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A B S T R A C T   

The aim of this study was to identify the genetic basis of two female siblings - born to consanguineous Sudanese 
parents - diagnosed clinically as having the rare condition of 25-hydroxylase deficiency (vitamin D-dependent 
rickets type 1B). The initial diagnosis was established based on clinical data, laboratory and radiological findings 
retrospectively. Primers for all exons (5) of human CYP2R1 (NM_024514) were generated followed by Sanger 
sequencing on exons 1–5 for both girls and their parents. Homozygosity for a point mutation (c.85C > T) was 
detected, leading to a nonsynonymous variant at position 29 in exon 1, resulting in a premature stop codon (p. 
Q29X). This is a previously unknown variant that leads to a severely truncated protein and predicted to be among 
the 0.1 % most deleterious genomic variants(CADD score 36). To our knowledge, this family represents the first 
case series from Sudan with a confirmed CYP2R1 gene mutation and the 6th world-wide. With the lack of genetic 
facilities, diagnosis should be suspected by the persistently low 25 hydroxyvitamin D level in spite of proper 
treatment and after ruling out liver disease and malabsorption. Patients in this case series showed healing of 
rickets when treated with high doses of 1,25-dihydroxyvitamin D3 (1,25(OH)D3; calcitriol) and oral calcium.   

1. Introduction 

The synthesis of bioactive vitamin D requires hydroxylation at the 25 
and 1 positions by cytochrome P450 enzymes in the liver and kidney, 
respectively. The mitochondrial enzyme CYP27B1 catalyzes 1-hydroxyl-
ation in the kidney but the identity of the hepatic 25-hydroxylase has 
remained unclear for more than 30 years (Cheng et al., 2004). The 
human CYP2R1 gene, located at chromosome 11p15.2, contains five 
exons, coding for an enzyme with 501 amino acids. Genetic poly-
morphisms of CYP2R1 account for some of the individual variability of 
circulating 25 hydroxyvitamin D (25(OH)D) values in the population 
(Thacher and Levine, 2017). Vitamin D dependent rickets is character-
ized by defective synthesis or action of 1,25(OH)D3 and has been divided 
in 3 groups. Deficiencies of the CYP2R1 and CYP27B1 enzymes have 

been classified as Vitamin D-dependent rickets (VDDR) type 1B and 1A, 
respectively. On the other hand, deficiencies of the vitamin D receptor 
are grouped as VDDR2A cases. 

Vitamin D deficiency rickets represents a major health issue among 
Sudanese children despite the abundance of sunshine (Abdullah et al., 
2002). With the high consanguinity rate among the population and 
presence of rickets cases that are either resistant for or dependent on 
vitamin D supplementation rose the suspicion of hereditary types of 
rickets even in the absence of molecular genetics facilities. 

In the current study, we report on three siblings, born to Sudanese 
consanguineous parents, who presented with features of classical 
vitamin D deficiency rickets started from early infancy. All three showed 
improvement on conventional therapy of vitamin D3 and oral calcium, 
but relapsed as soon as supplementation was discontinued. This case 

Abbreviations: 1,25(OH)D3, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; ALP, Alkaline phosphatase; CADD, Combined annotation dependent 
depletion; PTH, Parathyroid hormone; VDDR, Vitamin D-dependent rickets. 
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study suggested an underlying hereditary condition, which was sup-
ported by the persistently low circulating 25(OH)D level despite 
compliance to treatment. 

The aim of this study therefore, was to identify the genetic basis for 
two of the three Sudanese siblings, that were diagnosed both clinically 
and by laboratory measurements as having 25(OH)D deficiency medi-
ated rickets. 

2. Patients and methods 

The pedigree of the Sudanese family is depicted in Fig. 1A. 

2.1. Patient 1 – the proband 

A 20-year-old girl, born to consanguineous parents, originally from 
the Northern part of Sudan, had been suffering from relapsing rickets 
since the age of 18 months when she first presented to a primary health 
care facility with delayed gross motor milestones, delayed teething and 

