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A b s t r a c t

Introduction: This study aimed to define and update the prevalence of 
b-pathogenic thalassemia variants in Jordan.
Methods: A total of 158 patients with suspected b-thalassemia minor were 
examined using CBC and Hb-electrophoresis, and polymerase chain reaction 
with hybridization to identify the type of pathogenic variants. 
Results: Five common and seven rare b-thalassemia pathogenic variants 
were identified in this study, in addition to three variants that had not been 
previously reported: -101 [C>T], IVS 1.130 [G>C], and codon 44 [-C].
Conclusions: The results provide a  new update on the existing Jordanian 
b-thalassemia variant database that will aid the enhancement of diagnostic 
and treatment protocols for patients.
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b-thalassemia is a common hereditary disorder, especially in the Mid-
dle East [1], and is the most common hemoglobinopathy in Jordan with 
a carrier rate of approximately 2–4% [2]. Clinical classifications often fo-
cus on disease severity, and cases fall into one of three broad categories: 
b-thalassemia minor, b-thalassemia intermedia, and b-thalassemia ma-
jor [3]. 

More than 300 different pathogenic variants affecting diverse levels 
of b-globin gene expression and b-thalassemia have been discovered [4]. 
However, these variants are not spread uniformly; they have geographi-
cal and racial origins, as each is distinguished by a few common variants 
and a varying number of unusual variants [5]. 

The carrier prevalence rate of thalassemia in Jordan is currently re-
ported as around 2–4%. The number of registered cases treated by the 
Ministry of Health (MOH) is 656 patients (550 with b-thalassemia major 
and 106 with b-thalassemia intermedia). The number of patients in the 
four thalassemia treatment centers overseen by the MOH was 1228 ac-
cording to the national registry in 2017, representing 86% of the total of 
1450 thalassemia patients in the Hashemite Kingdom of Jordan [2].

Therefore, we aimed to investigate and update the prevalence of 
b-thalassemia variants in Jordan and compare it with other studies in 
Jordan and neighboring countries.
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Methods. Patient cohort. The study population 
consisted of 158 individuals, 82 females aged 1 to 
74 years with mean age of 22.39 ±16.46 and 76 
males aged 1 to 80 years with mean age of 20.55 
±18.27. Amman had the highest share of b-thal-
assemia patients with 65.8%, followed by Irbid at 
14.5%, Zarqa at 8.9%, and Ma’an at 2.5%, while 
Mafraq and Tafilah had 1.9% each; Aqaba, Jarash, 
and Madaba had 1.3% each; and Balqa had 0.6%. 

The current study received ethical approval 
from the ethical committee and institutional re-
view board (IRB) of Al-Balqa Applied University 
in Amman, Jordan (IRB number: 26/3/2/274). In-
formed consent was obtained in all cases.

Methods. Patients underwent hematologi-
cal testing, including CBC, Hb electrophoresis, 
and genetic testing, to screen for b-thalassemia. 
Vacutainer blood samples (4 ml) containing eth-
ylenediaminetetraacetic acid K3 (EDTA) anticoag-
ulant (Becton Dickinson, Franklin Lakes, NJ, USA) 
were drawn from the patients for routine hema-
tological investigations, including complete blood 
count (CBC) using Sysmex XN-1000 (Sysmex Cor-
poration, Kobe, Japan) and Hb electrophoresis 
using MINICAP (Sebia, Lisses, France). DNA was 
subsequently extracted from the blood samples 
using an automated nucleic acid extraction instru-
ment, EZ1 (Qiagen, Hilden, Germany). A  dsDNA 
high-sensitivity assay kit was used to measure 
the DNA concentration in ng/µl using the QuBit 4 
fluorometer, following the manufacturer’s instruc-
tions (Thermo Fisher Scientific, USA).

The isolated DNA was amplified by multiplex 
PCR (Veriti Thermal 96-Well Thermal Cycler Ap-
plied Biosystems, USA) using commercial b-globin 
strip assay, allowing the multiplication of 22 tar-
gets of b-globin and detection using reverse hy-
bridization (Vienna Lab Labor diagnostika GmbH, 
Austria). The extrapolation of the results from the 
membrane strip was performed using StripAs-
say  Online Calculator  v2.17. Samples were pro-
cessed at the hematology and genetics depart-
ments of Biolab Diagnostic Laboratories, Amman, 
Jordan.

