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Abstract
Background: Fanconi-Bickel syndrome (FBS) is a rare condition of carbohydrate metabolism, caused by a recessive defect
in the facilitative glucose transporter GLUT2 encoded by the SLC2A2 gene and characterized by a wide spectrum of
phenotypical features. There is a paucity of reported data on FBS from Sub-Saharan Africa. Here, we describe the clinical,
biochemical and genetic characteristics of our patients with FBS from Sudan, a country with a high consanguinity rate.
Patients & methods: Eleven patients from ten unrelated Sudanese families were included. Clinical & biochemical data
were documented and imaging studies done including bone survey and abdominal ultrasound. Liver biopsy was done to
confirm the pathological diagnosis in 45% of cases and molecular genetics was performed through contribution with the
Exeter genomics laboratory for ten patients.
Results: Reported consanguinity was 70% among our patients. Growth was significantly impaired at presentation with
mean weights of (-5.3 ± 1.8) SD and heights (-5.4 ± 2.5) SD. Severe chest deformity was present in (27%) and all patients
showed features of rickets at presentation. Three patients had neonatal diabetes requiring insulin therapy of which one has
been reported before. Six families lost undiagnosed siblings with similar clinical presentations. We identified a total of four
homozygous pathogenic SLC2A2 variants in our patients, one of whom had a novel mutation.
Conclusions: FBS is not uncommon in Sudan where there is a high rate of consanguinity. Many cases are likely missed
because of variable presentation and lack of public and professionals’ awareness. This is the first series to describe this
condition from Sub-Saharan Africa.
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Introduction
Fanconi-Bickel Syndrome (FBS; OMIM 227,810), is a rare
autosomal recessive disorder of carbohydrate metabolism
which was first described by Fanconi and Bickel in 1949
when they identified a combination of tubular nephropathy
and glycogen storage disease in a Swiss boy [1]. It is characterized by hepato-renal accumulation of glycogen, proximal
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renal tubular dysfunction, and impaired utilization of glucose and galactose due to defect in the glucose transporter
GLUT2 encoded by SLC2A2 [2]. Common features at presentation include failure to thrive, protuberant abdomen &
hepatomegaly secondary to glycogen accumulation, glucose,
and galactose intolerance, fasting hypoglycaemia and postprandial hyperglycemia, proximal tubular nephropathy as
evidenced by glycosuria, phosphaturia, aminoaciduria and
hypophosphatemia leading to subsequent features of rickets
[3]. Presentation is heterogeneous making a clinical diagnosis challenging, especially where healthcare resources are
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scarce. As presentation is varied, a high index of suspicion
is needed to diagnose these cases. It is mainly based on the
clinical symptoms, radiological and biochemical features of
rickets, laboratory data of renal tubular dysfunction, and resultant metabolic acidosis and accumulation of glycogen on
the liver or renal biopsy. The clinical diagnosis is confirmed
by the presence of a pathogenic variant in SLC2A2. Treatment is largely supportive and pointed towards the management of rickets, acid-base disturbances, and glucose
metabolism.
Many scattered cases have been reported worldwide
from different ethnic groups, but little is known about
cases from Sub-Saharan Africa [4]. This is the first series
to be reported from Sudan since the first case with neonatal diabetes was published [5]. In this series, we aimed
to describe the clinical and biochemical features of FBS
at presentation as well as genetic mutations.

Patients and methods
This was a cross-sectional, descriptive hospital-based
study. Records of all patients who were diagnosed as having FBS in the paediatric endocrinology and gastroenterology units at Gaafar Ibn Auf Children Teaching Hospital
in Khartoum, the capital city, were reviewed. This is the
main tertiary care centre for Sudan which gets referrals
from all over the country. Data including age, sex, ethnic
group, clinical presentation, laboratory, and radiological
findings as well as liver biopsy findings to confirm the
pathological diagnosis were obtained in addition to the
management. Genetic testing was done in the University
of Exeter UK Genomic laboratory for all patients except
one who had a suggestive clinical and biochemical features
supported by characteristic findings on liver biopsy. The
study was approved by the hospital’s ethical committee
and written consent was obtained from the parents.
Genetic testing

