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Abstract 

Objectives: To investigate the mutational spectrum in HBB gene in Arab patients with Beta-Thalassemia 

(β-thal). Methods: Authors searched five databases (PubMed, Science Direct, Scopus, Web of Science, 

and Google Scholar) from the time of inception until March 2020. Results: Authors search strategy 

yielded 3,229 citations, of which 48 were eligible for systematic analysis. Ninety-three mutations were 

found; 87 were shared between Arabs and other ethnic groups, six mutations were unique to Arabs 

(c.92+2T>G, c.-240G>A, c.150delC, c.420dupT , deletion of 192 bp spanning exon 1, intron 1, and the 

first two bases of exon 2 of HBB gene, and deletion of 9.6 kb, including exon 1 and intron 2 of HBB 

gene). The most common HBB gene mutations among Arabs were c.93-21G>A, c.118C>T, c.92+1G>A, 

c.92+6T>C, c.92+5G>C, c.315+1G>A, and c.27dupG. Consanguinity is high among Arab patients with β-

thal, and migration into Arab countries led to allelic heterogeneity among Arab patients with β-thal. 

Conclusion: The findings of this study present a platform for further genetic epidemiological studies and 

will improve the genetic counseling for Arab patients with β-thal. 

Key words 

Beta Thalassemia (β-thal), HBB gene, genetic mutations, genotype-phenotype correlations, Arab 

countries 
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1. Introduction 

Beta-thalassemia (β-thal, MIM # 613985) is a chronic hemolytic anemia that is inherited in an 

autosomal recessive manner [1]. It is characterized by reduced hemoglobin levels and red blood cells 

production [2]. β-thal is caused by reduction or absence of β-globin chains, which make a tetramer with 

the α-globin chains to produce hemoglobin. β0 mutations are those that completely inactivate the β 

gene, resulting in no β-globin production, other mutations allow the production of some β globin, and 

are classified according to the degree of quantitative reduction in the output of the β chains; as β+- or 

β++- (“silent”) thalassemia [3]. β-thal is characterized by variability in the clinical presentation that is 

determined by the prolonged reduction in β-globin chains, which results from mutations in the β-globin 

gene (HBB) [1]. The HBB gene is positioned on the short arm of chromosome 11, with a size of 1.6 Kb, 

and consists of three exons [4]. To date, according to the Human Gene Mutation Database (HGMD®), 

more than 200 mutations were reported in the HBB gene that are associated with β-thal [4]. Absence of 

β-globin chains production that leads to β0-thal is caused by initiation codon, splice-site junction, 

missense, nonsense, and frameshift mutations [4]. On the other hand, reduction in β-globin chains 

which lead to β+-thal is caused by mutations in the promoter, and 5’/3’-UTRs [4].  

Worldwide, the number of babies born annually with β-thal has been estimated to be more than 

40,000 [5]. A total of 80 million are estimated to be carriers of β-thal [5]. β-thal is a significant health 

problem in many countries, and is mostly prevalent in low-income countries, including in the 

Mediterranean and southeast Asian regions. It is also broadly extended in Indian subcontinent and 

Melanesia [6, 7]. β-thal is also common in North America, Australia, and Northern Europe as a result of 

migration [6]. In Arab countries, the carrier frequency ranges from 1 to 11% [8]. Heterozygous carriers 

usually show no symptoms, where compound heterozygous and homozygous mostly lead to β-thal 

major that is common in Arab countries. On the other hand, β-thal intermedia results from the effect of 

genetic modulators with a modifying effect on the heterozygous or homozygous β-thal minor [8]. 

In terms of genotype-phenotype correlations, β-thal is classified into four different groups: β-thal 

major (also known as Cooley’s anemia), β-thal intermedia, β-thal minor, and silent β-thal [4]. Silent β-

thal carriers are heterozygous for the β++ allele (β++ /BN) and are characterized by normal red blood 

cells and Hb A2 levels [3]. The β-thal minor patients inherit a single β0 or β+ allele are asymptomatic. 

However, their laboratory findings show increased Hb A2 levels and decreased microcytosis and 

hypochromia. The β-thal intermedia represents a clinical condition between the minor and major trait. 

Patients are either homozygous for the β+ allele (β+/ β+) or compound heterozygous for β0 and β+ (β0/ 
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β+). The phenotypic spectrum of β-thal intermedia ranges from mild to severe anemia with occasional 

blood transfusions. The β-thal intermedia is observed in heterozygous patients with a single dominant 

β0 allele (β0/BN), homozygous for β0 (β0/β0) having alpha-thalassemia co-inheritance or in 

heterozygous with dominant β0 (β0/BN) or recessive β+ allele (β+/BN) with a-triplication co-inheritance. 

However, the genotype-phenotype correlation of β-thal intermedia is complex and remains to be fully 

elucidated [9, 10]. The third and most severe form of thalassemia, referred to as β-thal major, is 

characterized by severe anemia and skeletal deformities. This form requires regular blood transfusions 

for survival. Most β-thal major cases are homozygous for the β0 allele (β0/ β0), fewer cases are 

compound heterozygous (β+/ β0) [10]. 

Arabs are a major panethnic group, and their union, the Arab League, comprises 22 countries [11]. 

