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Abstract
Introduction

Spinal Muscular atrophy (SMA) is an inherited, neuromuscular disease which is characterized by the
deterioration of spinal motor neurons, causing progressive muscular atrophy and weakening. It is an
autosomal recessive disease with the absence or mutation of the survival motor neuron 1 (SMN1) gene
as a hallmark; and SMN2 gene modulates the severity of the disease. SMA has been classi�ed based on
the motor function achieved. This study aims at describing the genetic makeup and characteristics of an
SMA cohort in the Kingdom of Saudi Arabia (KSA).

Methods

Data from families presenting with SMA children was collected between (January 2018 till December
2020). Blood samples were collected from patients and family members. Genetic testing for SMA and
mutations were performed at a central lab in Europe.

Results and discussion

17 families were enrolled in the study including 52 children. Among the 34 parents, 28 were carriers with
heterozygous deletion (82.3%), 1(2.9%) had no deletion detected by MLPA but had point mutation by
sequencing, 1(2.9%) had homozygous deletion and was symptomatic, 3(8.8%) had no deletion or point
mutation and presumed to have 2 + 0, and 1 (2.9%) was not tested.

Conclusion

This study provides insight on the carrier mutational analysis of parents’ of SMA patients, Further studies
are needed to understand the burden of SMA in the KSA.

Introduction
Spinal muscular atrophy (SMA) is an autosomal recessive, inherited neuromuscular disease. It is
characterized by progressive loss of motor neurons within the spinal cord, leading to progressive muscle
weakness and atrophy. Muscle movement is controlled by these motor neurons; whose disruption
interferes with the signals between motor neurons and muscles; leading to progressive weakness and
wasting.

SMA is the second most common inherited disorder with a global incidence of about 1 in 6,000 live
births. Its carrier frequency is 1:40 for the Type I and 1:80 for the juvenile form (type III)3. The SMA
incidence in the Middle East is 40 times higher than the Western world. It ranges from 10 to 193 per
100,000 births, primarily due to the increased rate of consanguineous marriages.2 The latter might have
contributed to the high SMN1 carrier frequency in the Middle East, estimated at 1:20, compared to the
global rate reaching up to 1:100.
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Deletion of the survival motor neuron (SMN1) 1 gene on the long arm of chromosome 5 is the most
common form of SMA. SMN1 gene produces a protein called SMN1, whose function is to maintain the
integrity of motor neurons. The absence of this protein causes progressive degeneration of anterior horn
cells. Another homologous gene, SMN2, is located in chromosome 5. Due to a phenomenon known as an
alternative mRNA splicing, SMN2 is able to produce a small amount of full-length, functioning SMN1
protein. Therefore, the number of SMN2 copies in a given patient modulates the severity of the disease
with a higher number predicting a milder disease.3,

SMA patients present in four forms depending on the motor acquisition and the age of presentation.
Infantile-onset SMA type I, also known as the Werdnig-Hoffmann disease, is the most common type
accounting for 60% of all cases. Typically, symptoms start before 6 months of age with reduced in utero
movements leading to arthrogryposis, severe hypotonia, and breathing di�culties; culminating in death in
the �rst two years of life, if left untreated.1

SMA type II, or the intermediate form, starts to manifest between 6 and 18 months of age. Affected
children can sit but not stand or walk. They might also experience respiratory di�culties including
hypoventilation in sleep. If not treated, the development of disease is unpredictable, but most affected
individuals live into adolescence or young adulthood.1

In SMA type III, affected children develop symptoms after 18 months of age and can walk
independently5. Symptoms start by showing di�culties with daily activities such as walking, running,
climbing steps, and rising from a chair. The proximal leg muscles are initially affected followed by the
proximal upper extremities.

In SMA type IV, individuals develop symptoms after 21 years of age, with mild proximal muscle
weakness, which typically does not interfere with ambulation and independent living. In addition to the
neuromuscular manifestations, recurrent respiratory infections, scoliosis, and joint contractures are
common complications of SMA. A comprehensive, multidisciplinary approach to SMA management
prolongs patients’ lifespan and improves outcomes.4

The economic burden of the SMA, both directly and indirectly, is enormous; led by type I SMA with an
estimated yearly inpatient cost exceeding $100,000. Furthermore, outpatient costs are 50 times higher
than age-matched controls. Moreover, a study of hospitalization cost representing hospitals in 44 United
States (US) states showed that the average inpatient cost for children with SMA type I was $150,921,
whereas the admission cost for children with no chronic condition was $19,261.12 In addition, recent
analysis shows that 73.5% of SMA patients need home health services and 60.6% require neurology
and/or pulmonology outpatient care.7 Beside the high cost of health care for SMA patients, a tremendous
cost for caregivers exists; who spend around 53 hours per week caring for patients. This leads to
absenteeism and subsequent �nancial hardship in families.
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To our knowledge, few studies describing the prevalence and carrier status of SMA in the Gulf region are
present. Therefore, understanding the disease inheritance and demographics in the Kingdom of Saudi
Arabia (KSA) is essential. In this study, an observational analysis of phenotypes and genotype of an SMA
cohort seen in a tertiary care hospital in KSA was done. To our knowledge, this is the �rst study that
describes this population in KSA.

