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ABSTRACT

Introduction: Alpha-thalassemia (a-thalassemia) is caused by a range of mutations in the a-globin
gene resulting in the complete reduction or absence of a-globin chain production.

Material and methods: This study assessed the presence of a-thalassemia in 3,823 patients referred
to Al-Zahra Hospital, Isfahan, Iran during a 10-year period (from 2012 to 2022). These patients
experienced anaemia for more than ten years but had not the full indication for B-thalassemia or
iron deficiency.

Results: Based on the present assessment, 3,483 cases out of 3,823 suspicious cases had an
a-Thalassemia-involved mutation (91.1%). According to the results, the most common detected
mutation in the a-thalassemia carriers of Isfahan province was -a3’ with a frequency of 81.58%
(3,119 individuals), followed by a*™ (-TGAGG) (3.71% in total or 39.01% between 364 patients),
polyadenylation signal mutations (polyA2) (14.28% between 364 patients), a©"'® (GCG4GC-, a2)
(11.53%), —a37/-a37 (11.53%), —a*°* (7.69%), Hb Constant Spring [Hb CS, a142, Stop>GIn; Hb A2:
C.427T4C] (5.7%), a*? (5.49) and - " (4.67%).

Conclusion: The results of this investigation may be valuable for designing a program for carrier
screening, premarital genetic counselling, and prenatal diagnosis in the Isfahan province.
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INTRODUCTION

Thalassemia is an inherited group of blood disorders
that is caused by the unusual production and formation
of globin chains (structural units forming haemoglobin
protein). Based on the disease-involved globin chain,
thalassemia is categorized into two a- and B-thalassemia
[1]. Alpha thalassemia (a-thalassemia) has been reported
to be the most common monogenic disorder, which affects
about 5% of the world’s population [2]. Depending on the
number of affected globin genes, the clinical symptoms of
a-thalassemia place in range from almost asymptomatic
anaemia to fatal haemolytic anaemia. More than 80 differ-
ent genetic mutations have been described to be involved
in a-thalassemia, whereas most of them are deletions [3, 4].

Depending on the number of mutated a-globin
genes, a-thalassemia can be classified as a* and a° in
which, a* patients experience a reduction in the a-globin
synthesis, while a° patients have no a-globin production
(a-thalassemia major). Patients with a-thalassemia major
(a°/a®) usually die in the uterus or shortly after birth. In
contrast, patients with alpha thalassemia minor (a%a*)
may develop mild to moderate anaemia and rarely need
blood transfusions [5].

Studies have shown a unique mutational profile in
different populations. In other words, in each population,
few mutations are highly frequent, while the others have
a low allelic frequency [6]. In this case, identification of
the most frequent a-globin mutation in different popu-
lations and/or regions may improve prenatal diagnosis
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Figure 1. A map of Iran showing the Isfahan province and others discussed in this study. West Azer: West Azerbaijan, Ham: Hamadan, Chah:

Chaharmahal & Bakhtiari, Kohg: Kohgiulyeh & Boyer-Ahmad

(PND) and carrier screening processes [7]. This especially
is worthwhile for the countries placed in the “thalassemia
belt”. The “thalassemia belt” consisted of countries with
a high prevalence of thalassemia including Iran [7, 8]. To
prevent and control severe thalassemia, the Ministry of
Health of Iran has implemented a thalassemia screening
program to diagnose thalassemia carrier parents for more
than 20 years [9]. Previous studies have reported a broad
spectrum of a-thalassemia mutations in different parts
of Iran (especially Isfahan), and findings have shown that
—-a?7 (rightward deletion), &> (-TGAGG), a*? (leftward), the
polyadenylation signal (polyA2) site (AATAAA4AATGAA),
and - -0 are the most common mutations found among
Iranian patients from different origins [7, 10, 11]. As more
than 5 million people live in Isfahan Province, and this
Province has a heterogeneous population in the central
region of Iran (Figure 1), it seems worthy to evaluate the
frequency of these mutations in a regional platform.
Regarding theses, the present study aims to explore
the a-thalassemia mutation spectrum and their hemato-
logical indices of people of childbearing age referred to

Alzahra University Hospital, the central academic hospital
in Isfahan.