The Arab world has historically been the crossroad for different cultures that has significantly altered its 

ethnic composition, yielding a high degree of genetic heterogeneity [12]. Given that β-thal is particularly 

associated with certain ethnic groups and specific populations residing in particular geographic areas in 

the Arab world, genetic variations are believed to affect the phenotypic presentation of b-thal patients 

in a unique way that is different from other ethnic groups [13]. Arabs are currently interested to 

understand the genetic architecture of what makes them susceptible to genetic diseases, and therefore 

started intensively to sequence the Arab genomes through national projects that aim to define the 

disease-causing genetic mutations for all genetic disorders. This started with Saudi Arabia [14], followed 

by Qatar [15], and currently UAE sequencing their 1000 genome [16]. These projects are very important 

to determine the carrier frequency of β-thal among Arabs, and therefore will improve premarital genetic 

counseling and healthcare for Arab patients with β-thal. Although β-thal-associated mutations have 

been extensively studied, the outcomes have been conflicting and inconsistent among different ethnic 

populations [8,17]. In addition, there has been relatively little attention devoted to comprehensively 

investigate the mutational spectrum in HBB gene among Arab patients with β-thal. Therefore, in this 

systematic review, we aimed to summarize current evidence on the current spectrum of β-thal-related 

HBB mutations across the 22 Arab countries. 

 

2. Materials and methods  

2.1 Search strategy 
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A systematic review was performed of all peer-reviewed published research articles on Arab β-thal 

patients in the 22 Arab countries to identify the mutations in the HBB gene that are causative to β-thal 

in the Arab patients. Five literature databases (PubMed, Science Direct, Scopus, Web of Science, and 

Google Scholar) were searched to include all the relevant articles published in English from the time of 

inception until March 2020. We used “Beta Thalassemia” search term in combination with one of these 

terms: ‘‘genetic” OR ‘‘mutation” OR ‘‘variant”, with the name of each of the 22 Arab countries. For 

examples “Beta Thalassemia” AND “variant” AND “Qatar”. The eligible research articles were screened 

for the titles and abstracts.   

 

2.2 Study selection  

The selection of research articles was performed based on the following selection criteria: (1) original 

research articles published in peer reviewed journals; (2) studies comprising Arab subjects residing in 

Arab countries who were diagnosed with β-thal; and (3) studies reporting HBB gene mutation data. The 

articles which failed to meet any of the inclusion criteria were excluded.  The citations of the selected 

articles were exported to Endnote web X8, after which the duplicate articles were removed, and the 

remaining articles were assessed against the inclusion criteria (Figure 1).  

 

2.3 Data extraction  

The data selection was done independently by three scientists (AA, AK, and SY) and finally edited by 

the senior author (HZ), technical revision was done by experienced hematologist (MY). The eligible 

articles were fully screened, and the genetic mutations relevant data, the number of patients/ 

chromosomes/ alleles examined, the reported clinical phenotype were captured (Tables 1, Table 2 and 

Supplementary Table 1).  Additionally, two human hemoglobin variants databases were utilized to 

check for frequency of the detected mutations in different ethnic groups and the related clinical 

phenotypes. These two databases were: IthaGenes (https://www.ithanet.eu/db/ithagenes) and HbVar: 

(http://globin.bx.psu.edu/hbvar/menu.html). Moreover, HGMD 

(http://www.hgmd.cf.ac.uk/ac/index.php), clinvar (https://www.ncbi.nlm.nih.gov/clinvar/), EVS 

(https://evs.gs.washington.edu/EVS/) and LOVD (https://www.lovd.nl/ ) databases were used to check 

for the uniqueness of the mutations in the Arab populations. 
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3 Results  

3.1 Search findings 

Our search strategy resulted in 8,298 citations; of which 3,229 remained after removing the 

duplicates. According to the inclusion criteria mentioned earlier in the Methods section, 3,181 citations 

were excluded (Figure 1). The remaining 118 articles were considered eligible, of which 70 articles were 

excluded, 66 were irrelevant and four were not in English language. The remaining 48 articles were 

included in the systematic analysis.  

 

3.2 Molecular genetics findings 

The data of the captured HBB gene mutations that are unique for Arab populations are summarized 

in Table 1, the shared mutations that are circulated among Arabs and other ethnic groups is listed in 

Table 2. The most common mutations that are circulated among Arabs is shown in Figure 2. 

Furthermore, any reported data about the patient hemoglobin level, transfusion frequency, and 

presence of complications were collected. A total of 105 mutations in the HBB were reported in patients 

from 20 Arab countries (Tables 1, Table 2, and Supplementary Table 1). 

Most of the HBB gene mutations were splice site (27%) and frameshift (26%) mutations (Figure 3). 

The other mutations were promoter (17%), missense (9%), nonsense (6%), deletion (4%) mutations, 

while the remaining (11%) mutations were 5’-UTR, 3’-UTR, fusion or combined frameshift and nonsense 

mutations (Figure 3). 

Six of the 105 captured mutations were unique to Arabs c.92+2T>G, c.-240G>A,  c.150delC, 

c.420dupT, deletion of 192 bp within the β-globin gene spanning exon 1, intron 1, and the first two 

bases of exon 2 and deletion of 9.6 kb extending from exon 1 of δ-globin gene to IVS-II sequence of β-

globin gene (Table 1 and Figure 2), 99 mutations were shared with other ethnic groups (Table 2), of 

which seven were identified to be the most frequent in Arab countries (Table 2 and Figure 2). 

