& frontiers | Frontiers in Pediatrics

'.) Check for updates

OPEN ACCESS

EDITED BY
Petros Kountouris,

Cyprus Institute of Neurology and Genetics,
Cyprus

REVIEWED BY
Indra Lesmana,

Faculty of Biology Universitas Gadjah Mada,
Indonesia

Paloma Ropero,

San Carlos University Clinical Hospital, Spain

*CORRESPONDENCE
Bahram Darbandi
darbandi45@gums.ac.ir

SPECIALTY SECTION
This article was submitted to Pediatric

Hematology and Hematological Malignancies, a

section of the journal Frontiers in Pediatrics

RECEIVED 07 September 2022
ACCEPTED 02 March 2023
PUBLISHED 22 March 2023

CITATION

Asghari Ahmadabad M, Pourreza N,
Ramezanpour S, Baghersalimi A, Enshaei M,
Askari M, Alizadeh A, Izadi E and Darbandi B
(2023) An analysis of the distribution and
spectrum of alpha thalassemia mutations in
Rasht City, North of Iran.

Front. Pediatr. 11:1039148.

doi: 10.3389/fped.2023.1039148

COPYRIGHT

© 2023 Asghari Ahmadabad, Pourreza,
Ramezanpour, Baghersalimi, Enshaei, Askari,
Alizadeh, Izadi and Darbandi. This is an open-

access article distributed under the terms of the
Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are

credited and that the original publication in this

journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Pediatrics

Original Research
22 March 2023
10.3389/fped.2023.1039148

An analysis of the distribution

and spectrum of alpha thalassemia
mutations in Rasht City,

North of Iran

Mona Asghari Ahmadabad’, Noushin Pourreza’,

Setareh Ramezanpour’, Adel Baghersalimi’, Mersedeh Enshaei’,
Marjan Askari’, Amirhossein Alizadeh’, Elahe Izadi'

and Bahram Darbandi'*

'Pediatric Department, Pediatric Diseases Research Center, 17 Shahrivar Children’s Hospital, School of
Medicine, Guilan University of Medical Sciences, Rasht, Iran, ?Department of Genetic Disorders,Razi
Pathobiology and Genetics Laboratory, Rasht, Iran

Background: Alpha thalassemia is one of the most common hereditary
hemoglobin disorders worldwide, particularly in the Middle East, including Iran.
Therefore, determining the spectrum and distribution of alpha thalassemia
mutation is a fundamental component of preventive approaches and
management strategies.

Methods: The present study reviews the genetic testing and blood laboratory
results of 455 candidates eligible for marriage who were suspected of being
thalassemia carriers and on whom genetic testing was performed from
21 March 2013 to 31 December 2020 in Rasht City.

Results: A total of 114 (25.05%) alpha thalassemia cases were identified. Fifteen
different alpha mutations were found. The most common mutation among the
study population was —o>” deletion in 55 patients (48.24%), followed by Hb
Constant Spring (C.S) in 21 patients (18.42%) and poly A2 in 16 (14.03%). Also,
most of the patients were silent carriers. The deletion type of mutation was
much more common than non-deletion mutations.

Conclusion: Our study reveals genetic heterogeneity and alpha thalassemia
diversity among the Rasht City population. We expect that these findings will
help guide premarital screening and genetic counseling, prenatal diagnosis of
thalassemia, preventive strategy development, as well as a compilation of the
alpha thalassemia catalog in Guilan province.

KEYWORDS

alpha thalassemia, genetic mutation, genetic diagnosis, molecular spectrum, Rasht,
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Introduction

Hemoglobin disorders are a health issue in countries with high birth rates worldwide (1).
Alpha thalassemia is an inherited, autosomal recessive disorder in which alpha-globin gene
expression is suppressed or reduced and is characterized by microcytic hypochromic anemia.
It is one of the most common monogenic gene disorders (2). The most affected individuals
present variable degrees of anemia, reduced mean corpuscular hemoglobin (MCH) and
mean corpuscular volume (MCV), as well as an average to a slightly decreased level of
hemoglobin A2 (HbA2) (3).
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The HBA1 and HBA2 genomes are located on chromosome 16
(16p13.3) and encoded functional alpha genes (0,0,/0,,0,4) in the
human diploid genome, which are responsible for the production
of alpha-globin chains (4, 5). According to previous studies, gene
deletion accounted for more than 95% of alpha thalassemia cases
and was followed by point mutations (6). The absence of both
genes on a chromosome is denoted as o alleles, while a partial
deletion of o, and/or o, is denoted as o and leads to decreased
o-globin chain synthesis (7). The absence of one gene (—a/owr)
causes the silent a-thal carrier, and the absence of two genes
(=/oo, —o/—a) causes the o-thal trait that results in mild
hypochromic microcytic anemia. Also,
(—/—0) generates Hemoglobin H disease (Hb H), which is