Genetic testing was undertaken on purified whole bloodderived DNA either by Sanger sequencing of all coding
and flanking intronic regions of SLC2A2 (NM_000340), or
by targeted Next-Generation Sequencing of all coding and
flanking intronic regions of SLC2A2 as part of a panel of
genes causing monogenic diabetes (full information available at www.diabetesgenes.org). SLC2A2 variants identified were assessed against the American College of
Medical Genetics guidelines for variant interpretation.

Results
The clinical and genetic findings are summarized in Table 1.

Clinical findings

Eleven patients were enrolled in this series, from whom
two were siblings. The mean age of symptom onset was
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3.2 1.8 months (range 1.07.0), while the mean age at
diagnosis was 10.3 9.4 months (range 2.036.0). Reported
consanguinity was (70%) and all families originated from
Afro-Asian tribes in Western Sudan where there is a high
rate of consanguineous marriages. Abdominal distension
was the main concern that brought all the children to
medical attention (100%), followed by polyuria which was
the earliest symptoms to be noticed by parents in 8 patients (82%). Delayed dentition and chest deformities were
among the other chief complaints. Family history was significantly positive for the same features of FBS and six
families had one or two siblings who died undiagnosed.
Growth was significantly impaired in almost all patients
with mean weights (5.31.8) SD and heights 5.42.5) SD.
The birth weight was documented to be low in 54% of patients (mean 2.20.1 Kg), and considered to be low in the
rest according to their parents as these patients delivered
at home, however, one had a normal birth weight.
Features of rickets were prominent at presentation and
severe chest deformity was present in three patients while
severe abdominal distention was evident in all patients at
presentation. The liver enlargement was clinically documented in all patients and later confirmed by abdominal
ultrasound. Bone profile showed features of hypophosphatemic rickets with normal calcium (mean 9.6 ± 1.3), (NR =
8-10.5), low phosphate (mean 2.2 mg ± 0.46) (NR = 2.7–
4.8) and high alkaline phosphatase (mean 1450.4 ± 612 U/
L) (NR = 104-345). Metabolic acidosis was confirmed in all
patients at presentation and eight patients (73%) showed
different degrees of glycosuria and mild proteinuria. Galactose level was not checked. Six patients (54%) had fasting
hypoglycemia (mean FBG 52.67 ± 21.8) mg/dl (NR = 7099) and eight (73%) showed postprandial hyperglycemia
(mean PPG 247.7 ± 92) mg/dl (NR up to 140). In three of
these, the age was 6 months or less at presentation indicating neonatal diabetes. A clinical diagnosis of FBS was made
for all patients and then confirmed by liver biopsy in 45%
of patients showing glycogen accumulation (Fig. 1). Patients
were treated with oral phosphate and vitamin D for hypophosphatemic rickets and oral bicarbonate solution for
acidosis. Corn starch was added for all patients at diagnosis
to prevent morning hypoglycemia while small doses of
NPH insulin were given to treat diabetes.

Genetic analysis results

We identified a total of 4 homozygous pathogenic SLC2A2
variants in the 10 individuals where genetic testing was possible (Table 1). The p.(Arg53Ter) nonsense variant was
identified in 6 individuals from 6 families (Patients 1, 3, 4,
8, 9 and 10). This variant results in a premature termination
codon in exon 3/11 and therefore the likely loss of GLUT2
expression via nonsense-mediated decay. An additional
nonsense variant resulting in a premature termination
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Fig. 1 Liver biopsy showed normal portal tract, liver cells arranged in trabeculae, cytoplasm is pale and distended with PAS (Periodic Acid-Schiff)
positive, diastase glycogen sensitive suggestive of glycogen storage disease