Most of the mutations were captured in Saudi Arabia (49), followed by Syria (44), Algeria and United 

Arab Emirates (27, each), Palestinian territories (25), Egypt and Iraq (24, each), Tunisia (22), Morocco 
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and Oman (20, each), Jordan and Lebanon (19, each), Kuwait (17), Bahrain (14), Qatar (13), Libya and 

Sudan (5, each), Comoros (3), Yemen (2) and Mauritania (1) (Figure 4). Our search strategy and selection 

criteria yielded no β-thal related mutations in two Arab countries (Djibouti and Somalia). 

4 Discussion 

This study comprehensively and systematically summarizes all the published peer-reviewed 

articles related to the β-thal in the Arab world. Our searching strategy captured 105 mutations in HBB 

gene (Table 1, Table 2, and Supplementary Table 1), 99 of the detected β-thal mutations in Arab 

countries were found to be shared with the other ethnic groups, while six mutations were found to be 

unique to Arabs (Table 1). The Arab world covers a wide area from the Atlantic Ocean in the west to the 

Arabian Sea in the east, including the Middle East and North Africa. In addition to its geographic 

diversity and due to the historic and current immigrations, the ethnicity of the population in the Arab 

world is diverse, comprising of different origins, including Asian, Kurdish, Turkish, Africans, and 

European. This diverse ethnic demographic is reflected in the large number of β-thal mutations that was 

detected in Arab countries (Supplementary Table 1).  

 

4.1 Consanguinity and HBB gene mutations 

Arab countries display some of the highest rates of consanguinity around the world, ranging 

from 20% to 50%, with average rates from 20% to 30%, across the 22 Arab countries [18]. Consanguinity 

reported to confer relatively higher risk in developing β-thal [19]. In Algeria, among 60 patients the 

consanguinity rate was 50% [20], in Iraq the rate was 52.8% among 152 patients [21], 49% among 189 

patients in Syria [22], 55% and 31.5% among 200 and 73 patients, respectively, in Egypt [23, 24], while in 

Palestinian territories the rate was higher than 92.2% among 51 patients [25]. This is reflected in the 

higher prevalence rate of β-thal carriers and patients in the Arab world and in similar cultures like in 

Maldives where the carrier frequency of β-thal is more than 16% [7, 26], compared to Australia, North 

Europe, South Africa and America where the consanguinity rate is very low, and the carrier frequency is 

considerably less [27]. 

 

4.2 Distribution of HBB gene mutations in the Arab world 
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In the present study, most of the HBB gene mutations were detected in Saudi Arabia (49) and Syria 

(44). Syria has a distinguished sort of population with huge diversity in the ethnicity due to the historic 

colonization of the Roman, Ottoman and Mongols empires in the region and because of migration [28]. 

In Saudi Arabia, the wide spectrum of HBB mutations is thought to be due be different reasons based on 

the region of the country. In the eastern province of Saudi Arabia where the β-thal prevalence is high 

and most of the identified HBB mutations are also detected in the neighboring countries, these 

mutations are thought to be introduced by population migration flow [29, 30, 31], whereas in Mecca, 

although the prevalence of β-thal is low, HBB mutations is believed to be due to the settlement of the 

Hajj pilgrimages from around the world in the places near the holy city [32]. On the other hand, 

Comoros (3) Yemen (2) and Mauritania (1) recorded the lowest numbers of HBB gene mutations, which 

can be due to the dearth of reported data.  

 

4.3 Unique mutations in Arabs 

Although the spectrum of β-thal mutations in the Arab region is highly diversified and mostly shared 

with other ethnic groups, we identified six HBB gene mutations that our search strategy identified as 

unique to Arabs (Table 1), according to scientific literatures, and mutations databases (HGMD, ClinVar, 

EVS, and LOVD).  

The mutation c.420dupT in the C-terminal region of the β-globin gene was identified in a young 

Kuwaiti patient with transfusion-dependent β-thal major and chromaturia (reddish/brown discoloration 

of the urine). This frameshift mutation in exon 3 resulted from a thymidine insertion in codons 139/140. 

The patient displayed clinical features, indicating early onset of β-thal major phenotype of ineffective 

erythropoiesis with the request of blood transfusions. Hematopoietic stem cell transplantation was a 

successful treatment alternative for this severe form of β-thal major [33]. Another frameshift mutation 

was discovered in an ethnic Qatari patient with transfusion-dependent β-thal. This frameshift mutation 

resulted from the deletion of 192 bp within the β-globin gene spanning exon 1, intron 1, and the first 

two bases of exon 2 resulting in a pre-mature appearance of a stop codon [34].  Deletion in a β-globin 

gene is very uncommon in β-thal, where less than 10% of the 240 β-thal mutations reported involve a 

150-200 bp deletion [35, 36]. This mutation is compound heterozygous with c.92+5G>T mutation, 

resulting in a β-thal major phenotype [34]. The third frameshift mutation in exon 2, c.150delC, is 
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homozygous and of Jordanian origin. The generation of premature a stop codon resulted in β-thal  major 

with severe dependency on blood transfusions [37]. 

Another mutation is the deletion of 9.6 kb extending from exon 1 of δ-globin gene to the IV-II 

sequence II of HBB gene, which was detected in Sudanese adult male. The patient blood investigation 

showed microcytosis, hypochromia, elevated Hb F level and normal Hb A2 levels, while the molecular 

analysis revealed homozygous deletion of a single a-globin gene of 3.7kb, which could explain 

microcytosis and hypochromia, but not the elevated HB F. Therefore, Multiplex ligation-dependent 

probe amplification (MLPA) was used that showed this deletion. This mutation is reported in carriers of 

δ β-thal carriers or hereditary persistence of fetal hemoglobin (HPFH) [38]. 