MATERIAL AND METHODS
Editorial policies and ethical considerations

The study was approved by the Ethics Committee of Isfahan
University of Medical Sciences. A written informed consent
form was completed by the participants before sampling
or their inclusion in the study.

Patients

The characteristics of all patients who were suspected of
thalassemia (by examining blood indices) and were of re-
productive age were evaluated for 10 years (2012-2021). All
thalassemia carriers were diagnosed based on their blood
indices, including hemoglobin (Hb) < 12 g/dL, mean cell
volume (MCV) < 80.0 fL, mean corpuscular hemoglobin
(MCH) < 27.0 pg, and normal Hb A2 levels.
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Table 1. Allele frequency of a-thalassemia mutations in different regions of Iran

Region —a37 aPolyA2 qeodon19
(GCGAGC-) (a2)

Khuzestan [%] 70.8 0.70 9.80 1.40
Mazandaran [%] 49.53 15.19 5.84 8.76
Kerman [%] 83.80 0.50 0.30 3.70
Hamadan [%] 61.04 5.52 6.17 4.87
Lorestan [%)] 56.35 9.39 6.08 1.66
Hormozgan [%] 79.10 NR NR 1.70
Golestan [%] 54.30 3.70 16.00 8.60
Khorasan [%] 66.30 2.90 3.80 8.60
Shiraz [%] 43.84 245 1.26 2.32
Kohgiulyeh & Boyer-Ahmad [%] 84.02 5.74 NR 1.23
Gilan [%] 37.00 11.10 11.10 3.70
llam [%] 66.23 3.95 NR 833
Kurdistan [%] 7032 7.74 1.94 6.45
Azerbaijan [%] 76.81 1.07 4.29 4.96
Fars [%] 68.66 4.20 213 3.81
Sistan & Baluchestan [%] 76.52 NR 0.30 244
Isfahan [%] 70.78 4.21 0.97 4.85
Tabriz [%] 81.50 1.10 5.10 5.20
Tehran [%] 57.80 4.04 8.09 4.04
Iran (in total) [%] 67.10 6.78 3.60 4.68

8.40 0.70 [14]
3.04 NR NR NR 5.49 [15]
5.70 NR NR 5.70 NR [16]
227 NR 3.57 10.06 NR [17]
NR NR 0.55 15.47 NR [18]
12.20 NR NR 430 NR [19]
NR NR NR 25 NR [20]
NR 1.90 NR 7.7 NR [20]
233 NR 0.44 NR 491 [21]
4.92 NR 1.64 1.23 NR [22]
NR 7.40 NR 11.10 NR [20]
NR NR 0.88 10.09 NR [23]
0.65 NR NR 1.29 NR [24]
NR NR 3.89 1.61 NR [25]
3.92 NR 0.75 8.26 NR [21]
3.96 NR NR 16.77 NR [26]
1.62 NR 3.88 8.74 NR [7]
NR NR 440 1.70 NR [25]
1.70 NR 5.80 14.40 NR [27]
2.60 NR 0.97 5.99 NR [28]

NR — not reported

Exclusion criteria included patients with confirmed
B-thalassemia, iron deficiency anaemia, and/or unavaila-
bility of genetic documents.

Sample collection and DNA extraction

The study was approved by the Ethics Committee of Isfahan
University of Medical Sciences. After obtaining the written
informed consent, the blood sample of the patients was
collected (10 mL). Afterwards, genomic DNA was extracted
using the high salt extraction technique as explained by
Miller et al. [12].

Polymerase chain reaction (PCR)

The multiplex polymerase chain reaction (multiplex-PCR)
protocol, primer sequences designation, and PCR cycling
conditions were set up based on Chong et al. [13] instruc-
tions. This method was used as a primary screening trial
for common deletion mutations (a7, a*2, a?**, and — -MEP)
followed by reverse hybridization using the a-globin Strip-
Assay (ViennnalLab Diagnostics, Vienna, Austria) to discover
other mutations including codon 14 (G4A) (a1), codon 19
(-G) (a2), IVS-l, 5nt (-TGAGG) (a2), codon 142 (T4Q) (a2),
codon 59 (G4A) (a2), polyadenylation signal (polyA1) site
(AATAAA4AATAAG) (a2), and polyA2 (AATAAA4AATGAA)
(02). These mutations were not covered by the primary
polymerase chain reaction (PCR). The results of PCR were
confirmed by the DNA Sanger sequencing technique.