Statistical analysis. Complete data analyses 
were performed using Microsoft Excel (Redmond, 
WA, US, 365) and GraphPad Prism 9 (San Diego, 
USA, version 9.0.0) software. 

Results. The study population was screened 
for 16 b-thalassemia variants, all of which were 
found to be b-thalassemia carriers (heterozygous 
mutants). No homozygous or compound hetero-
zygous variants were identified in this study. The 
distribution of variants is classified by common 
and rare variants [6]. Sixteen different b-thalas-
semia variants have been reported. Five of them 
were represented in about 65.82% of the total Jor-
danian thalassemic variants and were classified 

as common variants: IVS 1.6 [T>C] (17.72%), IVS 
1.110 [G>A] (13.29%), IVS 2.1 [G>A] (13.29%), IVS 
1.1 [G>A] (11.39%), and IVS 2.745 [C>G] (10.13%). 
Another eleven variants were classified as rare 
variants and represented about 25.93% of the to-
tal Jordanian thalassemic variants and include co-
don 8 [-AA] (5.06%), codon 5 [-CT] (4.43%), codon 
39 [C>T] (4.43%), IVS 1.5 [G>C] (3.16%), -30 [T>A] 
(2.53%), -87 [C>G] (1.9%) and equal frequencies 
for these variants: codon 6 [-A], IVS 1.130 [G>C], 
codon 44 [-C], IVS 2.848 [C>A] with 0.63%, -101 
[C>T] with -87 [C>G] 1.9% for both. In addition, 
these three variants have not been previously re-
ported in Jordan: -101 [C>T], IVS 1.130 [G>C], and 
codon 44 [-C]. The different thalassemia muta-
tions observed in Jordan are listed in Table I.

The percentage of b-thalassemia variants in 
our study differed from those provided in previ-
ously published studies in the Jordanian popu-
lation and neighboring countries. Table II shows 
the distribution of the variants in previous studies 
compared with that in the current study and indi-
cates that the common and rare variants are still 
in the same category but at different percentages, 
which means that the prevalence of b-thalassemia 
variants should be updated regularly to reflect the 
dominant variant in the current population in or-
der to understand the community distribution for 
these variants. In addition, it shows the compar-
ison of this study with other studies conducted 
in neighboring countries and indicates that these 
common variants are rare in other countries and 
vice versa, which means that every population has 
a  unique distribution of variants depending on 
their proximity or distance from each other and 
the social relations between them.

Discussion. Few studies have been conducted 
on the prevalence and distribution of b-thalas-
semia in Jordan. Three common variants were 
observed during the molecular characterization of 
b-thalassemia in northern Jordan: IVS 1.110 [G>A], 
IVS 2.1 [G>A], and IVS 2.745 [C>G], in 54% of total 
samples. This study demonstrated the diversity of 
b-thalassemia alleles in North Jordan and is in line 
with the outcomes of the current study, in which 
three variants were classified as common at dif-
ferent percentages [7]. The common frequent al-
leles in Jordan are generally similar to those found 
in other studies in Jordan [8, 9]. If supported by fu-
ture research, these findings can provide updated 
data on the spectrum of b-thalassemia variants 
in Jordan, making the study valuable and refer-
ence-worthy [10]. 

The types and frequencies of the common 
b-thalassemia variants in Jordan are generally 
similar to those reported in surrounding countries 
and have more differences from those reported in 
the Arabian Peninsula. Additionally, there is a dif-
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Table I. Distribution of b-thalassemia variants (common and rare)