Besides frameshift mutations, a point mutation at the promoter of the HBB gene was identified in a 

Moroccan female (c.-240G>A), this mutation exhibits a β-thal intermedia phenotype in compound 

heterozygosity with a β0 mutation or a silent phenotype in a heterozygous carrier. The patient was a 20-

year old who showed symptoms of moderate anemia, increased Hb A2 and slightly increased Hb F level. 

The patient was transfused initially and had an enlarged spleen by the age of 10. However, Splenectomy 

was performed, and the patient remained asymptomatic without the need for transfusion for the rest of 

her life [39].  

Finally, c.92+2T>G is a splice site mutation of Tunisian origin [40]. This mutation was later identified 

in Morocco [41]. The mutation resulted from a severe β0 allele in homozygous form. However, no data 

regarding the clinical phenotype was mentioned in both studies [40, 41].  

 

4.4 Common mutations among Arab countries shared with other ethnic groups 

 Among the 99 shared mutations with other ethnic groups, the most common HBB gene mutations 

with the highest frequencies among the Arab countries were the following: c.93-21G>A, c.118C>T, 

c.92+1G>A , c.92+6T>C , c.92+5G>C, c.315+1G>A , and c.27dupG (Table 2). These mutations show 

heterogeneity in the associated β-thal phenotypes among the different Arab countries. 

The c.93-21G>A is a Mediterranean mutation found frequently in the Arab countries with different 

rates ranging from about 1% in Bahrain and UAE to 48% in Egypt. The c.93-21G>A mutation is from 

Turkish origin, and it is thought to be spread in the Eastern Mediterranean area and North Africa during 
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the Ottoman Empire, which controlled the region from 16th to early 20th century [42]. Additionally, it is 

thought that c.93-21G>A is introduced to the Arab world through human migration. 

The mutation c.118C>T is a Mediterranean mutation of Roman origin and is detected with various 

prevalent rates, highest in the North African countries where it ranges between 26%-49% of the total 

HBB gene mutations. It is thought that c.118C>T got spread in the Arab countries during the Roman 

Empire which governed the region up to the fifth century BC [42]. An alternative suggestion is that 

c.118C>T may have originated from North Africa then spread in Europe through immigration [42]. 

The c.92+1G>A is a Mediterranean mutation, although being common among Arab countries, its 

frequency in Czech Republic is the highest (36%) [43] while in Arab its 26% in Egypt, and lower in other 

countries. The c.92+6T>C is a Mediterranean mutation of Portuguese origin and found common with 

low frequency in the Arab countries except in Palestinian territories where it counted for almost half of 

HBB gene mutations [44]. Interestingly, the c.92+6T>C mutation was reported to be localized in the 

mountain region of the Palestinian territories which reflects the isolation of the population of this 

region, which was inhibited by the Samaritans [44]. 

The c.92+5G>C is an Asian Indian mutation found with high frequency in Oman (73%), United Arab 

Emirate (47%) and Qatar (35%), while its frequency is much lower in the other Arab countries. This 

mutation is well established in Asian countries but not among the Arab countries. Most likely, the 

mutation was introduced to Oman, United Arab Emirates, and Qatar by the immigration and inhibition 

of Baluch people who are originally localized in Iran, Afghanistan, and Pakistan. 

The c.315+1G>A, a mutation that was reported in various parts of the world, was found in high 

frequency in Iraq, while in the rest of Arab countries it was common with less frequencies [42]. 

Interestingly, this mutation is reported to have high frequency in Iran, suggesting that it may have 

introduced to Iraq during the Persian Empire [42]. The last common most frequent HBB mutation 

observed in our study was c.27dupG, which is reported among several Arab countries, highest in Qatar 

(26%) compared to it frequencies in the nearby countries such Bahrain and Iran. However, this data 

should be reported with caution due to the limited number of samples used in the study from Qatar 

[45]. 

 

4.5. Genotype-phenotype correlations among Arab patients with β-thal  
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The primary determinant of the phenotype severity is the type of β-thal allele (β0, β+, β++). This 

review identifies several Arab mutations affecting transcription, RNA processing, and translation. A wide 

variety of mutations were found to affect mRNA processing. Point mutations such as substitution 

affecting the invariant dinucleotides GT or AG can abolish normal mRNA splicing resulting in a β0 

phenotype [3]. In Tunisia, the c.92+2T>G, a splice junction mutation identified in a homozygous or 

heterozygous state with a β0 allele showed complete absence of β-globin production [40]. Such 

mutation as this is typical for a β-thal major phenotype since most cases are homozygous for the β0 

allele (β0/ β0) and some cases are compound heterozygous (β+/ β0) [10]. Mutations at conserved 

consensus sequence sites can also reduce the efficiency of splicing leading to mild to severe β-thal 

phenotype [3].  Homozygous and compound heterozygous in association with a β0 allele status of the β+ 

transcriptional mutant c.-240G>A in the promoter region manifested in β-thal media and β-thal minor, 

respectively. The mutation occurs in the (50-300) region of promoter elements required for regulation 

of gene expression [39].  Several frameshift mutations in homozygous, heterozygous and compound 

heterozygous states were also reported, most of the outcome is a stop codon leading to β-thal major 

phenotype [33, 34, 39, 46]. A strong correlation is linked between genotype and phenotype in almost all 

of the unique Arab mutations identified based on the allele type (β0, β+) (Table 1). 

