatment – "Huaxi Rare Diseases," the center's official 
WeChat account. This is the first online platform built 
specifically for patients with rare diseases in Chinese 
hospitals. The platform's features include submission 
of applications for diagnosis and treatment of rare 
diseases, online consultations, introductions to experts 
in various departments, a rare disease encyclopedia, and 
special medical treatments. Patients with rare diseases 
can submit diagnosis and treatment applications on the 
platform. If the patient's application is approved, the 
center will make an appointment with a specialist clinic 
for the patient. In addition, doctors also provide patients 
with online outpatient diagnosis and treatment services 
through video and audio online so that patients with rare 
diseases can see a doctor without leaving home.
In November 2018, the center took the lead by 
establishing the Rare Disease Committee of the 

Letter
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Sichuan Medical Association. The committee regularly 
provides continuing education to doctors to promote and 
encourage the spread of new technologies, new drugs, 
and new findings related to the diagnosis and treatment 
of rare diseases. The committee also regularly organizes 
public education campaigns in order to disseminate 
medical information about rare diseases, to improve the 
public's awareness and level of self-care, to standardize 
the treatment of patients with rare diseases, to provide 
more information to patients with rare diseases and their 
families, to encourage a positive attitude among patients 
with rare diseases, and to improve their quality of life.
 In February 2020, the hospital launched a new 5G 
web-based, real-time video telemedicine system for 
consultations. A multidisciplinary team deals with cases 
of rare diseases to serve patients and to help improve 
the level of diagnosis and treatment. The hospital plans 
to coordinate with hospitals at all levels to regularly 
conduct remote rare disease consultations and case 
discussions.
 From August 2016 to February 2020, the center 
helped a total of 1,185 patients with rare diseases on-
site, and it provided assistance to 2,169 including patient 
registration and admission to hospital. Two campaigns 
online reached more than 60,000 people. The WeChat 
account has 7,531 followers, it has published a total of 
81 messages on rare diseases, and its messages have 
been read 100,209 times, with an average of 1,237 
times per article. The online platform has received 866 
patient applications, including 431 patients with rare 
diseases and 435 patients who do not meet the center's 
requirements. Of the 431 patients with rare diseases 

who applied for diagnosis and treatment online, 306 
(71.0%) visited offline. Submitting an application via 
the platform to a consultation offline takes 0-7 days, 
and the average time to a consultation is 4.31 ± 2.18 
days. The rare disease committee has organized three 
large-scale academic conferences on rare diseases to 
describe the latest advances in clinical and scientific 
research on rare diseases to more than 3,000 people, and 
it has organized more than 80 public events and free 
clinic visits. In February 2020, a survey of 100 patients 
with rare diseases and 50 doctors at primary hospitals 
and this hospital found that all of the respondents were 
100% satisfied with the center.
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1. Scope of Articles

Intractable & Rare Diseases Research (Print ISSN 2186-3644, 
Online ISSN 2186-361X) is an international peer-reviewed 
journal. Intractable & Rare Diseases Research devotes to 
publishing the latest and most significant research in intractable 
and rare diseases. Articles cover all aspects of intractable and 
rare diseases research such as molecular biology, genetics, 
clinical diagnosis, prevention and treatment, epidemiology, 
health economics, health management, medical care system, 
and social science in order to encourage cooperation and 
exchange among scientists and clinical researchers.

2. Submission Types

Original Articles should be well-documented, novel, and 
significant to the field as a whole. An Original Article should 
be arranged into the following sections: Title page, Abstract, 
Introduction, Materials and Methods, Results, Discussion, 
Acknowledgments, and References. Original articles should 
not exceed 5,000 words in length (excluding references) and 
should be limited to a maximum of 50 references. Articles may 
contain a maximum of 10 figures and/or tables. Supplementary 
Data are permitted but should be limited to information that 
is not essential to the general understanding of the research 
presented in the main text, such as unaltered blots and source 
data as well as other file types.