Methodology
Patients and family of patients with SMA presenting to King Fahad Specialist Hospital, Dammam, Saudi
Arabia between Jan 2018 to Dec 2020 were enrolled in the study. All SMA cases met the diagnostic
criteria established by the International SMA Consortium. The Ethics Committee of King Fahad Specialist
Hospital approved the study. All subjects signed informed consent forms.

Dry blood spot was collected from all patients and family members. All the samples were sent to a
central lab (Centrogene lab, Germany) for processing. At Centrogene lab, DNA was extracted from blood
spots and multiplex PCR assay (MLPA) test was performed for any suspected patient with SMA. With
unrevealing results, a follow up SMN1 gene sequence was ordered to con�rm the diagnosis. Once a
genetic diagnosis of the index patient is established, MLPA test for the parents and siblings was
performed to identify SMN1 carrier status and SMN2 copy number.

Descriptive statistics was performed to examine the genetic make-up of 17 families with children
affected by SMA, a descriptive analysis is performed as presented in this document. The analysis is
highlighting the genetic make-up for all families. A particular focus on families with less common results
such the presence of silent carriers and point mutations. Data from all families who underwent genetic
screening were included in the full analysis set, which is the primary analysis population. Categorical
variables were presented by counts and percentages.

Results
Over the study period, 87 individuals from 17 families encompassing 34 parents and 52 children were
enrolled and included in the �nal analysis. Among the parents tested, 28 (82.3%) were carriers, 1(2.9%)
harbored a point mutation, 1(2.9%) had 0 copies of SMN1, and 3(8.8%) were silent carriers, also known as
2 + 0 genetic make-up; indicating the presence of both SMN1 alleles on the same chromosome with its
absence on the second pair. One parent didn’t undergo the screening.

Among tested children, 24(46.1%) had no SMN1 copies except one who harbored 1 copy of SMN1 gene
and one poin mutation, 19(36.5%) were carriers with one copy of SMN1 gene, and 9(17.3%) were
negative; 7 of whom has 2 SMN1 copies, 1 has 4 copies, and 1 has 1 copy.

Description of SMN1 families and genetic make-up:



Page 5/13

The median age of disease onset was 2 (0.42-7) years. Fourteen (56%) of the patients were males with
4(16%), 2(8%), 7(28%), and 1(4%) who had type 1, type 2, type 3, and asymptomatic patient, respectively.
On the other hand, 11(44%) were females with 2(8%) with type 1, 4(16%) with type 2, and 5(20%) with
type 3 SMA. 23 out of 25 patients (92%) have zero copies of SMN1 (Table 1)

Table 1
Characteristics of SMA patients (categorical variables)

    SMA type

  N = 25 n(%) Pre-
symptomatic

Type1 Type 2 Type 3

Gender Male 14(56.0%) 1(4.0%) 4(16.0%) 2(8.0%) 7(28.0%)

Female 11(44.0%) 0(0.0%) 2(8.0%) 4(16.0%) 5(20.0%)

SMN1 copies 0 23(92.0%) 1(4.0%) 4(16.0%) 6(24.0%) 12(48.0%)

1 2(8.0%) 0(0.0%) 2(8.0%) 0(0.0%) 0(0.0%)

SMN2 copies 2 6(24.0%) 0(0.0%) 5(20.0%) 1(4.0%) 0(0.0%)

3 8(32.0%) 1(4.0%) 1(4.0%) 5(20.0%) 1(4.0%)

4 11(44.0%) 0(0.0%) 0(0.0%) 0(0.0%) 11(44.0%)

Type of
mutation

Deletion 23(92.0%) 1(4.0%) 4(16.0%) 6(24.0%) 12(48.0%)

Point
mutation

2(8.0%) 0(0.0%) 2(8.0%) 0(0.0%) 0(0.0%)

Eight families (2, 3, 7, 8, 10, 11, 12, and 16) showed 50% positive cases out of the total family children.
From these families, 6 children were non-carriers and 4 were carriers. All the parents were carriers; two of
whom -father in family 8 and mother of family 10- were found to be silent carriers. On the other hand, two
families (9 and 17) showed 25% positive cases out of total family children. (See Table 2). Thirteen (76%)
of all families had the typical genetic make-up for SMA disease; where each of the parents was a carrier
with one SMN1 copy and their offspring included either positive, carrier, or negative cases (Table 2).
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Table 2
Overview of families by members status.