Diagnosis of β-thal trait is made depending on increase in Hemoglobin A2 (HbA2) levels which is <3% 

in healthy individuals and >3.5% in those with β-thal trait [47]. However, using HbA2 levels alone is 

challenging. A study from Saudi Arabia showed that HbA2 level was <3.5% in β-thal trait individuals who 

were confirmed to have β-thal HBB gene mutations [47]. β-thal trait individuals who were carrying 

c.17_18het_delCT, c.25_26delAA, c.218G > C, c.281G > T, c.370A > C, or c.431A > T, HBB mutations had 

HbA2 level <3%, while those with c.[118C > T], c.79G > A, or c.92 þ 5G > C had borderline HbA2 levels 

(3.1-3.9%) [47]. Thus, based on the HbA2 level only, these β-thal trait individuals would have been 

identified falsely as healthy, which is very critical. If β-thal trait married couple are diagnosed falsely as 

healthy, there is 25% probability they would have a child with β-thal major [2]. This observation 

indicates that in case of β-thal trait the phenotype does not necessarily reflects the genotype, and that 

making diagnosis only based on phenotype can be misleading, hence molecular tools such as sequencing 

the HBB gene is important molecular diagnostic tool.  

Regarding genotype and phenotype correlation in the common mutations in the Arab world, the 

variation or lack of information concerning the specific β-thal phenotype along with its associated 

clinical manifestations presented some difficulties in determining an accurate phenotype-genotype 
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correlation within the Arab countries, and between Arab countries and the other ethnic groups. 

Additionally, when the information about the clinical presentation associated with some HBB gene 

mutations in the other ethnic groups where the mutation is reported were not available, only the data 

available from the Arab countries were compared.  Overall, three of the most common Arab mutations 

are B+ mutations, these include c.92+5 G>C, c.93-21 G>A, and c.92+6 T>C. The rest are β0 mutations and 

include c.118 C>T, c.92+1 G>A, c.315+1 G>A, and c.27dupG.  

With respect to phenotype severity, the c.92+5 G>C mutation showed variable clinical presentations 

for β-thal intermedia and transfusion dependent β-thal major in homozygous or compound 

heterozygous states. The combination of the described mutations with other genetic modifiers might 

contribute to phenotypic severity. In Mauritius and Maldives, c.92+5 G>C is associated with β-thal 

Intermedia [48, 49]. Similarly, in Lebanon, Iraq, Jordan the c.92+5 G>C is linked with β-thal Intermedia  

[50, 21, 37], while in Qatar and Palestine it causes severe β-thal phenotype [45, 51] and in Saudi, Algeria 

and United Arab Emirates, the mutation is associated with both β-thal major and intermedia [52, 53, 

21]. The c.93-21 G>A and c.92+6  T>C mutations present as β-thal intermedia in heterozygous state or 

can range in severity from β-thal intermedia to β-thal major in homozygous and compound 

heterozygous states. The c.93-21 G>A mutation is linked with β-thal Intermedia in Egypt, Lebanon, Iraq, 

Jordan, Tunis [24, 50, 21, 37, 46], while in Morocco, United Arab Emirates and Saudi the mutation is 

associated with β-thal major [41, 54, 32], in Qatar, Libya and Palestine it causes severe transfusion-

dependent β-thal and in Algeria the mutation is associated with both β-thal major and intermedia [20]. 

The c.92+6 T>C causes β-thal Intermedia in Kuwait, Iraq, Lebanon, Libya, Egypt [55, 21, 50, 56, 24], while 

in Saudi and United Arab Emirates it causes β-thal major [52, 54] and it is associated with both β-thal 

Intermedia and major in Palestine and Morocco [51, 44, 41]. 

For β0 mutations, c.118 C>T typically results in transfusion dependent β-thal major in homozygous 

and compound heterozygous states. In Argentina, c.118 C>T is associated with β-thal major [57], 

similarly, in Saudi, Qatar and Syria the mutation is associated with β-thal major [58, 45, 59]. On the 

other hand, c.118 C>T causes β-thal intermedia in Iraq [21], while in Morocco, Algeria and Egypt the 

mutation is linked with both β-thal major and intermedia [41, 20, 24]. c.92+1 G>A present as β-thal 

intermedia or major. In Palestine, Syria and Iraq the mutation causes β-thal intermedia [25, 60, 21], 

while in Saudi Arabia it causes β-thal major [32] and it is associated with both β-thal intermedia and 

major in Algeria and Egypt [20, 24].  Finally, c.315+1 G>A and c.27dupG range in clinical presentation 

between β-thal intermedia or major in homozygous or compound heterozygous states. The c.315+1 G>A 
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is associated with both β-thal intermedia and major in Iran [61], as well as in Saudi Arabia and Palestine 

[52, 51], while it causes β-thal major in United Arab Emirates, Syria, Lebanon, Algeria and Qatar [54, 59, 

50, 53, 45], and it is linked with β-thal intermedia in Iraq and Kuwait [21, 55]. The c.27dupG is associated 

with β-thal major in Saudi, Syria, Qatar [58, 22, 45], while in Iraq it causes β-thal intermedia and it is 

associated with both β-thal intermedia and major in Palestine, Egypt [44, 23]. 