26 https://journals.viamedica.pl/hematology_

Statistical analysis

The Statistical Package for Social Sciences; version 26 soft-
ware (SPSS Inc, Chicago, IL, USA) is used for data analysis.

RESULTS
Patients demographics

We have screened 3,823 individuals (1,949 males and
1,874 females aged 18-45 years old) for the a-globin gene
mutations, who were referred to the Genetics Laboratory
of Alzahra Hospital, Isfahan, Iran from 2012 to 2022. For this
purpose, the presence of 9 different a-thalassemia-related
mutations was assessed using multiplex PCR and reverse
hybridization methods. The mutations were selected based
on the previous studies performed on the Iranian subpopu-
lations. Results of the previous studies along with the allele
frequency of different a-thalassemia mutations in Iranian
sub-populations are summarized in Table 1 [14-28]. Also,
340 individuals were excluded as no a-globin gene muta-
tion has been detected in them (8.9%). The lack of a-globin
mutations in these subjects was confirmed using DNA
sequencing.

Mutation analysis

Among all 9 studied mutations, the a®*’/aa genotype was
the most prevalent one (81.50%) (Table 2), while the other
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Table 2. Overview of a-thalassemia mutation frequencies and mean (+ standard deviation) of hematological values

o*’/aa 3,119 81.58 1453 +2.53 2558+ 1.54 78.25+1.50 97.43 £0.96 2.56 +0.96
Other mutations 364 9.52 13.38+1.33 23.14+£2.15 73.23£517 97.29 £0.87 248 +0.52
No mutation 340 8.90 13.5+£0.29 25.48 +£0.30 76.45 +1.48 97.93+£0.98 2.06 +0.98

Hb — hemoglobin; MCH — mean corpuscular haemoglobin; MCV — mean cell volume

Table 3. Less frequent a-thalassemia mutations and mean (+ standard deviation) of hematological values
Genotype N [%] Hb [g/dL] MCH [pg] MCV [fL] Hb A1 [%] Hb A2 [%]
a’/aa 142 39.01 13.24+0.83 22.72+1.69 73.53+3.39 97.43 +£0.38 247 +£0.31
aPYR2/qa 52 14.28 14.03 £1.49 2450+ 1.95 75.51£6.34 97.40 £ 0.41 243+0.32
aceden?/aq 42 11.53 1347 +£1.18 2453+1.55 76.00 £ 3.90 97.32+0.46 2.54+0.37
-a37/-a37 42 11.53 13.27 £ 1.86 22,70+ 231 71.18+5.78 96.78 + 1.98 2.62+0.86
-a®5/aa 28 7.69 12.70 £ 1.58 20.40 +£1.85 66.63 +4.83 97.01+£1.10 2.36 +0.80
-a%/aa 21 5.7 13.69+ 1.64 2467 £1.43 75.57 £2.96 97.22 +£0.30 222+043
-a*?/aa 20 5.49 13.52+1.51 24.77 £1.00 75.82+3.10 97.47 +£0.21 2.54+0.20
- -M/aa 17 4.67 13.31+1.32 20.90 £ 0.86 66.86 + 2.89 97.31+£1.25 257+1.10

Hb — hemoglobin; MCH — mean corpuscular haemoglobin; MCV — mean cell volume

mutations were only detected in 8.9% of the studied pop-
ulation. In the case of assessing the 8 remained mutations,
the o®™/aa genotype was the most prevalent mutation in
the a-thalassemia carriers (39.01%), followed by aP°¥A%/aa
(14.28%), as well as a°®"'*/aa and —-a37/-a>? 4 with an equal
percentage (11.53%), respectively. Other detected muta-
tions were —-a***/aa (7.69%), Hb Constant Spring [Hb CS,
a142, Stop>GIn; Hb A2: c.427T4C] (5.7%),-a**/aa (5.49%),
and ——"¥®/aa (4.67%) (Table 3).