three-gene deletion

associated with moderate to severe anemia. Thus, Hb Barts
hydrops fetalis (Y'4) is produced by deleting all four genes and
causes a fatal situation (8). The —o®’ mutation is the most
prevalent (43.84%), followed by the oVS™V/ND  yith a
prevalence rate of 4.91%. The less-frequent mutations are Hb
ICARIA and o codonl6 (9).

The Iranian National Thalassemia Screening Program has been
successful in significantly decreasing thalassemia major infant birth
rates during the past two decades. Still, as a part of the “thalassemia
belt,” Iran is a country with a very high rate of thalassemia carriers
(10). Since Iran has a large population representing multiple ethnic
groups, we need to determine the distribution of the o-globin gene
mutation across the country. Therefore, this study aims to
investigate the spectrum and distribution of alpha thalassemia
mutations among candidates eligible for marriage in Rasht city,
who were subjected to genetic testing from 2013 to 2020.

Materials and methods
Study design and data collection

This retrospective study was conducted at a referral premarital
screening health center in Rasht. Based on the latest edition of the
thalassemia screening program, all candidates of marriageable age
must be referred to the health center for the purpose of
obtaining a premarital certificate. Individuals of all age groups
who were subjected to genetic testing were enrolled in this study
from 21 March 2013 to 31 December 2020. Firstly, we retrieved
the medical records of health centers to provide a list of patients
on whom genetic testing was performed. Secondly, the genetic
testing results were reviewed.

Candidates were selected for this study if they met the
following criteria: (1) should be an Iranian citizen and (2)
genetic testing results were available. Exclusion criteria included
(1) patients who came from outside the province and (2) those
with incomplete medical files.

According to the Iranian National Thalassemia Screening
Program, male blood indices are checked in the first step, and if
the person has microcytosis and/or hypochromic anemia (MCV <
80 and/or MCH < 27), female blood indices are also checked. When
both have microcytosis and/or hypothermia, HbA2 concentration is
measured, and if the level is higher than 3.5%, it becomes a
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diagnostic criterion for the beta-thalassemia trait. Individuals with
HbA2 <3.5 underwent iron therapy for 1-3 months; then, their
blood indices were rechecked; if the indices were not corrected, they
were referred for genetic evaluation (Figure 1).

To ascertain the cell blood count, 2mL of venous blood
samples in an ethylene diamine tetraacetic acid (EDTA)-
containing tube were obtained from individuals; hematological
parameters were evaluated using the KX2IN Sysmex device, and
high-performance liquid chromatography (HPLC) was carried
out to measure the HbA2 level.

A DNA study was performed in the genetic laboratory to detect
gene mutation using gap-PCR and Sanger sequencing. Also,
Multiplex Ligation-dependent Probe Amplification (MLPA) was
performed if necessary [first-step prenatal diagnosis (PND)].

Altogether, 814 couples underwent genetic testing from 21
March 2013 to 21 December 2020; 1,140 patients had met the
minor-B thalassemia criteria (MCV <80 or MCH <27 and 3.5<
HbA2<7), and 439 of them were suspected to be low-risk
individuals (26 < MCH < 27 and 75 < MCV < 80 and HbA2 < 3.2).

The medical files of all marriageable candidates referred to
Health Center No. 5 in Rasht for the purpose of obtaining
marital certificates and performing genetic tests were reviewed to
fulfill the inclusion criteria distinctly. Data and information on
the type of genetic mutation, sex, MCV, MCH, Hb A2, and Hb
were extracted using their case number code in the Health
Center’s registry system. In the end, 455 candidates met all
inclusion criteria.

Ethical aspect

This study was first approved by the Pediatrics Research Center
of the 17 Shahrivar Hospital of the Guilan University of Medical
Sciences. Also, the Ethics Research Committee of the Guilan
University of Medical Sciences approved it with the code number
IR.GUMS.REC.1396.595. We accessed patients’ medical records
in the study without revealing their names and personal
information. Also, we reviewed the data retrospectively, so that
our study did not impact patient diagnosis or management.