 

4.6.  Limitations 

We encountered some limitations in our study. First, the number of study subjects was relatively low in 

most of the included studies. Second, there is a huge variation among Arab patients with β-thal and 

their associated clinical manifestations. Third, we found a high methodological heterogeneity among the 

captured studies, which precluded our ability to draw firm conclusions in the context of phenotype-

genotype correlation. Fourth, dearth and lack of data in some Arab countries, which make it difficult to 

comprehensively draw a genetic epidemiology picture in the Arab world. Finally, some published reports 

contained incomplete data that contain no genetic analysis for the captured patients.   

 

5. Conclusion 

This systemic review highlighted the up-to-date mutational spectrum of β-thal across the Arab 

world. Our research strategy identified 105 β-thal genetic variants, of which we were able to identify six 

unique β-thal mutations in six Arab countries. The high allelic heterogeneity of β-thal mutations in Arabs 

resulted from human migration. High level of consanguinity marriage contributed to the increasing 

carrier frequency among Arabs. Additionally, we observed a meaningful genotype-phenotype 

correlation in most of the studied mutations. Although, 20 Arab countries reported genetic data on Arab 

patients with β-thal, the actual prevalence might be higher; therefore, well though genetic 

epidemiological studies are needed to determine the actual picture of the β-thal in the Arab world.  
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Figure 1. Flow diagram of the process for study selection.  

a For the Google Scholar search, only the most relevant records were retained, as n=44,217 for the total identified records. 
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Figure 2. Distribution of HBB mutations in Arab countries. The green color indicates Arab countries. The 

mapping was limited to the most common and unique mutations only, the entire list of mutations are 

list in Supplementary Table 1: Beta thalassemia HBB gene shared mutations between Arabs and other 

ethnic groups Note: The map is extracted from the free map product 

(http://english.freemap.jp/item/africa/africa_1.html)/Africa's regional Thumbnail, under the Creative 

Commons Attribution 3.0 unported (CCBY3.0) license. 
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Figure 4. Number of HBB mutations identified in each Arab country. 
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Table 1. Beta thalassemia HBB gene mutations unique to Arabs 

HGVS 

Name 

 

Common 

name 

Type of 

Mutation 

Origin Arab 

country 

Number of 

patients/chromosomes 

have the mutation 

Clinical 

phenotype 

as reported 

in the 

original 

article 

Reference

c.92+2T>G IVS I-2 

(T>G) 

Splice 

junction 

Tunisian Tunisia 14 chromosomes β -thal 

major 

[46] 

        Morocco 12 chromosomes β –thal 

major 

[39, 41] 

c.-240G>A -190 

(G>A) 

Promoter  Moroccan Morocco 2 chromosomes β –thal 

intermedia 

[39] 

c.150delC 

 

CD 49 

(−C) 

Frameshift Jordanian Jordan 1 patient β –thal 

major  

[37] 

c.420dupT CD 

139/140 

+T [163 

aa] 

Frameshift Kuwaiti Kuwait 1 patient β –thal 

major  

[33] 

Not 

available 

Deletion 

spans 

exon 1, 

the entire 

intron 1 

and the 

first two 

bases of 

exon 2  

Deletion, 

Frameshift 

 

Qatari Qatar 1 allele β -thal 

major 

[34] 

Not 

available 

Deletion 

of 9.6 kb 

extending 

Deletion Sudanese Sudan 1 patient δ β-thal 

carriers, 

hereditary 

[38] 
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1 
 

from 

exon 1 of 

δ-globin 

gene to 

IVS-II 

sequence 

of β-

globin 

gene 

 

persistence 

of fetal 

hemoglobin

Abbreviations: HGVS: Human Genome Variation Society; β -thal: Beta-thalassemia. 
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Table 2. Beta thalassemia common mutations in HBB gene among Arab countries shared with other ethnic groups 

HGVS name 

 

COMMON 

NAME 

TYPE OF 

mutation 

ORIGIN ARAB 

COUNTRY 

NUMBER OF 

PATIENTS/ 

ALLELES/ 

CHROMOSOMES 

with THE 

MUTATION 

CLINICAL 

PHENOTYPE 

AS 

REPORTED 

IN THE 

original 

ARTICLE 

REFERENCE OTHER 

ETHNIC 

GROUP(s) 

CLINICAL 

PHENOTYPE

REFERENCE 

C.92+5G>C IVSI-5 

(G>C) 

Splice site Asian Indian, SE 

Asian, 

Melanesian, 

Pakistani 

Saudi 

Arabia 

131 

patients 

β -thal 

major, 

HbA2 >3%, 

β -thal 

[32,29,52,58,62, 

63] 

Mauritius, 

Maldives 

β + -thal [48, 48] 

    Oman 187 

chromosomes 

β -thal [64,65]    

    The 

United 

Arab 

Emirates 

367 

chromosomes, 

163 patients 

β -thal [54,66]    

    Palestinian 

territories 

5 alleles β -thal 

transfusion 

dependent 

& β -thal 

[51,67]    
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carrier, β -

thal 

    Syria 60 alleles, 15 

patients 

β -thal, β -

thal major 

& β -thal 

carrier 

[28,22]    

    Tunisia 5 chromosomes β -thal 

major, β -

thal carrier, 

HbS/b-thal, 

Hb C/b-thal, 

O-Arab/b-

thal 

[46]    

    Bahrain 39 patients β -thal 

major & β -

thal carrier, 

β -thal and 

sickle cell 

[68,69]    

    Jordan 1 patient Transfusion 

dependent 

β-thal & 

HbS/b-thal 

[37]    

    Kuwait 25 patients β -thal and [70]    
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sickle cell 