codon in exon 6/11, p.(Tyr245Ter), was identified in patient 5 and is also likely to result in loss of GLUT2 expression due to nonsense-mediated decay. We also identified a
homozygous variant, c.1171-2A > G, affecting the canonical
splice acceptor site in intron 9 and likely to resulting in
aberrant splicing (siblings 7i and 7ii). A novel missense
variant, p.(Gly107Asp) was identified in patient 6 and assessment against the American College of Medical Genetics guidelines resulted in the variant being classified as
likely pathogenic. This was based on the variant not being
present in the GnomAD database of 125,673 individuals,
multiple lines of in silico evidence supporting pathogenicity
(SIFT, PoltPhen and Align GVGD as well as having a Consurf score of 9) and the clinical diagnosis and liver biopsy
of the patient being in keeping with a diagnosis of Fanconi
Bickel Syndrome.

Discussion
FBS is a rare clinical syndrome caused by recessively
inherited pathogenic variants in SLC2A2 encoding
GLUT2 (SLC2A2). The exact incidence and prevalence
is not known but many pathogenic variants in SLC2A2
from different ethnic groups have been identified, of
which around half are novel. Data from Sub-Saharan Africa (apart from one case of neonatal DM, reported from
Sudan), are not available [2, 4, 5].
Since the first case of FBS was reported, many additional
cases have been observed with variable clinical presentations and many attempts have been made to explain the
pathophysiology of this syndrome. The loss of function of
GLUT2 can explain most of the characteristic clinical
manifestation seen in patients with FBS. Normally, GLUT2
facilitates glucose diffusion in and out of liver cells. In patients with FBS, decreased uptake of glucose by the liver
cells, leads to postprandial hyperglycemia, which is further
exacerbated by low insulin secretion due to defective