Statistical analysis

The collected data were statistically analyzed using IBM SPSS
Statistics for Windows, version 26.0. Mean, maximum, minimum,
and standard deviation were used to describe quantitative variables
(Hb and MCV), and frequency and percentage were used to
describe qualitative variables (genetic mutations).

Results

Among the 455 patients who were referred for genetic testing,
114 (25.07%) with alpha thalassemia mutations were discovered,
with 64 (56.14%) men and 50 (43.86%) women. As shown in
Table 1, 3.7 single-gene deletion was the most prevalent
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mutation that was identified in 55 patients (48.24%), followed by
Hb Constant Spring (C.S) in 21 patients (18.42%), and poly A,
in 16 (14.03%).

Fifteen different alpha gene mutations were found. The total
mean of Hb was 13.58 +1.39 (g/dL), MCV was 76.10 +5.05 (fL),
MCH was 2447 £2.10 (pg/cell), and Hb A, was 2.72+1.23.
Table 2 shows red blood indices and Hb A, variations distinctly
for each alpha mutation type.

Based on the genetic test results, 93 patients (81.58%) were
found to be silent carriers (¢°), and 21 (18.42%) had the alpha
thalassemia trait (o*). The most common type of mutation was
deletion, detected in 56 patients (49.12%), while non-deletion
was traced in 44 (38.60%) (Table 2).

Discussion

In this study, we investigated the alpha thalassemia mutation in
Rasht City in Gilan province (located in the north of Iran and

southwest coast of the Caspian Sea). We identified 15 different
mutations in this area. Gilan province has a diverse ethnic
distribution; a majority of the population belong to the Gilaki
ethnic group, followed by Talysh and Kurds (11).

37 was the most common

As expected, we found that —o
mutation among the study population, contributing to 48.24% of
individuals; this finding is consistent with that of the previous
studies in Iran (11-15). These results also align with those of
neighboring countries (16-18). The second and third most
common mutations found in our study were Hb C.S and poly
A,, respectively. Our study results have several similarities with
those of Hadavi et al. from Guilan, who found that —o’’
(42.5%) was the most common mutation, followed by poly A,
(12.4%) and Hb C.S (10.6%), and those of Tamaddoni et al.
from Mazandaran province (neighboring province), who showed
that —a>” and poly A, were the first and second common
mutations (19). However, our finding is at variance with those of
earlier studies conducted in Greece (20), Turkey (17), United
Arab Emirates (21), and former research from Iran in 2003 (22),
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TABLE 1 Frequency and prevalence of the genotype, phenotype, and mutation type of patients.

Genotype HGVS nomenclature Phenotype Mutation type Prevalence (%) | Frequency
—o*7 /oo NG_000006.1:g.34164_37967del3804 Silent carrier | Deletion 9.45 43
—a*?/o0 NC_000016.10:g.169818_174075del Silent carrier | Deletion 1.1 5
— —MEP/ge, NG_000006.1:g.(23641_23662)_(41183_41203)del | o-Thal trait Deletion 0.88 4
—(0)***/a0t NG_000006.1:¢.(18148_18200)_(37868_37901)del | o-Thal trait Deletion 0.44 2
0C.301-24delinsCTCGGCCC/ao. | HBA2:¢.301-24delinsCTCGGCCC Silent carrier Deletion 0.44 2
Total 56
oSS afoo HBA2:c.427T>C Silent carrier Non-deletion 3.74 17
P A o /g0, HBA2:c*92A > G Silent carrier | Non-deletion 3.08 14
o~ oot HBA2:¢.95 +2_95 + 6del TGAGG Silent carrier Non-deletion 0.88 4
a4 19 /00 Silent carrier Non-deletion 0.66 3
o HblICaria o/oo HBA2:c427T > A Silent carrier Non-deletion 0.44 2
P Al /o0, HBA2:c*93_*94del AA o-Thal trait Non-deletion 0.22 1
oCodon 99 Lys > Stop/ow HBA1:c.298A>T Silent carrier | Non-deletion 0.22 1
o o VSIAA>Gg g HBAl:c.95+4A>G Silent carrier Non-deletion 0.22 1
a€don 22 /o0 HBA2:c.69C>T Silent carrier Non-deletion 0.22 1
Total 44
—a7aPely Al g o-Thal trait Non-deletion/non-deletion 0.44 2
aPl AL /6 CS o o-Thal trait Non-deletion/non-deletion 0.22 1
&S a/a"S o o-Thal trait Non-deletion/non-deletion 0.22 1
—o?7/—a7 o-Thal trait Deletion/Deletion 1.76 8
-7 105 o-Thal trait Deletion/non-deletion 0.44 2
Total 14
Total 25.07 114