Analysis of the haematological indexes

To assess any probable relationship between a-thalassemia
mutations and complete blood count (CBC) indexes, some
factors were assessed including Hb, MCV, and MCH. In
this case, there was no significant difference between Hb
indexes, while people with —a?°/aa and —-"&®/aa showed
a slightly decreased MCH, and an approximately 5-units
decreased MCV (Table 3).

DISCUSSION

According to World Health Organization (WHO), Iran as
a Middle Eastern country is located in the thalassemia belt
[29]; therefore, to reduce the increasing number of thalas-
semia patients, a public premarital screening program has
been established since 1991. However, because of the very
heterogeneous nature of thalassemia, an important issue
in the case of thalassemia prevention and screening is to
know its mutational background. So far, numerous studies
have been performed to identify the a-globin mutationsin
different Iranian sub-populations, and at least 42 types of
a-thalassemia mutations have been reported [7, 19,30-32].
Despite these actions, thalassemiaiis still one of the leading
health problems in Iran [21, 33, 34]. As the Iranian popu-
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lation consisted of a broad range of sub-populations, it
is crucial to clarify a-thalassemia mutations in different
regions and subpopulations to make a better decision for
disease screening, prevention, and management. So, the
present study aimed to evaluate the a-globin mutations
in the Isfahan Province, Iran.

In concordance with the other studies performed on
the different Iranian sub-populations, the —a3’ deletion was
found to be the most prevalent a-thalassemia mutation in
carrier individuals of Isfahan (81.58% of all 3,823 studied
subjects) [16, 20, 22, 25, 28, 30, 31, 35-38]. The high prev-
alence of 37 deletion mutation may be due to the high
consanguinity rate among the Iranian population.

Based on the present findings, the —a*™ deletion
(39.01% out of all 364 patients with mutations other than
-a37) was the second most frequent mutation thatis in con-
cordance with the study performed on the neighbouring
provinces including Hamadan (10.06%), Sistan and Balu-
chestan (16.77%), Lorestan (15.47%), Tehran (14.40%), Fars
(8.26%), Kohgiluyeh and Boyer Ahmad (7.00%), and Kerman
(5.7%)[7,16, 18,20, 26, 27, 30]. However, the reported allele
frequencies in different provinces were different which may
be due to the sub-population diversity (Table 1) [14-28].

The —aPo¥A2 (14.28%), —a<°den9 (11.53%), —a3’/-a37
(11.53%), and —-a?> (7.69%) mutations were the subsequent
common mutations identified in this study, respectively.
These study results are in concordance with the results
obtained of —aP°¥*? point mutation analysis in Mazandaran
(15.19%), Gilan (11.10%), and Kurdistan (7.74%) provinces
in which, —aP°¥*? is also introduced as the third most fre-
guent mutation [20, 24]. Contrary to this study, studies in
the south of Iran have not reported this mutation [19, 26].
The frequency of —a®®"® (GCG4GC-) (a2) mutation and
homozygous deletion of -a3’/-a3” are equally reported
as the fourth most frequent mutation (11.53%). In a similar
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study previously conducted in Isfahan, the frequency of
homozygous deletion of -a*7/-037 was reported to be 2.8%
[7]. This difference may be due to the low sample size of
the previous study. Deletion of g (GCG4GC-) (a2) in
Fars as a neighbouring province (3.92%) was also reported
as the fourth mutation [21]. Itis important to note that this
mutation has not been reported in the studies performed
in Lorestan, Golestan, and Azerbaijan [18, 20, 25].

The frequency of —a?** mutation in this study is reported
to be 7.69%, while in many studies this mutation has not been
observed or has been introduced as a rare mutation [14, 16,
18-21, 24, 26, 28]. However, the allele frequencies reported for
the provinces of Tehran (5.80%), Azerbaijan (4.40%), and Isfahan
(3.88%) were similar to the present study [7, 25]. Differences
in the allele frequency percentages that are seen between
these studies and the present one may be due to the number
of participants and/or different studied sub-populations.