Brief Reports definitively documenting either experimental 
results or informative clinical observations will be considered 
for publication in this category. Brief Reports are not intended 
for publication of incomplete or preliminary findings. Brief 
Reports should not exceed 3,000 words in length (excluding 
references) and should be limited to a maximum of 4 figures 
and/or tables and 30 references. A Brief Report contains the 
same sections as an Original Article, but the Results and 
Discussion sections should be combined.

Reviews should present a full and up-to-date account of recent 
developments within an area of research. Normally, reviews 
should not exceed 8,000 words in length (excluding references) 
and should be limited to a maximum of a maximum of 10 
figures and/or tables and 100 references. Mini reviews are 
also accepted, which should not exceed 4,000 words in length 
(excluding references) and should be limited to a maximum of 
5 figures and/or tables and 50 references.

Policy Forum articles discuss research and policy issues in 
areas related to life science such as public health, the medical 
care system, and social science and may address governmental 
issues at district, national, and international levels of discourse. 
Policy Forum articles should not exceed 3,000 words in length 
(excluding references) and should be limited to a maximum of 
5 figures and/or tables and 30 references.

Case Reports should be detailed reports of the symptoms, 
signs, diagnosis, treatment, and follow-up of an individual 

patient. Case reports may contain a demographic profile of the 
patient but usually describe an unusual or novel occurrence. 
Unreported or unusual side effects or adverse interactions 
involving medications will also be considered. Case 
Reports should not exceed 3,000 words in length (excluding 
references) and should be limited to a maximum of 5 figures 
and/or tables and 30 references.

Communications are short, timely pieces that spotlight new 
research findings or policy issues of interest to the field of 
global health and medical practice that are of immediate 
importance. Depending on their content, Communications 
will be published as "Comments" or "Correspondence". 
Communications should not exceed 1,500 words in length 
(excluding references) and should be limited to a maximum of 
2 figures and/or tables and 20 references.

Editorials are short, invited opinion pieces that discuss an 
issue of immediate importance to the fields of global health, 
medical practice, and basic science oriented for clinical 
application. Editorials should not exceed 1,000 words in length 
(excluding references) and should be limited to a maximum of 
10 references. Editorials may contain one figure or table.

News articles should report the latest events in health sciences 
and medical research from around the world. News should not 
exceed 500 words in length.

Letters should present considered opinions in response to 
articles published in Intractable & Rare Diseases Research in 
the last 6 months or issues of general interest. Letters should 
not exceed 800 words in length and may contain a maximum 
of 10 references. Letters may contain one figure or table.

3. Editorial Policies

For publishing and ethical standards, Intractable & 
Rare Diseases Research follows the Recommendations 
for the Conduct, Reporting, Editing, and Publication of 
Scholarly Work in Medical Journals (http://www.icmje.org/
recommendations) issued by the International Committee 
of Medical Journal Editors (ICMJE), and the Principles of 
Transparency and Best Practice in Scholarly Publishing 
(https://doaj.org/bestpractice) jointly issued by the Committee 
on Publication Ethics (COPE), the Directory of Open Access 
Journals (DOAJ), the Open Access Scholarly Publishers 
Association (OASPA), and the World Association of Medical 
Editors (WAME).

Intractable & Rare Diseases Research will perform an 
especially prompt review to encourage innovative work. All 
original research will be subjected to a rigorous standard of 
peer review and will be edited by experienced copy editors to 
the highest standards.

Ethics: Intractable & Rare Diseases Research requires that 
authors of reports of investigations in humans or animals 
indicate that those studies were formally approved by a relevant 
ethics committee or review board. For research involving 
human experiments, a statement that the participants gave 
informed consent before taking part (or a statement that it was 
not required and why) should be indicated. Authors should 
also state that the study conformed to the provisions of the 
Declaration of Helsinki (as revised in 2013). When reporting 
experiments on animals, authors should indicate whether 
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the institutional and national guide for the care and use of 
laboratory animals was followed.

Conflict of Interest: All authors are required to disclose 
any actual or potential conflict of interest including financial 
interests or relationships with other people or organizations 
that might raise questions of bias in the work reported. If no 
conflict of interest exists for each author, please state "There is 
no conflict of interest to disclose".