which demonstrated a low frequency of Hb C.S. This mutation had
two different origins that caused Chinese and Mediterranean
variants (11), so there was a possible gene flow in recent years
from these two areas that resulted in an increasing frequency of
Hb C.S.

Hb C.S is an a-chain variant caused by a point mutation; a base
exchange (TAA-CAA) at the stop codon of the o, globin gene
resulted in an unstable o-globin mRNA and decreased o-globin
chain production (23, 24). We identified one homozygous Hb
C.S in our study without a history of blood transfusion and
splenomegaly, which is a rare disorder in Western countries
compared with Asia (25). Homozygous Hb C.S causes non-
transfusion-dependent ~ thalassemia without any signs of
hepatosplenomegaly in adults, but it could cause severe anemia
in the fetus that might slightly resolve after birth. The first case
of hydrops fetalis due to homozygous Hb C.S was reported in
2006 in Thailand (26). Anemia during intrauterine life could
result

metabolic disorders in adulthood because of hypoxia-related

in serious health issues such as cardiovascular and
cellular damage (27-29). A case series study from Thailand
reported six cases of patients with homozygous Hb C.S. The
diagnosis was made by performing cordocentesis after the

TABLE 2 Red blood cell indices and Hb A, (mean+SD) of alpha
thalassemia gene mutations.

N Hb A, (%) MCV (fL) Hb MCH
(mean+SD) | (mean % SD) (g/dL) (pg/cell)
0 93 2.6+0.79 77.34+£4.03 13.70 £ 1.40 24.90 + 1.67
+ 21 2.77 £1.78 70.62 £5.73 13.18 £1.29 22.47 £2.67
Frontiers in Pediatrics 04

ultrasound anomaly scan indicated cardiomegaly, increased
cardiothoracic diameter, high middle cerebral artery peak systolic
velocity (MCA-PSV), and various degrees of hepatic and
placental enlargement, and also some hydropic signs such as
ascites. All these patients received intrauterine blood transfusion
treatment; two patients had mild anemia after birth that resolved
with phototherapy (30). Our results showed a high Hb C.S
frequency, which contrasted with that of the previous study (22).
The high prevalence of Hb C.S highlights the need for healthcare
systems to pay significant attention to it because of the risk of
Hb H disease caused by non-deletional mutations such as Hb
C.S as well as intrauterine management approaches (30, 31).

We identified four patients with— —*° in the study
population. This mutation has a high prevalence in the
Mediterranean area (32). Given the high rate of occurrence
frequency of consanguineous marriages in Iran, we can expect an
increased frequency of Hb H disease occurrence and possible
hydrops fetalis.

Based on genetic mutations, most patients were recognized as
They had normal Hb and mild
hypochromic microcytic without anemia; as demonstrated in

silent carriers. levels
previous studies, most alpha thalassemia silent carriers either
have mild anemia or their condition will be normal (33-35). It is
possible to miss a diagnosis of Alpha thalassemia during life.
Therefore, we expected a more broad distribution of alpha
thalassemia mutations (3).

A high prevalence of alpha thalassemia mutations is found in
the Mediterranean and Middle Eastern regions. Based on
previous studies, it is found that up to 40% of these populations
are carriers (36, 37). In this study, we found that the ethnic
of most of the identified mutations

background was
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Mediterranean and Middle Eastern mutation types. The type of
alpha thalassemia mutations varies depending on geographic
regions. However, our result is in tune with Iran’s geographic
location (38).

Conclusion

Iran is located in a high-prevalence alpha thalassemia
geographic region. Due to cultural habits and customs and an
increased frequency of consanguineous marriages, investigating
mutation types and identifying alpha thalassemia carriers, as well
as making a prenatal diagnosis of alpha thalassemia, have
become critical to achieving better prevention and management.
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