The — -ME0 deletion mutation is prevalent among Irani-
ans, Palestinians, and Arabs [4]. However, this mutation has
the lowest frequency in the present study (4.67%) which is
in concordance with the results obtained by Isfahan, Fars,
Sistan & Baluchestan, and Kerman [7, 16, 21, 26]. Accord-
ing to the present results, the —a?°* mutation (7.69%) was
more prevalent than the - =M (4.67%) which is similar to
the studies of Fars, Isfahan, and Tehran [7, 10, 21, 27], while
in Mazandaran, Hamadan, Lorestan, Kohgiluyeh & Boyer
Ahmad, Kurdistan, Gilan, Azerbaijan, and Khuzestan, the
- —-MED mutation occurred more frequently than the
—-a%®* mutation [4, 14, 17, 18, 20, 24, 25, 30, 31, 35, 38, 39],
which may be due to the studied sub-populations.

The frequency of Hb Constant Spring mutation [Hb CS,
a142, Stop>GlIn; Hb A2: c.427T4C] in this study was 5.8%. It
should be noted that this mutation has not been observed
in the other studies, except in Gilan (7.40%) and Khorasan
(1.90%) provinces [20].

We also found a probable relationship between -a?°*/aa
as well as — —-Mt®/aq, and the MCV index. While the thalas-
semia itself may result in a reduction in the MCV index, it
seems that the mentioned mutations may cause a more
severe microcytosis in red blood cells (RBCs). This finding
may be valuable in a faster screening of the carriers; how-
ever, it should be confirmed via further studies.

The results of this study indicated that there are a vari-
ety of a-thalassemia mutations in Isfahan Province, Iran. In
conclusion, this study’s results provide a better understand-
ing of a-globin mutations and their distribution in Iran.
Identification of the geographical distribution of a- and
B-thalassemia allelic frequencies is vital for a better diag-
nosis and management of B-thalassemia carriers. Moreover,
the results may also be useful for upgrading the genetic
counselling and PND processes in the at-risk groups.

Data availability statement

The data that support the findings of this study are available
on request from the corresponding author. The data are

not publicly available due to patients’ privacy or ethical
restrictions.

Article information

Conflict of interest: The authors declare no conflict of interest.

Funding: None.

REFERENCES

1. Mahdieh N, Rabbani B. Beta thalassemia in 31,734 cases with HBB gene
mutations: pathogenic and structural analysis of the common mutations;
Iran as the crossroads of the Middle East. Blood Rev. 2016; 30(6): 493-508,
doi: 10.1016/j.blre.2016.07.001, indexed in Pubmed: 27453201.

2. Weatherall DJ, Clegg JB. Inherited haemoglobin disorders: an increasing
global health problem. Bull World Health Organ. 2001; 79(8): 704-712,
indexed in Pubmed: 11545326.

3. Weatherall DJ. Phenotype-genotype relationships in monogenic disease:
lessons from the thalassaemias. Nat Rev Genet. 2001; 2(4): 245-255,
doi: 10.1038/35066048, indexed in Pubmed: 11283697.

4. Harteveld CL, Higgs D. o-thalassaemia. Orphanet Journal of Rare Diseases.
2010; 5(1), doi: 10.1186/1750-1172-5-13.

5. Piel FB, Weatherall DJ. The a-thalassemias. N Engl J Med. 2014; 371(20):
1908-1916, doi: 10.1056/NEJMra1404415, indexed in Pubmed: 25390741.

6. Zhang J, Zhu BS, He J, et al. The spectrum of a- and B-thalassemia
mutations in Yunnan Province of Southwestern China. Hemoglobin.
2012; 36(5): 464-473, doi: 10.3109/03630269.2012.717327, indexed in
Pubmed: 22943051.

7. Karamzade A, Mirzapour H, Hoseinzade M, et al. a-globin gene mutations
in Isfahan Province, Iran. Hemoglobin. 2014; 38(3): 161-164, doi: 10.3109
/03630269.2014.893531, indexed in Pubmed: 24826792.

8. Xu XM, Zhou YQ, Luo GX, et al. The prevalence and spectrum of alpha
and beta thalassaemia in Guangdong Province: implications for the
future health burden and population screening. J Clin Pathol. 2004; 57(5):
517-522, doi: 10.1136/jcp.2003.014456, indexed in Pubmed: 15113860.

9. Samavat A, Modell B.Iranian national thalassaemia screening programme.
BMJ. 2004; 329(7475): 1134-1137, doi: 10.1136/bmj.329.7475.1134,
indexed in Pubmed: 15539666.