Characteristic CARRIER NEGATIVE POSITIVE Unknown Total
family

Total
children

percentage
of + ve
cases out
of all
children

Family

Family1 5 0 2 0 7 5 40.0%

Family2 4 0 2 0 6 4 50.0%

Family3 3 0 1 0 4 2 50.0%

Family4 3 1 1 0 5 3 33.3%

Family5 3 1 1 0 5 3 33.3%

Family6 3 0 4* 0 7 5 60.0%

Family7 2 1 1 0 4 2 50.0%

Family8 2** 1 1 0 4 2 50.0%

Family9 5 0 1 0 6 4 25.0%

Family10 3** 0 1 0 4 2 50.0%

Family11 3 0 1 0 4 2 50.0%

Family12 3 0 1 0 4 2 50.0%

Family13 1** 2 2 0 5 3 66.6%

Family14 2 0 1 0 3 1 100.0%

Family15 3 2 2 0 7 5 40.0%

Family16 4 0 2 0 6 4 50.0%

Family17 2 2 1 1 6 4 25.0%

Total 50 10 25 1 87 52 -
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Table 3
Examination of genetic make-up (SMN1) for each family

  SMN1 copies (Test result)

Family
member

Status Number of SMN1
copies

  Status Number of
SMN1 copies

Family
1

Mother Carrier 1 Child
1

Positive 0

Child
2

Positive 0

Child
3

carrier 1

Father Carrier 1 Child
4

Carrier 1

Child
5

carrier 1

Family
2

Mother Carrier 1 Child
1

Positive 0

Child
2

Positive 0

Father Carrier 1 Child
3

Carrier 1

Child
4

carrier 1

Family
3

Mother Carrier 1 Child
1

Positive 0

Father Carrier 1 Child
2

Carrier 1

Family
4

Mother Carrier 1 Child
1

Positive 0

Child
2

Negative 2

Father Carrier 1 Child
3

Carrier 1

Family
5

Mother Carrier 1 Child
1

Positive 0

Child
2

Negative 2

Father Carrier 1 Child
3

Carrier 1
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Family
6

Mother Positive 0 Child
1

Positive 0

Child
2

Positive 0

Child
3

Positive 0

Father Carrier 1 Child
4

Carrier 1

Child
5

Carrier 1

Family
7

Mother Carrier 1 Child
1

Positive 0

Father Carrier 1 Child
2

negative 2

Family
8

Mother Carrier 1 Child
1

Positive 0

Father Carrier

(false
negative)

2 Child
2

Negative 1

Family
9

Mother Carrier 1 Child
1

Positive 0

Child2 Carrier 1

Father Carrier 1 Child
3

Carrier 1

Child
4

Carrier 1

Family
10

Mother Carrier

(false
negative)

2 Child
1

positive 0

Father Carrier 1 Child
2

Carrier 1

Family
11

Mother Carrier 1 Child
1

positive 0

Father Carrier 1 Child
2

Carrier 1

Family
12

Mother Carrier 1 Child
1

positive 0

Father Carrier 1 Child
2

Carrier 1
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Family
13

Mother Negative 3 Child
1

Positive 1

Child
2

Positive 1

Father Carrier

(false
negative)

2 Child
3

Negative 4

Family
14

Mother Carrier 1 Child
1

Positive 0

Father Carrier 1

Family
15

Mother Carrier 1 Child
1

Positive 0

Child
2

positive 0

Father Carrier 1 Child
3

Negative 2

Child
4

Negative 2

Child
5

Carrier 1

Family
16

Mother Carrier 1 Child
1

Positive 0

Child
2

Positive 0

Father Carrier 1 Child
3

Carrier 1

Child
4

Carrier 1

Family
17

Mother Carrier 1 Child
1

Positive 0

Child
2

Negative 2

Father Not done Child
3

Carrier 1

Child
4

Negative 2

Interestingly, family 6 included an affected mother and a carrier father. This family had 3 out of 5 children
(60%) affected with SMA, and the other 2 (40%) were carriers with one copy of SMN1. The mother in
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family 13 harbored 3 copies of SMN1, while the father was a silent carrier. Out of three children, two of
whom tested positive with 1 copy of SMN1 and the other tested negative with 4 copies of SMN1.