floppiness. She was diagnosed by the general practitioner to have rickets 
based on clinical, laboratory (high alkaline phosphatase (ALP) and very 
low 25(OH)D level) and radiological findings that showed osteopenia, 
cupping and fraying at the metaphyseal ends of the long bones. She was 
put on conventional therapy of cholecalciferol-D3 (3000 IU daily) and 
calcium (40 mg/kg/day). She showed good response both clinically and 
by laboratory measurements after 6 month therapy and so treatment 
was stopped. At the age of six years, she presented again with signs of 
rickets and significant bone pain that were supported by X-ray and 
laboratory findings (Fig. 1B, images 1 þ 2, Table 1). She received again 
cholecalciferol-D3 (5000 IU) and calcium (40 mg/kg/day) for the 
consecutive two years and showed good response but kept relapsing 
when treatment was discontinued. She was lost for follow up for about 
seven years when she finally presented to our unit at the age of 16 years. 
She presented with severe growth retardation, bone pain and severe 
genu varus deformity (Fig. 1C, patient 1) with multiple dental caries and 
eroded teeth. Other systemic examinations were unremarkable. X-rays 
revealed rachitic changes with osteopenia (Fig. 1D, image 1). 

Fig. 1. Physical appearance of siblings with CYP2R1 mutationPedigree of the 3 siblings born from consanguineous parents. B) X-ray of hand and wrist of patient 1 
(the proband) at the time of presentation showing cupping, fraying and widening of the metaphysis (1), at the age of nine years, persistence of radiological features of 
rickets (2) and at the age of 20 years with closed growth plates 3, C and D) The deformities of the lower limbs of patients 1, 2 and 3 and recent X-rays showing healing 
rickets or closed growth plates but deformity persisting (2018). E) Hand and wrist X-ray of patient 2 before treatment in 2015 and F) post-treatment in 2018. 
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Laboratory findings showed that she had hypocalcemia, hypo-
phosphatemia with high ALP and high parathyroid hormone (PTH) in 
addition to unmeasurable 25(OH)D at different times (Table 1). Liver 
function, renal function, urine calcium and creatinine were all normal. 

2.2. Patient 2 

The sibling of the proband had been brought by the mother to a 
primary health care facility at the age of two years suffering from 
delayed gross motor function, bowing of legs and bone pain (Fig. 1C and 
D, image 2). She was diagnosed clinically as having rickets with wide 
wrists, rachitic rosaries and genu varus deformity in addition to radio-
logical features of florid rickets that included cupping, fraying and 
osteopenia of the bones. She was treated with the conventional therapy 
of cholecalciferol-D3 (3.000 IU) and calcium (40 mg/kg/day) for six 
months as her elder sister but also kept relapsing after cessation of 
therapy (Table 1). We saw her at the age of nine years. She had teeth 
erosion, genu varus deformity and stunted growth as well. Radiological 
findings were suggestive of rickets (Fig. 1E and F) and laboratory data 
were similar to her elder sister with the persistently low 25(OH) vitamin 
D3 in addition to high parathyroid hormone. Other laboratory tests 
including renal profile, liver function, urinalysis as well as coeliac 
screening were all normal. 

2.3. Patient 3 

The third sibling was noticed to have a similar presentation as her 
two sisters at the age of 12 years, including bowing of legs and muscle 
weakness in addition to severe muscle pain that prevented her to sleep 
sometimes (Fig. 1C and D, image 3). Radiological features were sug-
gestive of active rickets with significant osteopenia, cupping and fraying 
at the metaphyseal ends of the long bones. She was also found to have a 
hypocalcemic rickets with very low levels of 25(OH)D (Table 1). 

2.4. Sanger sequencing analysis 

The initial diagnosis of a hereditary rickets was established based on 
phenotypic presentation, laboratory and radiological findings, which 
confirmed the diagnosis of hypocalcemic rickets but were suggestive of a 
potential defect in 25 hydroxylation of vitamin D. Whole blood samples 
were drawn in heparin tubes of two of the siblings (patient 1 and 2) and 
their parents and kept at − 80 ◦C until further use. The third patient was 
presented after sending samples for molecular testing and because of 
logistic constraints and similar clinical and laboratory presentation to 
her other siblings, she was considered to have the same condition 
without genetic testing. Genomic DNA was isolated according to the 
manufacturer’s protocol, using a Hamilton STAR (Hamilton Robotics 
Gmbh, Martinsried, Germany) apparatus and buffers from LGC geno-
mics (Agowa, Berlin, Germany). 

For the Sanger sequencing, oligonucleotide primers spanning all 5 
exons (Table 2) of human CYP2R1 (NM_024514) were generated fol-
lowed by RT-PCR for each of the exons of both siblings and their parents 

along with a non-related individual. Gel electrophoresis was performed 
for quality control of the amplicon size. Sanger sequencing (Eurofins 
Genomics, Ebersberg, Germany) was performed and resulting sequences 
were evaluated by alignment to the human CYP2R1 gene sequence, 
using Genome Compiler (https://www.genomecompiler.com). To pre-
dict the outcome of the mutation, we used the online tools CADD 
(Kircher et al., 2014) and Mutation Taster (Schwarz et al., 2010). 