    Iraq Not available β -thal 

intermedia 

[21]    

    Lebanon 2 patients β -thal [50]    

    Algeria 4 patients β -thal 

major, β -

thal 

intermedia 

[53]    

    Qatar 23 alleles Transfusion 

dependent 

β-thal 

[45]    

C.93-21G>A IVS-I-110 

G>A 

Splice site Mediterranean Saudi 

Arabia 

103 patients β -thal 

major, β -

thal 

[32,62,63,45] Cyprus, 

Greece, 

Turkey 

β+ -thal [76, 80, 81] 

    Oman 1 chromosome β -thal [64]    

    The 

United 

Arab 

Emirates 

8 chromosomes, 

4 patients 

β -thal [66,54]    

    Palestinian 

territories 

142 alleles, 21 

chromosomes 

β -thal 

transfusion 

dependent 

& β -thal 

[67,51,25,44]    ACCEPTED M
ANUSCRIP

T
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carrier, β -

thal, β -thal 

intermedia, 

β -thal and 

sickle cell 

    Syria 337 alleles, 52 

patients 

β -thal 

major, β -

thal, β -thal 

carrier 

[28,22,59]    

    Morocco 15 

chromosomes 

β -thal [41,71]    

    Tunisia 100 

chromosomes 

β -thal 

major, β -

thal carrier, 

HbS/b-thal, 

Hb C/b-thal, 

O-Arab/b-

thal 

[46]    

    Libya 13 patients β -thal [56]    

    Comoros 1 patient β -thal [72]    

    Bahrain 1 patient β -thal 

major & β -

thal carrier 

[68]    ACCEPTED M
ANUSCRIP

T
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    Jordan 32 patients Transfusion 

dependent 

β-thal & 

HbS/b-thal 

[37]    

    Kuwait 3 patients β -thal and 

sickle cell 

[70]    

    Iraq Not available β -thal 

intermedia 

[21]    

    Lebanon 113 patients β -thal [50]    

    Algeria 31 patients β -thal 

major 

[20]    

    Egypt 33 patients β -thal [24]    

    Qatar 4 alleles Transfusion 

dependent 

β-thal 

[45]    

    Sudan 14 patients β -thal [73]    

    Yemen 6 patients β -thal [74]    

C.118C>T Codon 39 

(C > T) 

Nonsense Mediterranean Saudi 

Arabia 

131 patients β -thal 

major, 

HbA2 >3%, 

β -thal 

[32,29,52,58,62, 

63] 

Argentina, 

Italy 

β0 -thal [57, 82] 

    Kuwait 30 patients β -thal and 

sickle cell 

[70,75]    

ACCEPTED M
ANUSCRIP

T
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    Oman 6 chromosomes β -thal [64,65]    

    The 

United 

Arab 

Emirates 

18 

chromosomes, 

11 patients 

β -thal [54,66]    

    Palestinian 

territories 

39 alleles, 3 

chromosomes 

β -thal 

transfusion 

dependent 

& β -thal 

carrier, β -

thal, β -thal 

and sickle 

cell 

[44,51,67]    

    Syria 120 alleles, 44 

patients 

β -thal 

major, β -

thal, β -thal 

carrier 

[28,22,59]    

    Morocco 91 

chromosomes 

β -thal [41,71]    

    Tunisia 232 

chromosomes 

β -thal 

major, β -

thal carrier, 

HbS/b-thal, 

[46]    ACCEPTED M
ANUSCRIP

T
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Hb C/b-thal, 

O-Arab/b-

thal 

    Comoros 1 patient β -thal [72]    

    Bahrain 49 patients β -thal 

major & β -

thal carrier, 

β -thal and 

sickle cell 

[68,69]    

    Jordan 6 patients Transfusion 

dependent 

β-thal & 

HbS/b-thal 

[37]    

    Iraq Not available β -thal 

intermedia 

[21]    

    Lebanon 1 patient β -thal [50]    

    Algeria 52 patients β -thal 

major 

[20]    

    Egypt 13 patients β -thal [24]    

    Qatar 1 allele Transfusion 

dependent 

β-thal 

[45]    

C.92+1G>A IVSI-1 Splice site Mediterranean Saudi 25 patients β -thal [32,29,52,63] Czech β0 -thal [43, 83] 

ACCEPTED M
ANUSCRIP

T
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(G>A) Arabia major, 

HbA2 >3%, 

β -thal 

Republic, 

Slovak, 

Spain 

    Oman 3 chromosomes β -thal [64, 65]    

    The 

United 

Arab 

Emirates 

2 patients β -thal [54]    

    Palestinian 

territories 

83 alleles, 8 

chromosomes 

β -thal 

transfusion 

dependent 

& β -thal 

carrier, β -

thal, β -thal 

intermedia, 

β -thal and 

sickle cell 

[44,51,25,67]    

    Syria 47 patients β -thal 

major & β -

thal carrier, 

β -thal 

intermedia 

[22,60]    

    Morocco 24 β -thal [41,71]    

ACCEPTED M
ANUSCRIP

T



 

10 
 

chromosomes 

    Tunisia 21 

chromosomes 

β -thal 

major, β -

thal carrier 

HbS/b-thal, 

Hb C/b-thal, 

O-Arab/b-

thal 

[46]    

    Libya 1 patient β -thal [56]    

    Bahrain 26 patients β -thal 

major & β -

thal carrier, 

β -thal and 

sickle cell 

[68, 69]    