Association of SMN1/SMN2 mutation and disease
symptoms
Among the 23 patients (92%) harboring zero copies of SMN1, one (4%) was pre-symptomatically
detected, 4(16%) have type 1, 6(24%) have type 2, and 12(48%) have type 3. While only 2(8%) has 1 copy
of SMN1, and phenotypically behaved as type 1 SMA.

In addition, we see that 11(44%) harbored 4 copies of SMN2; all of whom have type 3 SMA. On the other
hand, 8(32%) have 3 copies of SMN2 with 1(4%) being pre-symptomatic, 1(4%) having type 1, 5(20%)
having type 2, and 1(4%) having type 3. Furthermore, only 6(24%) have 2 copies of SMN2 were 5(20%)
having type 1 and 1(4%) having type 2.

The majority of the patients had SMN1 biallelic deletion in 23(92%) with 1(4%) being pre-symptomatic,
4(16%) were type 1, 6(24%) diagnosed as type 2, and 12(48%) were type 3. SMN1 Point mutation was
found in four patients in total; two of which behaved as Type 2 while the other two has a Type 1 SMA.

Discussion
In line with SMA literature, the severity of the disease reported decreased with higher SMN2 copies.
Among 6 patients with 2 copies of SMN2, 5 (83%) were found to have SMA type 1 and one patient (17%)
was found to have type 2. On the other hand, among 8 patients harboring three copies of SMN2, 1 had
type 1 (12.5%), 5 had type 2 (62.5%), 1 had type 3 SMA (12.5%), and 1 was pre-symptomatically detected.

Moreover, studies have shown that most of the SMA patients had deletion of SMN1 gene with 99.7% of
all SMA patients must carry at least one SMN1 deletion on one chromosome. This was consistent in our
study with 92% carried biallelic deletion of SMN1 gene and 8% were heterozygous with one intragenic
deletion on one allele and SMN1 deletion on the other. , Our cohort may have been liable to ascertainment
bias, as the severe form of the disease; type 1, is more fatal limiting this subtype access to our tertiary
care clinic. This contrasts with the milder, non-life limiting type 2 and type 3.

The initiation of a newborn screening program might solve the delay in diagnosis of SMA, and therefore,
decrease the severity and the burden of the disease. A further step might include the addition of SMA
carrier testing - in addition to the prevalent, genetically inherited hematological diseases, in the widely
used pre-marital testing in the kingdom.

In our study, 8.8% of the 34 parents were carriers as they tested negative for the commonly ordered test.
This is higher than the 4.6% frequency reported in the literature.All the carrier parents had [(2 + 0)
genotype]. Such �nding would be informative in designing premarital and carrier testing for SMN1 gene,
as the commonly ordered test would miss all of these silent carrier parents.



Page 11/13

In addition to silent carriers, two other possibilities can explain an unrevealing SMA parental carrier
testing. First, carriers with ([1 + 1d] genotype, where d designates intragenic mutation) have one healthy
SMN1 copy on one chromosome and one intragenic mutant SMN1 on the other chromosome. Second,
either parent might be a carrier of a germ-line mosaicism, de�ned as a mutation exclusively found in the
gonads but not in somatic cells. Third, parental somatic mosaicism may show a normal genotype ([1 + 1]
genotype) in the somatic cells; which will prevent the detection of a genotype heterozygous for SMN1
deletion ([1 + 0] genotype) in the germ-line cells. ,,24

One major limitation of this study is that it was a single center study. It was also limited by the small
sample size. Furthermore, this study has an inherent bias as it was conducted in a highly
consanguineous population, and its results may not be representative of the global SMA population.

This is the �rst study that reports genetic inheritance of SMA in KSA. Further countrywide, multicenter
studies are required in order to bridge the knowledge gap and raise awareness about SMA among local
communities. The �ndings of this study provide health care workers and policy-makers preliminary data
to understand the status of the disease in the region.

Declarations
Con�ict of interests

The authors declare that the research was conducted in the absence of any commercial or �nancial
relationships that could be construed as a potential con�ict of interest.

Author Contributions

This manuscript has been read and approved by all the authors, the requirements for authorship have
been met, and each author believes that the manuscript represents honest work.

Funding

Medical writing and submission fees are sponsored by Biologix.