glucose sensing in the pancreatic ß cell. Concomitantly, defective transport of glucose out of the cells leads to increase
intracellular glucose and inhibits glycogen degradation that
eventually leads to hypoglycemia in the fasting state and
subsequent hepatomegaly. Renal loss of glucose due to defective transport of glucose and galactose across the basolateral membrane of tubular cells contributes more to
hypoglycemia and renal glycogen accumulation, further disrupting other tubular functions leading to tubular nephropathy and nephromegaly. Impairment absorption of glucose
from enterocytes and carbohydrate accumulation leads to
the malabsorption and gastroenteritis symptoms seen in
some patients with FBS [3, 6].
Presentation of FBS usually occurs in early infancy but
the late presentation has also been reported [7]. We
found wide variability and severity even in patients
within the same family or with the same pathogenic variant in SLC2A2, in keeping with other reports suggesting
other factors that may underlie this that necessitate further studies [8, 9]. Six patients (60%) from ten unrelated
families harbored the same p.(Arg53Ter) variant, suggesting this may be a founder variant in the Sudanese
population and could be screened by genotyping before
sequencing of the whole gene in Sudanese patients. Our
patients presented late in the disease course with strong
features of rickets, abdominal distention, and growth impairment. Many patients had a history of recurrent tachypnea and dehydration which were wrongly diagnosed as
pneumonia or gastroenteritis at their first presentation
to their local health facility, and six families reported
that they had other children who died with a similar
clinical picture without being diagnosed. Features of
growth failure, hepatomegaly, signs of rickets, and tubulopathy are typical in FBS, but some other rare features
have been described [10]. Though our patients had typical clinical features of FBS at presentation, abdominal
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distension remained the main concern that brought our
patients to medical attention, while rickets or high blood
glucose were incidentally discovered during the examination and investigations. One of our patients reported
delayed dentition at the age of 16 months. This highlights the importance of careful dental assessment in patients with FBS where many abnormalities have been
described and are explained by the presence of hypophosphatemic rickets and chronic acidosis [11]. Skeletal deformities in patients with FBS were not uncommon and
severe chest deformity was seen in three of our patients.
This may be explained by bone disease seen in patients
with hypophosphatemic rickets as was proposed in similar reports [12].
The birth weight of patients with FBS has been found to
be low in some reports, similar to our cases which may
suggest low insulin in utero. This has not been widely discussed in the literature and further researches are needed
to explain this observation [13]. Polyuria was documented
as early as 40 days in eight patients of whom three proved
to have neonatal diabetes. SLC2A2 has been documented
to be the cause of neonatal diabetes (NDM) in different
reports suggesting the role of GLUT2 in insulin secretion
[5]. Our patients with NDM were the outcome of consanguineous marriage, homozygous for the same SLC2A2
mutation (c.157C > T) and had low birth weight suggesting reduced insulin secretion in utero, though normal
birth weight has been reported before in patients with FBS
and NDM [14]. Diabetes in this group tends to be transient suggesting low pancreatic B cell mass in the neonatal
period that increases during development in infancy.
Transient hyperglycemia is less severe suggesting that
glycosuria frequently seen in FBS patients may help in decreasing the blood glucose level, however permanent
NDM has also been reported [15]. It is not known why
some patients of FBS who share the same mutations develop NDM while others do not, but it has been proposed
that relatively late presentation and milder diabetes seen
in FBS cases might be implicated as patients’ diabetes
might have resolved by the time of the diagnosis [5].
Growth is greatly affected in patients with FBS and that
was obvious in our patients at presentation. Delayed presentation and management with some patients having repeated episodes of chest infections and gastroenteritis
could contribute to this. Other factors include proximal
tubular dysfunction and glucose hemostasis disturbances. It
has been proposed that nocturnal enteral nutrition (NEN)
might improve the growth failure seen in patients with FBS
[16]. We attempted corn starch feeding at night (at a dose
of 1.6 g/kg) to our patients at diagnosis to prevent early
morning hypoglycemia for which they showed good response [17].
Glycosuria, as seen in most of our tested patients, is moderate to severe at the time of diagnosis, however mild
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glycosuria in a milder phenotype of this syndrome has been
reported [18]. The fasting blood glucose is found to be low
in patients with FBS while they have a higher post prandial
level. Interestingly, our patients showed a much lower
values of fasting blood glucose and higher post prandial
glucose levels compared to a previous study done to evaluate the blood glucose level in FBS patients. However, it may
be that our patients were younger at presentation
(0.90.8 years) than the other study (7.3 ± 4.8 years) and this
could be explained by improving glucose levels over time
[19]. Genetic diagnosis has decreased the need for a liver biopsy to confirm FBS diagnosis and such an invasive procedure can be avoided if genetic testing is available. Features
on liver biopsy include deposition of glycogen in the hepatocytes, steatosis and fibrosis which were similar to our
findings. Liver carcinoma is not known to be an association
but a case of a liver carcinoma with FBS has been reported
and the mechanism of this remains unknown [20].
Management is largely supportive and focused on the
treatment of rickets and acid-base disturbance. In many developing countries medications such as phosphate, vitamin
D analogs, or even solutions to correct acid-base balance
are difficult to access and thus should be secured even at
the local level. Some patients showed good response after
treatment, with improvement of acidosis and features of
rickets, but long term follow up is needed for further evaluation of their growth and puberty. Most of our patients
came from remote areas with very limited access to tertiary
facilities therefore follow up is usually interrupted. Survival
to adulthood is favorable with normal fertility documented
in one case report [21]. Early recognition and appropriate
management may lead to a better prognosis while late diagnosis complicates the picture and increases the mortality
usually because of respiratory infections or liver failure as
seen in some reported cases including ours [22, 23].

Conclusions
We have reported the first series of patients with FBS
from Sudan, who have variable clinical presentation and
genetic mutations including a novel one. This could have
possibly resulted after diagnosing the first case and improving on professionals’ and parents’ awareness, yet
many cases are likely being missed due to lack of access to
tertiary health facilities and thus these should be secured.
Increased awareness among pediatricians and easy access
to research funded molecular genetic testing through help
from international institutes have helped in the diagnosis
of these cases. Further research is needed to explain the
etiology of some of the manifestations such as growth failure and prognosis of diabetes. Sudan, a country with high
consanguinity rate and variable ethnic groups is virgin soil
for further genetic work. Research funded genetic testing
is available for free for any family with suspected FBS at
www.diabetesgenes.org.