Submission Declaration: When a manuscript is considered 
for submission to Intractable & Rare Diseases Research, the 
authors should confirm that 1) no part of this manuscript is 
currently under consideration for publication elsewhere; 2) this 
manuscript does not contain the same information in whole or 
in part as manuscripts that have been published, accepted, or 
are under review elsewhere, except in the form of an abstract, 
a letter to the editor, or part of a published lecture or academic 
thesis; 3) authorization for publication has been obtained from 
the authors' employer or institution; and 4) all contributing 
authors have agreed to submit this manuscript.

Cover Letter: The manuscript must be accompanied by a 
cover letter prepared by the corresponding author on behalf 
of all authors. The letter should indicate the basic findings 
of the work and their significance. The letter should also 
include a statement affirming that all authors concur with the 
submission and that the material submitted for publication has 
not been published previously or is not under consideration for 
publication elsewhere. The cover letter should be submitted 
in PDF format. For example of Cover Letter, please visit: 
Download Centre (https://www.irdrjournal.com/downcentre).

Copyright: When a manuscript is accepted for publication in 
Intractable & Rare Diseases Research, the transfer of copyright 
is necessary. A JOURNAL PUBLISHING AGREEMENT 
(JPA) form will be e-mailed to the authors by the Editorial 
Office and must be returned by the authors as a scan. Only 
forms with a hand-written signature are accepted. This copyright 
will ensure the widest possible dissemination of information. 
Please note that your manuscript will not proceed to the next 
step in publication until the JPA Form is received. In addition, 
if excerpts from other copyrighted works are included, the 
author(s) must obtain written permission from the copyright 
owners and credit the source(s) in the article.

Peer Review: Intractable & Rare Diseases Research uses 
single-blind peer review, which means that reviewers know 
the names of the authors, but the authors do not know who 
reviewed their manuscript. The external peer review is 
performed for research articles by at least two reviewers, and 
sometimes the opinions of more reviewers are sought. Peer 
reviewers are selected based on their expertise and ability 
to provide high quality, constructive, and fair reviews. For 
research manuscripts, the editors may, in addition, seek the 
opinion of a statistical reviewer. Consideration for publication 
is based on the article’s originality, novelty, and scientific 
soundness, and the appropriateness of its analysis. 

Suggested Reviewers: A list of up to 3 reviewers who are 
qualified to assess the scientific merit of the study is welcomed. 
Reviewer information including names, affiliations, addresses, 
and e-mail should be provided at the same time the manuscript 
is submitted online. Please do not suggest reviewers with 
known conflicts of interest, including participants or anyone 

with a stake in the proposed research; anyone from the same 
institution; former students, advisors, or research collaborators 
(within the last three years); or close personal contacts. Please 
note that the Editor-in-Chief may accept one or more of the 
proposed reviewers or may request a review by other qualified 
persons.

Language Editing: Manuscripts prepared by authors whose 
native language is not English should have their work proofread 
by a native English speaker before submission. If not, this 
might delay the publication of your manuscript in Intractable 
& Rare Diseases Research.

The Editing Support Organization can provide English 
proofreading, Japanese-English translation, and Chinese-
English translation services to authors who want to publish 
in Intractable & Rare Diseases Research and need assistance 
before submitting a manuscript. Authors can visit this 
organization directly at http://www.iacmhr.com/iac-eso/
support.php?lang=en. IAC-ESO was established to facilitate 
manuscript preparation by researchers whose native language 
is not English and to help edit works intended for international 
academic journals.

4. Manuscript Preparation

Manuscripts are suggested to be prepared in accordance with 
the "Recommendations for the Conduct, Reporting, Editing, 
and Publication of Scholarly Work in Medical Journals", as 
presented at http://www.ICMJE.org.

Manuscripts should be written in clear, grammatically correct 
English and submitted as a Microsoft Word file in a single-
column format. Manuscripts must be paginated and typed in 
12-point Times New Roman font with 24-point line spacing. 
Please do not embed figures in the text. Abbreviations should 
be used as little as possible and should be explained at first 
mention unless the term is a well-known abbreviation (e.g. 
DNA). Single words should not be abbreviated.