Acknowledgments

None

Ethics of Consent:

The Ethics Committee of King Fahad Specialist Hospital approved the study. All subjects signed informed
consent forms

References



Page 12/13

1. Butchbach MER. Genomic Variability in the Survival Motor Neuron Genes (SMN1 and SMN2):
Implications for Spinal Muscular Atrophy Phenotype and Therapeutics Development. Int J Mol Sci.
2021;22(15):7896. Published 2021 Jul 23. doi:10.3390/ijms22157896

2. Ali, H.G., Ibrahim, K., Elsaid, M.F. et al. Gene therapy for spinal muscular atrophy: the Qatari
experience. Gene Ther 28, 676–680 (2021). https://doi.org/10.1038/s41434-021-00273-7

3. Reed UC, Zanoteli E. Therapeutic advances in 5q-linked spinal muscular atrophy. Arq Neuropsiquiatr.
2018;76(4):265-272. doi:10.1590/0004-282x20180011

4. Chen TH. New and Developing Therapies in Spinal Muscular Atrophy: From Genotype to Phenotype
to Treatment and Where Do We Stand?. Int J Mol Sci. 2020;21(9):3297. Published 2020 May 7.
doi:10.3390/ijms21093297

5. Wadman RI, van der Pol WL, Bosboom WM, et al. Drug treatment for spinal muscular atrophy types II
and III. Cochrane Database Syst Rev. 2020;1(1):CD006282. Published 2020 Jan 6.
doi:10.1002/14651858.CD006282.pub5

�. https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Spinal-Muscular-
Atrophy-Fact-Sheet

7. Belter L, Cruz R, Kulas S, McGinnis E, Dabbous O, Jarecki J. Economic burden of spinal muscular
atrophy: an analysis of claims data. J Mark Access Health Policy. 2020;8(1):1843277. Published
2020 Nov 8. doi:10.1080/20016689.2020.1843277

�. Calucho M, Bernal S, Alías L, et al. Correlation between SMA type and SMN2 copy number revisited:
An analysis of 625 unrelated Spanish patients and a compilation of 2834 reported cases.
Neuromuscul Disord. 2018;28(3):208-215. doi:10.1016/j.nmd.2018.01.003

9. Feldkötter M, Schwarzer V, Wirth R, Wienker TF, Wirth B. Quantitative analyses of SMN1 and SMN2
based on real-time lightCycler PCR: fast and highly reliable carrier testing and prediction of severity
of spinal muscular atrophy. Am J Hum Genet. 2002;70(2):358-368. doi:10.1086/338627

10. Wirth B. An update of the mutation spectrum of the survival motor neuron gene (SMN1) in
autosomal recessive spinal muscular atrophy (SMA). Hum Mutat. 2000;15(3):228-237.
doi:10.1002/(SICI)1098-1004(200003)15:3<228::AID-HUMU3>3.0.CO;2-9

11. Lin CW, Kalb SJ, Yeh WS. Delay in Diagnosis of Spinal Muscular Atrophy: A Systematic Literature
Review. Pediatr Neurol. 2015;53(4):293-300. doi:10.1016/j.pediatrneurol.2015.06.002

12. Chien YH, Chiang SC, Weng WC, et al. Presymptomatic Diagnosis of Spinal Muscular Atrophy
Through Newborn Screening. J Pediatr. 2017;190:124-129.e1. doi:10.1016/j.jpeds.2017.06.042

13. Mailman MD, Hemingway T, Darsey RL, Glasure CE, Huang Y,Chadwick RB, et al. Hybrids monosomal
for human chromosome 5 reveal the presence of a spinal muscular atrophy (SMA) carrier with two
SMN1 copies on one chromosome. Hum Genet 2001;108:109–15.

14. Alias L, Barcelo MJ, Bernal S, Martinez-Hernandez R, AlsoRallo E, Vazquez C, et al. Improving
detection and genetic counseling in carriers of spinal muscular atrophy with two copies of the SMN1
gene. Clin Genet 2014;85:470–5.



Page 13/13

15. Ar Rochmah M, Awano H, Awaya T, et al. Spinal muscular atrophy carriers with two SMN1 copies.
Brain Dev. 2017;39(10):851-860. doi:10.1016/j.braindev.2017.06.002.

1�. Prior TW. Carrier screening for spinal muscular atrophy. GenetMed 2008;10:840–2

17. Wirth B, Schmidt T, Hahnen E, Rudnik-Scho¨neborn S, Krawczak Mu¨ller-Myhsok B, et al. De novo
rearrangements found in 2% of index patients with spinal muscular atrophy: mutational
mechanisms, parental origin, mutation rate, and implications for genetic counseling. Am J Hum
Genet 1997;61:1102–11

1�. Eggerman T, Zerres K, Anhuf D, Kotzot D, Fauth C, RudnikScho¨neborn S. Somatic mosaicism for a
heterozygous deletion of the survival motor neuron (SMN1) gene. Eur J Hum Genet 2005;13:309–13.