Musa et al. International Journal of Pediatric Endocrinology

(2020) 2020:21

Abbreviations
FBS: Fanconi Bickel syndrome; GLUT 2: Glucose transporter 2; FBG: Fasting
blood glucose; 2 hr PPG: 2-hour post prandial blood glucose; NDM: Neonatal
diabetes; NEN: Nocturnal enteral nutrition
Acknowledgements
We appreciate the role of Exeter genomics laboratory for the great help in
doing molecular genetic testing for SLC2A2 mutation. Special thanks to Dr.
Inaam Gashy and Dr. Ghassan Faisal for their help in reviewing the data.
Authors' contributions
Conceptualized study design: Musa SA, Ibrahim AA, Basheer AT. Data entry
and analysis: Musa SA and Hassan SS. Interpret liver biopsy findings: Arabi
AM. Drafting initial manuscript: Musa SA. Critical reviewing the manuscript:
Abdullah MA and Johnson MB. All authors have read and agreed on
authorship and the final submitted manuscript.

9.

10.

11.
12.

13.

14.
15.

Funding
No specific fund or grant have been received for this research.

16.

Availability of data and materials
All data are available from the corresponding author on reasonable request.

17.

Ethics approval
This research was approved by hospital Ethical committee.

18.

Consent for publication
Not applicable, no identifiable patients’ information was used in this
manuscript.
Competing interests
The authors declare that they have no financial and non-financial competing
interests.
Author details
1
Pediatric Endocrinology Unit, Gaafar Ibn Auf children Hospital, Khartoum,
Sudan. 2Institute of Biomedical and Clinical Science, College of Medicine and
Health, University of Exeter, Exeter, UK. 3Sudan Childhood Diabetes Center,
Khartoum, Sudan. 4Gastroenterology and Endocrinology Units Gaafar Ibn Auf
Children Hospital & Faculty of Medicine, University of Khartoum, Khartoum,
Sudan.
Received: 31 August 2020 Accepted: 12 November 2020

19.
20.

21.
22.

23.