    Jordan 13 patients Transfusion 

dependent 

β-thal & 

HbS/b-thal 

[37]    

    Kuwait 25 patients β -thal and 

sickle cell 

[70]    

    Iraq Not available β -thal 

intermedia 

[21]    

    Lebanon 49 patients β -thal [50]    

ACCEPTED M
ANUSCRIP

T
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    Algeria 12 patients β -thal 

major 

[20]    

    Egypt 39 patients β -thal [24]    

    Qatar 1 allele Transfusion 

dependent 

β-thal 

[45]    

    Sudan 4 patients β -thal [73]    

C.92+6T>C IVS I-6 

(T>C) 

Splice site Mediterranean Saudi 

Arabia 

12 patients β -thal 

major, 

HbA2 >3%, 

β -thal 

[32, 29,52] Malta, 

Portugal 

β+ -thal [84,85] 

    Kuwait 11 patients β -thal 

intermedia, 

β -thal and 

sickle cell 

[55,70,75]    

    The 

United 

Arab 

Emirates 

12 

chromosomes, 

10 patients 

β -thal [54,66]    

    Palestinian 

territories 

116 alleles, 144 

chromosomes 

β -thal 

transfusion 

dependent 

& β -thal 

[43,51,25,67]    ACCEPTED M
ANUSCRIP

T
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carrier, β -

thal, β -thal 

intermedia, 

β -thal and 

sickle cell 

    Syria 103 alleles β -thal, β -

thal major 

& β -thal 

carrier 

[28,22]    

    Morocco 5 chromosomes, 

26 patients 

β -thal [41,71]    

    Tunisia 3 chromosomes β -thal 

major, β -

thal carrier, 

HbS/b-thal, 

Hb C/b-thal, 

O-Arab/b-

thal 

[46]    

    Libya 7 patients β -thal [56]    

    Jordan 11 patients Transfusion 

dependent 

β-thal & 

HbS/b-thal 

[37]    ACCEPTED M
ANUSCRIP

T
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    Iraq Not available β -thal 

intermedia 

[21]    

    Lebanon 47 patients β -thal [50]    

    Egypt 27 patients β -thal [24]    

    Sudan 7 patients β -thal [73]    

C.315+1G>A IVSII-1 (G 

> A) 

Splice site Mediterranean, 

African 

American, 

Pakistani 

Saudi 

Arabia 

168 patients β -thal 

major, 

HbA2 >3%, 

β -thal 

[32,29,52,58,62,63] Iran β0 -thal [61] 

    Kuwait 51 patients β -thal, β -

thal 

intermedia, 

β -thal and 

sickle cell 

[55,70,75,77]    

    Oman 7 patients β -thal 

carrier 

[78]    

    The 

United 

Arab 

Emirates 

23 

chromosomes, 

14 patients 

β -thal [54,66]    

    Palestinian 

territories 

8 alleles, 13 

chromosomes 

β -thal, β -

thal 

intermedia, 

[44,51,25]    ACCEPTED M
ANUSCRIP

T
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β -thal and 

sickle cell 

    Syria 112 alleles, 30 

patients 

β -thal 

major, β -

thal, β -thal 

carrier 

[28,22,59]    

    Tunisia 3 chromosomes β -thal 

major, β -

thal carrier, 

HbS/b-thal, 

Hb C/b-thal, 

O-Arab/b-

thal 

[46]    

    Comoros 3 patients β -thal [72]    

    Bahrain 6 patients β -thal 

major & β -

thal carrier 

[68]    

    Jordan 19 patients Transfusion 

dependent 

β-thal & 

HbS/b-thal 

[37]    

    Iraq Not available β -thal 

intermedia 

[21]    

ACCEPTED M
ANUSCRIP

T



 

15 
 

    Lebanon 28 patients β -thal [50]    

    Algeria 2 patients β -thal 

major, β -

thal 

intermedia 

[53]    

    Egypt 2 patients β -thal [79]    

    Qatar 6 alleles Transfusion 

dependent 

β-thal 

[45]    

    Yemen 4 patients β -thal [74]    

C.27DUPG Codon 8/9 

(+G) 

Frameshift Asian Indian, 

Japanese, 

Pakistani 

Saudi 

Arabia 

33 patients β -thal 

major, β -

thal, β -thal 

[32,29,58,62, 63] Pakistan, 

United 

Kingdom 

β0 -thal [86,87] 

    Kuwait 26 patients β -thal and 

sickle cell 

[70,75]    

    Oman 3 chromosomes β -thal [65]    

    The 

United 

Arab 

Emirates 

25 

chromosomes, 

16 patients 

β -thal [54,66]    

    Palestinian 

territories 

4 alleles, 4 

chromosomes 

β -thal, β -

thal and 

sickle cell 

[43,51]    ACCEPTED M
ANUSCRIP

T



 

16 
 

 

Abbreviations: HGVS: Human Genome Variation Society; β -thal: Beta-thalassemia. 

 

    Syria 5 alleles, 1 

patient 

β -thal, β -

thal major 

& β -thal 

carrier 

[28,22]    

    Bahrain 1 patient β -thal 

major & β -

thal carrier 

[68]    

    Iraq Not available β -thal 

intermedia 

[21]    

    Lebanon 1 patient β -thal [50]    

    Egypt Not available β -thal 

major, β -

thal 

intermedia 

[23]    

    Qatar 17 alleles Transfusion 

dependent 

β-thal 

[45]    

ACCEPTED M
ANUSCRIP

T