Common variants HGVS Type of variants Phenotype Distribution N %

IVS 1.6 [T>C] HBB:c.92+6T>C RNA processing/
Consensus splice 

sites

b++ Mediterranean 28 17.72

IVS 1.110 [G>A] HBB:c.93-21G>A RNA processing/
Cryptic splice sites

b+ Mediterranean 21 13.29

IVS 2.1 [G>A] HBB:c.315+1G>A RNA processing/
Splice junction

bθ Mediterranean, 
U.S. Blacks

21 13.29

IVS 1.1 [G>A] HBB:c.92+1G>A RNA processing/
Splice junction

bθ Mediterranean 18 11.39

IVS 2.745 [C>G] HBB:c.316-106C>G RNA processing/
Cryptic splice sites

b+ Mediterranean 16 10.13

Rare variants

Codon 8 [-AA] HBB:c.25_26delAA RNA translation/
Frameshift

bθ Mediterranean 8 5.06

Codon 5 [-CT] HBB:c.17_18delCT RNA translation/
Frameshift

bθ Mediterranean 7 4.43

Codon 39 [C>T] HBB:c.118C>T RNA translation/
Nonsense codons

bθ Mediterranean 7 4.43

IVS 1.5 [G>C] HBB:c.92+5G>C RNA processing/
Consensus splice 

sites

b+ Asian Indian, 
SE Asian

5 3.16

-30 [T>A] HBB:c.-80T>A Transcriptional 
variants/Promoter 

regulatory elements

b+ Mediterranean, 
Bulgarian

4 2.53

-87 [C>G] HBB:c.-137C>G Transcriptional 
variants/Promoter 

regulatory elements

b++ Mediterranean 3 1.90

-101 [C>T]*ª HBB:c.-151C>T Transcriptional 
variants/Promoter 

regulatory elements

b++ (Silent) Mediterranean 3 1.90

Codon 6 [-A] HBB:c.20delA RNA translation/
Frameshift

bθ Mediterranean, 
U.S. Blacks

1 0.63

IVS 1.130 
[G>C]*ª

HBB:c.93-1G>C RNA processing/
Splice junction

bθ Italian, 
Japanese, UAE

1 0.63

Codon 44 [-C]*ª HBB:c.135delC RNA translation/
Frameshift

bθ Kurdish 1 0.63

IVS 2.848 [C>A] HBB:c.316-3C>A RNA processing/
Consensus splice 

sites

b+ UB Blacks, 
Egyptian, 
Iranian

1 0.63

The analysis is presented as the mean percentage of the total number of patients. *ªNever been reported or published in a  Jordanian 
population. HGVS – Human Genome Variation Society [1, 26]. Available at HbVar database: http://globin.bx.psu.edu/hbvar.

ference between variants’ distribution; the IVS 1.5 
[G>C] mutation, which is rare in Jordan, Syria, Leb-
anon, Palestine, Tunisia, Algeria, and Turkey [11], 
has a much higher frequency in Oman, the United 
Arab Emirates, Kuwait, and Saudi Arabia and con-
stitutes the most common mutation in Oman as 
well as in UAE [12]. This difference could be the 
result of continuous links between the Jordani-
an population and northeastern Mediterranean 
countries, as compared to the geographic isolation 
between the Jordanian population and other Arab 
countries.

The IVS 1.6 [T>C] variant was found to be the 
most recurrent in Palestine, accounting for 28.7%, 

and 40% in Egypt; IVS 1.1 [G>A] ranked third 
among the most recurrent b-thalassemia vari-
ants in Palestine and Egypt, with 9% and 24%, 
respectively, which is most likely due to the close 
relationship between these populations in Jordan 
[13]. These variants are a  rarity in Saudi Arabia, 
Bahrain, Oman, and Tunisia [12]. In the present 
study, the most recurrent variant was IVS 1.6 
[T>C], and IVS 1.1 [G>A] ranked third among the 
most recurrent variants of b-thalassemia, consis-
tently with previous findings.

IVS 1.110 [G>A] (13.29%) is ranked as the 
second most common variant in Jordan, but is 
the variant most distributed in the countries sur-

http://globin.bx.psu.edu/hbvar
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rounding Jordan including Syria, Iraq, Lebanon, 
Egypt, and Turkey [8, 14]. Its neighboring countries 
are in agreement with the possible ancient Greek 
origin of this mutation [11]. Furthermore, the fre-
quency distribution of the IVS 1.110 [G>A] variant 
is less than 2% in UAE, Bahrain, and Oman [12, 15].

The IVS 2.1 [G>A] variant, which is co-ranked 
with the IVS 1.110 [G>A] variant (13.29%) as the 
second most common variant in Jordan, is also the 
second ranked variant in Iraq, Saudi Arabia, and 
Bahrain. It is the most common variant in Kuwait 
with 29% [12]. The lowest frequency was reported 
in Palestine, the UAE, and Oman [12, 13, 15].