Page 6 of 6

Khandelwal P, Sinha A, Jain V, Houghton J, Hari P, Bagga A. Fanconi
syndrome and neonatal diabetes: phenotypic heterogeneity in patients
with GLUT2 defects. CEN Case Rep. 2018;7:1–4.
Furlan F, Santer R, Vismara E, Santus F, Sersale E, Menni F, et al. Bilateral
nuclear cataracts as the first neonatal sign of Fanconi-Bickel syndrome. J
Inherit Metab Dis. 2006;29:685.
Nermine J, Meriam BB, Emna B, Badiaa J. Dental findings in Fanconi Bickel
Syndrome: Case Report. Int J Cur Res Rev. 2019;11:10.
Veena R, Babitha K, Pai A. Orofacial and skeletal manifestations of
hypophosphatemic rickets in Fanconi Bickel Syndrome. American Journal of
Clinical Medicine Research. 2014;2:68–71.
Su Z, Du ML, Chen HS, Chen QL, Yu CS, Mal HM. Two cases of FanconiBickel syndrome: first report from China with novel mutations of SLC2A2
gene. J Pediatr Endocrinol Metab. 2011;24:749–53.
Ozsu E, Kara C, Yilmaz GC, Tepe D, Aydin M. Transient Neonatal Diabetes
with Fanconi Bickel Syndrome. Med-Science. 2017;6:111–3.
Habeb AM, Al-Magamsi MSF, Eid IM, ALI MI, Hattersley AT, Hussain K, et al.
Incidence, genetics, and clinical phenotype of permanent neonatal diabetes
mellitus in northwest Saudi Arabia. Pediatr Diabetes. 2011;13:499–505.
Pennisi A, Maranda B, Benoist JF, Baudouin V, Rigal O, Pichard S, et al.
Nocturnal enteral nutrition is therapeutic for growth failure in FanconiBickel syndrome. J Inherit Metab Dis. 2019;43:540–48.
Kishnani PS, Chen YT. Defects in metabolism of carbohydrates. In: Kliegman
RM, Stanton BF, Geme JW III, Schor NF, Behrman RE, editors. Nelson text
book of pediatrics. 20th ed. Philadelphia: Elsevier; 2016. pp. 715–36.
Grunert SC, Schwab KO, Pohl M, Sass JO, Santer R. Fanconi-Bickel syndrome:
GLUT2 mutations associated with a mild phenotype. Mol Genet Metab.
2020;105:433–7.
Taha D, Al-Harbi N, Al-Sabban E. Hyperglycemia and hypoinsulinemia in patients
with Fanconi-Bickel syndrome. J Pediatr Endocrinol Metab. 2008;21:581–86.
Pogoriler J, O’Neill AF, Voss SD, Shamberger RC, Perez-Atayde AR.
Hepatocellular Carcinoma in Fanconi-Bickel Syndrome. Pediatr Dev Pathol.
2018;21:84–90.
Pena L, Charrow J. Fanconi–Bickel syndrome: Report of life history and successful
pregnancy in an affected patient. Am J Med Genet. 2011;155:415–17.
Al-Haggar M, Sakamoto O, Shaltout A, El-Hawary A, Wahba Y, Abdel-Hadi D.
Fanconi Bickel syndrome: novel mutations in GLUT2 gene causing a
distinguished form of renal tubular acidosis in two unrelated Egyptian
families. Case Rep Nephrol. 2011;2011:754369. .
Karamizadeh Z, Saki F, Imanieh MH, Zahmatkeshan M, Fardaee M. A new
mutation of Fanconi-Bickel syndrome with liver failure and pseudotumor
cerebri. J Genet. 2012;91:359–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

References
1. Fanconi G, Bickel H. Die. chronische Aminoacidurie (AminosaÈ urediabetes
oder nephrotisch-glukosurischer Zwerg-wuchs) bei der Glykogenose und
der Cystinkrankheit. Helv Paediatr Acta. 1949;4:359:96.
2. Santer R, Schneppenheim R, Dombrowski A, Götze H, Steinmann B, Schaub
J. Mutation in Glut2, the gene for the liver-type glucose transporter in
patients with Fanconi Bickel syndrome. Nature Genet. 1997;17:324–26.
3. Santer R, Schneppenheim R, Suter D, Schaub J, Steinmann B. Fanconi–Bickel
syndrome—the original patient and his natural history, historical steps
leading to the primary defect and a review of the literature. Eur J Pediatr.
1998;157:783–97.
4. Santer R, Groth S, Kinner M, Dombrowski A, Berry GT, Brodehl J, et al. The
mutation spectrum of the facilitative glucose transporter gene SLC2A2 (GLUT2)
in patients with Fanconi-Bickel syndrome. Hum Genet. 2002;110:21–9.
5. Sansbury FH, Flanagan SE, Houghton JAL, Shuixian Shen FL, Al-Senani AMS,
Habeb AM, et al. SLC2A2 mutation can cause neonatal diabetes, suggesting
GLUT2 may have a role in human insulin secretion. Diabetologia. 2012;55:2381–8.
6. Santer R, Steinmann B, Schaub J. Fanconi-Bickel syndrome–a congenital
defect of facilitative glucose transport. Curr Mol Med. 2002;2:213–27. 5.
7. Gupta N, Nambam B, Weinstein DA, Shoemaker LR. Late Diagnosis of
Fanconi-Bickel Syndrome: Challenges with the diagnosis and literature
review. J inborn errors metab screen. 2016;4:1–6.
8. Fridman E, Zeharia A, Markus-Eidlitz T, Haimi Cohen Y. Phenotypic variability
in patients with fanconi-bickel syndrome with identical mutations. JIMD
Rep. 2015;15:95–104.