Title page: The title page must include 1) the title of the paper 
(Please note the title should be short, informative, and contain 
the major key words); 2) full name(s) and affiliation(s) of the 
author(s), 3) abbreviated names of the author(s), 4) full name, 
mailing address, telephone/fax numbers, and e-mail address 
of the corresponding author; and 5) conflicts of interest (if 
you have an actual or potential conflict of interest to disclose, 
it must be included as a footnote on the title page of the 
manuscript; if no conflict of interest exists for each author, 
please state "There is no conflict of interest to disclose"). 
Please visit Download Centre and refer to the title page of the 
manuscript sample.

Abstract: The abstract should briefly state the purpose of the 
study, methods, main findings, and conclusions. For articles 
that are Original Articles, Brief Reports, Reviews, Policy 
Forum articles, or Case Report, a one-paragraph abstract 
consisting of no more than 250 words must be included in the 
manuscript. For Communications, Editorials, News, or Letters, 
a brief summary of main content in 150 words or fewer should 
be included in the manuscript. Abbreviations must be kept to a 
minimum and non-standard abbreviations explained in brackets 
at first mention. References should be avoided in the abstract. 
Three to six key words or phrases that do not occur in the title 
should be included in the Abstract page.
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European case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):
Shalev AY. Post-traumatic stress disorder: Diagnosis, history 
and life course. In: Post-traumatic Stress Disorder, Diagnosis, 
Management and Treatment (Nutt DJ, Davidson JR, Zohar J, 
eds.). Martin Dunitz, London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):

World Health Organization. The World Health Report 2008 – 
primary health care: Now more than ever. http://www.who.int/
whr/2008/whr08_en.pdf (accessed September 23, 2010).

Tables: All tables should be prepared in Microsoft Word or 
Excel and should be arranged at the end of the manuscript 
after the References section. Please note that tables should 
not in image format. All tables should have a concise title and 
should be numbered consecutively with Arabic numerals. If 
necessary, additional information should be given below the 
table.

Figure Legend: The figure legend should be typed on a 
separate page of the main manuscript and should include a 
short title and explanation. The legend should be concise but 
comprehensive and should be understood without referring 
to the text. Symbols used in figures must be explained. Any 
individually labeled figure parts or panels (A, B, etc.) should 
be specifically described by part name within the legend.

Figure Preparation: All figures should be clear and cited 
in numerical order in the text. Figures must fit a one- or two-
column format on the journal page: 8.3 cm (3.3 in.) wide for 
a single column, 17.3 cm (6.8 in.) wide for a double column; 
maximum height: 24.0 cm (9.5 in.). Please make sure that 
the symbols and numbers appeared in the figures should be 
clear. Please make sure that artwork files are in an acceptable 
format (TIFF or JPEG) at minimum resolution (600 dpi for 
illustrations, graphs, and annotated artwork, and 300 dpi for 
micrographs and photographs). Please provide all figures as 
separate files. Please note that low-resolution images are one 
of the leading causes of article resubmission and schedule 
delays.

Units and Symbols: Units and symbols conforming to 
the International System of Units (SI) should be used for 
physicochemical quantities. Solidus notation (e.g. mg/kg, 
mg/mL, mol/mm2/min) should be used. Please refer to the SI 
Guide www.bipm.org/en/si/ for standard units.

Supplemental data: Supplemental data might be useful 
for supporting and enhancing your scientific research and 
Intractable & Rare Diseases Research accepts the submission 
of these materials which will be only published online 
alongside the electronic version of your article. Supplemental 
files (figures, tables, and other text materials) should be 
prepared according to the above guidelines, numbered in 
Arabic numerals (e.g., Figure S1, Figure S2, and Table S1, 
Table S2) and referred to in the text. All figures and tables 
should have titles and legends. All figure legends, tables and 
supplemental text materials should be placed at the end of 
the paper. Please note all of these supplemental data should 
be provided at the time of initial submission and note that 
the editors reserve the right to limit the size and length of 
Supplemental Data.