10. Hadavi V, Taromchi AH, Malekpour M, et al. Elucidating the spectrum
of alpha-thalassemia mutations in Iran. Haematologica. 2007; 92(7):
992-993, doi 10.3324/haematol.10658, indexed in Pubmed: 17606454,

11. Neyshabouri M, Abbasi-Moheb L, Kahrizi K, et al. Alpha-thalassemia:
deletion analysis in Iran. Arch Irn Med. 2001; 4(4): 160-164.

12.  Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for
extracting DNA from human nucleated cells. Nucleic Acids Res. 1988;
16(3): 1215, doi: 10.1093/nar/16.3.1215, indexed in Pubmed: 3344216.

13. Chong SS, Boehm CD, Higgs DR, et al. Single-tube multiplex-PCR screen
for common deletional determinants of a-thalassemia. Blood. 2000; 95(1):
360-362, doi: 10.1182/blood.v95.1.360.

14, Khosravi A, Jalali-Far M, Saki N, et al. Evaluation of a-globin gene mutations
among different ethnic groups in Khuzestan Province, Southwest Iran.
Hemoglobin.2016;40(2): 113-117, doi: 10.3109/03630269.2015.1130720,
indexed in Pubmed: 26878087.

15.  Hashemi-Soteh SM, Karami H, Mousavi SS, et al. Alpha-globin gene
mutation spectrum in patients with microcytic hypochromic anemia
from Mazandaran Province, Iran. J Clin Lab Anal. 2020; 34(1): €23018,
doi: 10.1002/jcla.23018, indexed in Pubmed: 31478238.

16.  Saleh-GohariN, Khosravi-Mashizi A. Spectrum of a-globin gene mutations
in the Kerman Province of Iran. Hemoglobin. 2010; 34(5): 451-460, doi:
10.3109/03630269.2010.511587, indexed in Pubmed: 20854119.

17.  MoradiK, Aznab M, Biglari M, et al. Molecular genetic analysis of a-thalas-
semia in Hamadan Province, West Iran. Hemoglobin. 2020; 44(5): 319-324,
doi: 10.1080/03630269.2020.1800487, indexed in Pubmed: 32893703.

18.  Moradi K, Aznab M, Tahmasebi S, et al. The spectrum of a-thalassemia
mutations in the Lak population of Iran. Hemoglobin. 2019;43(2): 107-111,
doi: 10.1080/03630269.2019.1614049, indexed in Pubmed: 31304855.

19. Harteveld CL, Yavarian M, Zorai A, et al. Molecular spectrum of alpha-thal-
assemia in the Iranian population of Hormozgan: three novel point muta-

28 https://journals.viamedica.pl/hematology_in_clinical_practice


https://journals.viamedica.pl/hematology_in_clinical_practice
http://dx.doi.org/10.1016/j.blre.2016.07.001
https://www.ncbi.nlm.nih.gov/pubmed/27453201
https://www.ncbi.nlm.nih.gov/pubmed/11545326
http://dx.doi.org/10.1038/35066048
https://www.ncbi.nlm.nih.gov/pubmed/11283697
http://dx.doi.org/10.1186/1750-1172-5-13
http://dx.doi.org/10.1056/NEJMra1404415
https://www.ncbi.nlm.nih.gov/pubmed/25390741
http://dx.doi.org/10.3109/03630269.2012.717327
https://www.ncbi.nlm.nih.gov/pubmed/22943051
http://dx.doi.org/10.3109/03630269.2014.893531
http://dx.doi.org/10.3109/03630269.2014.893531
https://www.ncbi.nlm.nih.gov/pubmed/24826792
http://dx.doi.org/10.1136/jcp.2003.014456
https://www.ncbi.nlm.nih.gov/pubmed/15113860
http://dx.doi.org/10.1136/bmj.329.7475.1134
https://www.ncbi.nlm.nih.gov/pubmed/15539666
http://dx.doi.org/10.3324/haematol.10658
https://www.ncbi.nlm.nih.gov/pubmed/17606454
http://dx.doi.org/10.1093/nar/16.3.1215
https://www.ncbi.nlm.nih.gov/pubmed/3344216
http://dx.doi.org/10.1182/blood.v95.1.360
http://dx.doi.org/10.3109/03630269.2015.1130720
https://www.ncbi.nlm.nih.gov/pubmed/26878087
http://dx.doi.org/10.1002/jcla.23018
https://www.ncbi.nlm.nih.gov/pubmed/31478238
http://dx.doi.org/10.3109/03630269.2010.511587
https://www.ncbi.nlm.nih.gov/pubmed/20854119
http://dx.doi.org/10.1080/03630269.2020.1800487
https://www.ncbi.nlm.nih.gov/pubmed/32893703
http://dx.doi.org/10.1080/03630269.2019.1614049
https://www.ncbi.nlm.nih.gov/pubmed/31304855