3. Results 

3.1. Patient treatment 

After initial evaluation at our Center, all three patients were pre-
scribed 6000–8000 IU/day cholecalciferol-D3 (in some occasions 
0.25–0.5 μg once daily of calcitriol according to its availability) and two 
grams of oral calcium/day. They were compliant to therapy as reflected 
in their post-treatment laboratory results showing a decrease of ALP 
after one year follow up. However, following a period of reduced 
compliance, fluctuating laboratory results ensued that included bouts of 
low calcium and high ALP throughout follow-up visits. Symptoms of 
bone pain resolved with therapy in all patients. Complete healing of 
rickets was demonstrated radiologically in patient two after three years 
of therapy (Fig. 1E and F). 

3.2. Sanger sequencing 

All 5 exons of CYP2R1 were Sanger sequenced to identify potential 
mutations in siblings 1 and 2 (we did not receive consent to retrieve 
whole blood from sibling 3), their parents and a non-related individual. 
Whereas exons 2–5 did not yield any sequence variations in the siblings, 
we found a homozygous C to T mutation at position 85 (c.85C > T), 
corresponding to a nonsynonymous amino acid change at position 29, 
leading to a premature stop codon (p.Q29X) (Fig. 2). The combined 
annotation dependent depletion (CADD) score was 36 implicating it to 
be among the 0.1 % most deleterious possible substitutions in the human 
genome. In addition, the prediction models mutation taster indicated 
that the mutation is disease causing. Confirming autosomal recessive 
inheritance, both parents were heterozygous for the same mutation, 
whereas a non-related individual was homozygous for the C nucleotide 
(Fig. 2). 

Table 1 
Biochemical data of the three siblings.  

Parameter Patient 1 Patient 2 Patient 3  

2015 2016 2018 2015 2016 2018 2017 2018 

Ca (8.4–10.6 mg/dl) 5.8 8.9 5.2 6.8 8.5 4.9 10 5 
PO4 (4–6 mg/dl) 2.8 3 0.9 2.4 3.2 1.4 — 1.1 
ALP (200–600 IU/L) 1,135 230 294 1,384 200 513 1,258 1148 
PTH (15–65 pg/ml) 84 — — 465 — — — — 
25 OH vitamin D (20–70 ng/ml) <7.5 <7.5 — <7.5 <7.5 — <7.5 — 
Liver function tests Normal Normal Normal 
Urea / electrolytes Normal Normal Normal 
Urine analysis Normal Normal Normal 
Urine Ca:Cr Normal Normal Normal — Normal Normal Normal Normal  

Table 2 
Oligonucleotides used for Sanger sequencing of the CYP2R1 gene.  

Exon Forward (5′-3′) Reverse (5′-3′) 

1 ACCTGAGGGTATCCTGCCAAT GCCATAAGTCCAACCAGGAA 
2 ACATGCTGTCATTTAAATGT ACAGCCTGAAAGGTCCTCAA 
3A CAGGACCCAACCATGTAGTT TGCTGAGGTAGCTGAGGCTT 
3B GCCTTTCCATGGATTGGCATC ATACTTGGCTGGCATCGCAG 
4 ATAGAGCTACCCAGAGCACT AAGAAGCCAGGGGTTCTCAA 
5 CGTGGTCTAACAAAAGGAGG CCAAGTTCAGGGATAAGGCA  

A.T. Abdalla et al.                                                                                                                                                                                                                              
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Father

Mother

Unrelated control

Sibling 2

..........................71................................78................................85...............................92..............................99...............

Sibling 1

Fig. 2. Sanger sequencing of exon 1 of the CYP2R1 gene in the 2 eldest siblings The homozygous C to T mutation at position 85 leads to a stop codon at amino acid 
29, resulting in a truncated protein (Q29X) in siblings 1 and 2. Both parents are heterozygous for the same point mutation. 
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4. Discussion 

Despite the fact that Sudan is a very sun-rich country, vitamin D 
deficiency represents the major cause of rickets among children and 
osteomalacia among adults, probably due to nutritional deficiency and 
improper exposure to sunlight because of the urbanization and modifi-
cation of living habits, i.e., being in closed flats instead of flat houses 
with open grounds. Over the last decade in our pediatric endocrinology 
unit at a tertiary pediatric hospital in Khartoum, an increasing number 
of patients was diagnosed with hereditary rickets (based on history, i.e. 
poor response to therapy or relapse after stopping medications and 
biochemical findings only). Considering the prevalence of consanguin-
eous marriages in Sudan (up to 45 %) (Yunis et al., 2008), the incidence 
of genetic rickets is expected to be high. 