The current study reported three variants that 
had not been previously reported in Jordan. The 
first one is -101 [C>T]; this variant was reported 
in Syria, UAE, and Turkey. IVS 1.130 [G>C] is the 
second variant and has been reported in Syria, 
Iraq, and Saudi Arabia. The third variant is codon 
44 [-C]; this variant has been reported in Syria, 
Iraq, Saudi Arabia, Lebanon, Kuwait, UAE, Bahrain, 
Oman, Tunisia, and Turkey [8, 12, 15].

In conclusion, this study compared the spec-
trum and distribution of various variants with 
other studies to determine the current prevalence 
of b-thalassemia variants in Jordan. The b-thalas-
semia variants -101 [C>T], IVS 1.130 [G>C], and 
codon 44 [-C] have never been reported in a Jorda-
nian population. 

Acknowledgments

We would like to acknowledge the biomedi-
cal scientists at Biolab diagnostic laboratories for 
supporting this work and the financial support 
obtained through the Deanship of Scientific Re-
search at Al-Balqa Applied University, Salt, Jordan 
(grant 44229). 

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1. Elmezayen AD, Kotb SM,  Sadek NA,  Abdalla EM. Be-

ta-globin mutations in Egyptian patients with beta-thal-
assemia. Lab Med 2015; 46: 8-13.

2. Ministry of Health – Jordan. Health & economic burden 
of b-thalassemia in Jordan for 2019. 

3. Vucak J, Turudic D, Milosevic D, et al. Genotype-pheno-
type correlation of beta-thalassemia in Croatian pa-
tients: a specific HBB gene mutations. J Pediatr Hematol 
Oncol 2018; 40: e77-82.

4. Taher AT, Musallam KM, Cappellini MD. Beta-thalas-
semias. N Engl J Med 2021; 384: 727-43.

5. Asadov C, Abdulalimov E,  Mammadova T,  Gafarova S, 
Guliyeva Y, Aliyeva G. Genotype-phenotype correlations 
of beta-thalassemia mutations in an Azerbaijani popu-
lation. Turk J Haematol 2017; 34: 258-63.

6. Khan AM, Al-Sulaiti AM, Younes S, Yassin M, Zayed H. 
The spectrum of beta-thalassemia mutations in the 22 

Arab countries: a systematic review. Expert Rev Hematol 
2021; 14: 109-22.

7. Sadiq MF, Huisman TH. Molecular characterization of 
beta-thalassemia in north Jordan. Hemoglobin 1994; 
18: 325-32.

8. Jarjour RA, Murad H, Moasses F, Al-Achkar W. Molecu-
lar update of beta-thalassemia mutations in the Syrian 
population: identification of rare beta-thalassemia mu-
tations. Hemoglobin 2014; 38: 272-6.

9. Faraon R, Daraghmah M, Samarah F, Srour MA. Molec-
ular characterization of beta-thalassemia intermedia 
in the West Bank, Palestine. BMC Hematol 2019; 19: 4.

10. Alshorman A, Maghayreh M, Al Shorman A, Lafi M. The 
impact of mean corpuscular volume in identifying thal-
assemia trait through the premarital screening program 
in Northern Jordan. Jordan Med J 2010; 44: 476-80.

11. Sadiq MF, Eigel A, Horst J. Spectrum of beta-thalassemia 
in Jordan: identification of two novel mutations. Am  
J Hematol 2001; 68: 16-22.

12. Daar S, Gravell D. Diagnosis of Beta-thalassaemia carri-
ers in the sultanate of oman. Sultan Qaboos Univ Med J  
2006; 6: 27-31.

13. Darwish HM, El-Khatib FF, Ayesh S. Spectrum of be-
ta-globin gene mutations among thalassemia patients 
in the West Bank region of Palestine. Hemoglobin 2005; 
29: 119-32.

14. El-Shanshory M, Hagag AA, Shebl SS, et al. Spectrum of 
beta globin gene mutations in Egyptian children with 
beta-thalassemia. Mediterr J Hematol Infect Dis 2014; 
6: e2014071.

15. Baysal E. Molecular basis of beta-thalassemia in the 
United Arab Emirates. Hemoglobin 2011; 35: 581-8.