Parvaneh Tavakoli Afshar et al., Type and frequency of thalassemia in Isfahan

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

tion defects. Am J Hematol. 2003; 74(2): 99-103, doi: 10.1002/ajh.10385,
indexed in Pubmed: 14508795.

Eftekhari H, Tamaddoni A, Mahmoudi Nesheli H, et al. A comprehensive
molecular investigation of a-thalassemia in an Iranian cohort from differ-
ent provinces of North Iran. Hemoglobin. 2017;41(1): 32-37, doi: 10.1080
/03630269.2017.1299753, indexed in Pubmed: 28385057.
Dehbozorgian J, Moghadam M, Daryanoush S, et al. Distribution of
alpha-thalassemia mutations in Iranian population. Hematology. 2015;
20(6): 359-362, doi: 10.1179/1607845414Y.0000000227, indexed in
Pubmed: 25553732.

Pouranfard J, Vafaei F, Rezaeian M, et al. Thalassemia gene mutations in
Kohgiluyeh and Boyer-Ahmad province. [JBC. 2020; 12(1): 18-23.
Moradi K, Aznab M, Biglari M, et al. Molecular genetic analysis of a-thalas-
semiain Hamadan Province, West Iran. Hemoglobin. 2020; 44(5): 147-152.
Alibakhshi R, Moradi K, Aznab M, et al. The spectrum of a-thalassemia mu-
tations in Kurdistan Province, West Iran. Hemoglobin. 2020; 44(3): 156-161,
doi: 10.1080/03630269.2020.1768863, indexed in Pubmed: 32588682.
Derakhshan SM, Khaniani MS, Afkhami F, et al. Molecular study of dele-
tional and nondeletional mutations on the a-globin locus in the Azeri
population of Northwestern Iran. Hemoglobin. 2016; 40(5): 319-322,
doi: 10.1080/03630269.2016.1240688, indexed in Pubmed: 27690152.
Miri-Moghaddam E, Nikravesh A, Gasemzadeh N, et al. Spectrum of
alpha-globin gene mutations among premarital Baluch couples in
southeastern Iran. Int JHematol Oncol Stem Cell Res. 2015;9(3): 138-142,
indexed in Pubmed: 26261699.

Zarbakhsh B, Farshadi E, Ariani Kashani A, et al. Molecular study of al-
pha-thalassemia mutations in Iranian potential carriers. Sci J Iran Blood
Transfus Org. 2010; 7(2): 70-77.

Valaei A, Karimipoor M, Kordafshari A, et al. Molecular basis of a-thalas-
semia in Iran. Iran Biomed J. 2018; 22(1): 6-14, doi: 10.22034/ibj.22.1.6,
indexed in Pubmed: 29115104.

Modell B, Darlison M. Global epidemiology of haemoglobin disorders and
derived service indicators. Bull World Health Organ. 2008; 86(6): 480-487,
doi: 10.2471/blt.06.036673, indexed in Pubmed: 18568278.

https://journals.viamedica.pl/hematology_in_clinical_practice

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Hossein F, Mohsen R, Mohsen M, et al. a-thalassemia mutations in two
provinces of Southern Iran: Fars & Kohkeloye and Bouyer Ahmad. He-
moglobin. 2012; 36(2): 139-143, doi: 10.3109/03630269.2012.657729,
indexed in Pubmed: 22401170.