The siblings described here presented with typical clinical and 
biochemical features of classical vitamin D deficiency and associated 
rickets, are being classified as Vitamin D-dependent rickets type 1B. The 
disease was evident based on history and abnormal laboratory values 
that included low serum calcium, high ALP activity, secondary hyper-
parathyroidism, and low 25(OH)D levels. Therapy with supra- 
physiological levels of cholecalciferol-D3 (or high doses of ready-made 
calcitriol capsules) with high dose of oral calcium led to relief of 
symptoms and improvement of laboratory results, including serum 
levels of alkaline phosphatase and calcium in addition to healing signs of 
rickets on radiological appearance. The remainder of biochemical 
measurements were difficult to repeat because of financial constraints. 

The persistence of extremely low levels of 25(OH)D upon treatment 
implicated a CYP2R1 deficiency, which is extremely rare and reported to 
affect only a handful families to date. Selective 25(OH)D deficiency was 
first described by Casella et al in 1994 in two Nigerian siblings (Casella 
et al., 1994). In fact, the mutation found in exon 2 of CYP2R1 (c.296 T >
C) leading to a leucine to proline change at position 99 (L99P), resulting 
in a defective enzyme, was identified in other studies as well (Cheng 
et al., 2004; Thacher et al., 2015; Wiedemann et al., 2020) and could all 
be traced back to a founder gene effect in Nigeria. For the Middle East, 
Abdullah et al reported in 2002 that among adolescents with rickets, 8.8 
% were found to be 25 hydroxylase deficient, which may be caused by 
mutations in CYP2R1 (Abdullah et al., 2002). Since that time, many 
more cases were reported from Saudi Arabia and Tunisia but this family 
is the first to be reported from Sudan. 

Using Sanger sequencing, we identified a novel autosomal 
recessively-inherited homozygous mutation (c.85C > T) in exon 1 
leading to a premature stop codon (p.Q29X) in CYP2R1. To our 
knowledge, this is the first discovered mutation that leads to a severely 
truncated CYP2R1 protein and the first CYP2R1 mutation found in a 
Sudanese pedigree. Although we have no functional data to support this, 
lacking part of exon 1 and all of exon 2–5 most likely renders the enzyme 
inactive. In addition to the previously mentioned mutation found in 
exon 2 of CYP2R1 (c.296 T > C) the only other mutations found in 
CYP2R1 thus far included 1) a compound heterozygous mutation for a G 
to A transition in the splice donor sequence of exon 2 (c.367 + 1G > A) 
along with a 1 bp insertion in exon 3 (c.768insT) (Al Mutair et al., 2012), 
2) an homozygous insertion/deletion mutation in exon 1 
(c.124_138delinsCGG) (Molin et al., 2017) and 3) a missense mutation 
(c.726A > C) in exon 3, leading to a lysine to asparagine change (K242N) 
(Thacher et al., 2015) With the addition of a novel mutation in a 
Sudanese family, we expand the small list of currently known mutations 
leading to a defective CYP2R1 enzyme. Currently, 22 CYP2R1 mutations 
are listed in the Human Gene Mutation Database (HGMD; https://www. 
hgmd.cf.ac.uk/accessed April 2022). 

In conclusion, we present here the first Sudanese family with 2 sib-
lings carrying a novel CYP2R1 mutation that leads to a truncated protein 
yielding enzyme deficiency. In the context of the presence of 

consanguinity and either a resistant or relapsing rickets to conventional 
therapy of vitamin D3, one should suspect a hereditary cause of rickets 
rather than a simple nutritional vitamin D deficiency. Classical features 
of vitamin D deficiency rickets in addition to persistently low circulating 
25(OH)D levels - having ruled out liver disease and malabsorption- 
despite good compliance to therapy should raise the suspicion of a rare 
25-hydroxylase deficiency (CYP2R1 gene mutation) even in the absence 
of molecular genetics facilities. If a 1,25(OH)D3 formula is not available, 
a supra-physiologic dose of cholecalciferol-D3 plus a high doses of oral 
calcium should be used. 
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