Introduction: The introduction should be a concise statement 
of the basis for the study and its scientific context.

Materials and Methods: The description should be brief 
but with sufficient detail to enable others to reproduce 
the experiments. Procedures that have been published 
previously should not be described in detail but appropriate 
references should simply be cited. Only new and significant 
modifications of previously published procedures require 
complete description. Names of products and manufacturers 
with their locations (city and state/country) should be given 
and sources of animals and cell lines should always be 
indicated. All clinical investigations must have been conducted 
in accordance with Declaration of Helsinki principles. All 
human and animal studies must have been approved by 
the appropriate institutional review board(s) and a specific 
declaration of approval must be made within this section.

Results: The description of the experimental results should 
be succinct but in sufficient detail to allow the experiments 
to be analyzed and interpreted by an independent reader. 
If necessary, subheadings may be used for an orderly 
presentation. All figures and tables must be referred to in the 
text.

Discussion: The data should be interpreted concisely without 
repeating material already presented in the Results section. 
Speculation is permissible, but it must be well-founded, 
and discussion of the wider implications of the findings is 
encouraged. Conclusions derived from the study should be 
included in this section.

Acknowledgments: All funding sources should be credited 
in the Acknowledgments section. In addition, people who 
contributed to the work but who do not meet the criteria for 
authors should be listed along with their contributions.

References: References should be numbered in the order in 
which they appear in the text. Citing of unpublished results, 
personal communications, conference abstracts, and theses in 
the reference list is not recommended but these sources may 
be mentioned in the text. In the reference list, cite the names 
of all authors when there are fifteen or fewer authors; if there 
are sixteen or more authors, list the first three followed by 
et al. Names of journals should be abbreviated in the style 
used in PubMed. Authors are responsible for the accuracy 
of the references. The EndNote Style of Intractable & Rare 
Diseases Research could be downloaded at EndNote (https://
www.irdrjournal.com/examples/Intractable_Rare_Diseases_
Research.ens).

Examples are given below:

Example 1 (Sample journal reference):

Inagaki Y, Tang W, Zhang L, Du GH, Xu WF, Kokudo N. 
Novel aminopeptidase N (APN/CD13) inhibitor 24F can 
suppress invasion of hepatocellular carcinoma cells as well as 
angiogenesis. Biosci Trends. 2010; 4:56-60.

Example 2 (Sample journal reference with more than 15 
authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of 
lung cancer: Collaborative analysis of individual data from 13 
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5. Submission Checklist

The Submission Checklist will be useful during the final 
checking of a manuscript prior to sending it to Intractable & 
Rare Diseases Research for review. Please visit Download 
Centre and download the Submission Checklist file.

6. Online Submission

Manuscripts should be submitted to Intractable & Rare 
Diseases Research online at https://www.irdrjournal.com. The 
manuscript file should be smaller than 5 MB in size. If for any 
reason you are unable to submit a file online, please contact the 
Editorial Office by e-mail at office@irdrjournal.com

7. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be sent to the 
corresponding author via e-mail. Corrections must be returned 
to the editor (office@irdrjournal.com) within 3 working days.

Offprints: Authors will be provided with electronic offprints 
of their article. Paper offprints can be ordered at prices quoted 
on the order form that accompanies the proofs.

Page Charge: No page charges will be levied to authors for 
the publication of their article except for reprints.

Misconduct: Intractable & Rare Diseases Research takes 
seriously all allegations of potential misconduct and adhere to 
the ICMJE Guideline (http://www.icmje.org/recommendations) 
and COPE Guideline (http://publicationethics.org/files/Code_
of_conduct_for_journal_editors.pdf). In cases of suspected 
research or publication misconduct, it may be necessary 
for the Editor or Publisher to contact and share submission 
details with third parties including authors’ institutions and 
ethics committees. The corrections, retractions, or editorial 
expressions of concern will be performed in line with above 
guidelines.
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