Hadavi V, Jafroodi M, Hafezi-Nejad N, et al. Alpha-thalassemia muta-
tions in Gilan Province, North Iran. Hemoglobin. 2009; 33(3): 235-241,
doi: 10.1080/03630260903089029, indexed in Pubmed: 19657838.
Sarookhani MR, Asiabanha M. Spectrum of a-thalassemia mutations in
Qazvin Province, Iran. African Journal of Biotechnology. 2011; 10(77):
17690-17694, doi: 10.5897/ajb11.2168.

Abolghasemi H, Amid A, Zeinali S, et al. Thalassemia in Iran: epidemi-
ology, prevention, and management. J Pediatr Hematol Oncol. 2007;
29(4): 233-238, doi: 10.1097/MPH.0b013e3180437e02, indexed in
Pubmed: 17414565.

Zareifar S, Jabbari A, Cohan N, et al. Efficacy of combined desferrioxam-
ine and deferiprone versus single desferrioxamine therapy in patients
with major thalassemia. Arch Iran Med. 2009; 12(5): 488-491, indexed
in Pubmed: 19722772.

Tamaddoni A, HadaviV, Nejad NH, et al. Alpha-thalassemia mutation analy-
sesin Mazandaran province, North Iran.Hemoglobin.2009;33(2): 115-123,
doi: 10.1080/03630260902817297, indexed in Pubmed: 19373587.
El-Kalla S, Baysal E. Alpha-thalassemia in the United Arab Emirates. Acta
Haematol. 1998; 100(1): 49-53, doi: 10.1159/000040863, indexed in
Pubmed: 9691147.

Nashtahosseini Z, Nazemi A, Keihanian S, et al. Frequency of seven com-
mon deletion alfa-globins mutation carriers in suspect referred In West
Mazandaran, Iran. Electronic J Biol. 2016; 12(1): 18-21.

Rahim F. Microcytic hypochromic anemia patients with thalassemia:
genotyping approach. Indian Journal of Medical Sciences. 2009; 63(3):
101, doi: 10.4103/0019-5359.49286.

Hardison RC, Chui DHK, Giardine B, et al. HbVar: a relational database of
human hemoglobin variants and thalassemia mutations at the globin
gene server. Hum Mutat. 2002; 19(3): 225-233, doi: 10.1002/humu.10044,
indexed in Pubmed: 11857738.

29


https://journals.viamedica.pl/hematology_in_clinical_practice
http://dx.doi.org/10.1002/ajh.10385
https://www.ncbi.nlm.nih.gov/pubmed/14508795
http://dx.doi.org/10.1080/03630269.2017.1299753
http://dx.doi.org/10.1080/03630269.2017.1299753
https://www.ncbi.nlm.nih.gov/pubmed/28385057
http://dx.doi.org/10.1179/1607845414Y.0000000227
https://www.ncbi.nlm.nih.gov/pubmed/25553732
http://dx.doi.org/10.1080/03630269.2020.1768863
https://www.ncbi.nlm.nih.gov/pubmed/32588682
http://dx.doi.org/10.1080/03630269.2016.1240688
https://www.ncbi.nlm.nih.gov/pubmed/27690152
https://www.ncbi.nlm.nih.gov/pubmed/26261699
http://dx.doi.org/10.22034/ibj.22.1.6
https://www.ncbi.nlm.nih.gov/pubmed/29115104
http://dx.doi.org/10.2471/blt.06.036673
https://www.ncbi.nlm.nih.gov/pubmed/18568278
http://dx.doi.org/10.3109/03630269.2012.657729
https://www.ncbi.nlm.nih.gov/pubmed/22401170
http://dx.doi.org/10.1080/03630260903089029
https://www.ncbi.nlm.nih.gov/pubmed/19657838
http://dx.doi.org/10.5897/ajb11.2168
http://dx.doi.org/10.1097/MPH.0b013e3180437e02
https://www.ncbi.nlm.nih.gov/pubmed/17414565
https://www.ncbi.nlm.nih.gov/pubmed/19722772
http://dx.doi.org/10.1080/03630260902817297
https://www.ncbi.nlm.nih.gov/pubmed/19373587
http://dx.doi.org/10.1159/000040863
https://www.ncbi.nlm.nih.gov/pubmed/9691147
http://dx.doi.org/10.4103/0019-5359.49286
http://dx.doi.org/10.1002/humu.10044
https://www.ncbi.nlm.nih.gov/pubmed/11857738

	_Hlk133472536

