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Abstract
Hemoglobinopathies are major health problems among Iraqi Kurds, who are a distinct ethnic group inhabiting North and
Northeastern Iraq. We reviewed published literature on these disorders in this part of the world, and it was revealed that the
most prevalent is β-thalassemia with carrier rates of 3.7–6.9%. Alpha thalassemia is less prevalent with carrier rates of 0.03-
1.22%, while the sickle cell gene is variably distributed with carrier rates of 0.06–1.2%. Other structural hemoglobinopathies and
δβ-thalassemia are sporadic. Twenty-seven different β-thalassemia mutations were identified, with seven constituting 82% of
1039 chromosomes characterized, namely: IVS-II-1 (G>A), IVS-I-6 (T>C), IVS-I-I (G>A), codon 8 (−AA), codon 8/9 (+G),
IVS-I-110 (G>A), and codon 5 (-CT). There were notable regional variations in the distribution of β-thalassemia mutations, with
Cd44 being mainly prevalent in the North, while IVS-I-110 is mainly prevalent in the East. In relevance to α-thalassemia, ten
different mutations were detected, with the four most frequent constituting 92.4% of 262 alleles characterized being: −α3.7, –MED,
α−5ntα, and αPolyA1α. In relevance to sickle cell gene, it is seen in the northern part of the region bordering Turkey, with
comparable prevalence rates, and is associated, similar to Turkey, mainly with the Benin haplotype, unlike that in Southern
Iraq where it is associated with the Arab-Indian haplotype, similar to Eastern Arabian Peninsula. Given the high prevalence of
hemoglobinopathies in the region, and the high rates of consanguineous marriages, a preventive program was initiated in 2008,
and results of its first 5 years were promising, though there are still many outstanding challenges that require addressing.
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Introduction

Hemoglobinopathies are disorders affecting globin chain syn-
thesis and constitute the commonest autosomal recessive
inherited diseases worldwide, but particularly so in the
Eastern Mediterranean including Iraq (De Sanctis et al.
2017). They could be classified into either quantitative or
qualitative subtypes. In the former, it is the quantity of the
normal globin chains that are affected, and they are labeled
according to the deficient chain, e.g., α-, β-, and δβ-thalasse-
mias. Qualitative hemoglobinopathies, on the other hand, are
due to changes in the structure of the globin chains (also called
structural hemoglobinopathies) and include among others: he-
moglobin S, C, E, and D disorders (Weatheral and Clegg

2001). These disorders were first reported from Iraq in the
mid-1960s of the last century (Baker and Al-Quasi
1964;Taj-Eldin et al. 1968), and since then, they emerged as
important health problems, and with the increasing number of
cases, centers were established through the country, including
the Kurdistan region, for their care and management. Much of
the research focusing on these disorders in the Kurdistan re-
gion occurred in the past 15 years, and the current study aims
to provide an updated overview of the genetic epidemiology
of these disorders in the region.

Historical preview

Kurds constitute the fourth largest ethnic and linguistic group
in the Middle East after Arabs, Turks, and Persians. Most
Kurds inhabit a loosely defined region called Kurdistan ex-
tending over contiguous parts of Iraq, Iran, Turkey, and Syria.
In Iraq, the Kurds constitute the bulk of the population in its
Northern and Northeastern regions, contrary to other parts of
the country where Arabs predominate. The origin of Kurds
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has long been a subject for speculation. It is believed, by some
historians and based on cultural and linguistic evidence, that
Kurds are most likely an Indo-European ethnic group, which
had immigrated from the East and settled in the region more
than 2500 years ago (Arshi and Zabihi 1990). Furthermore,
once they settled in this region, Kurds did not live in isolation,
but should have interacted throughout their history with other
populations including Persians, Assyrians, Greeks, Romans,
Arabs, and Turks (Izady 1992). These interactions may have
contributed to variable degrees to the genetic makeup of
present-day Kurds.

Methods

A comprehensive literature review was performed through
PubMed, and WHO Index Medicus for Eas te rn
Mediterranean Region databases, as well as Google Scholar.
The keywords used were Iraq, Kurds, Kurdistan, combined
with thalassemia, sickle cell, hemoglobinopathy, hemoglobin-
opathies, premarital screening, and preventive program.

Prevalence of hemoglobinopathies in Iraqi
Kurds

The Iraqi Kurdistan region is currently served mainly by three
provincial thalassemia centers, one in each of its three main
provinces, namely, Duhok (north), Erbil (center), and
Sulaimani (east) (Fig. 1), with a total number of registered
symptomatic hemoglobinopathy patients in excess of 3200,
which constitutes around one-fourth of the registered patients
in the country (Kadhim et al. 2017). Prevalence rates of β-
thalassemia minor observed as deduced from premarital
screening programs in the three main cities in the region range
from 3.7 to 6.9%, with the higher figure coming from Erbil
province at the center of the region, while the least comes from
Duhok at its North (Table 1) (Al-Allawi and Al-Dousky 2010;
Al-Allawi et al. 2013b; Jalal et al. 2008; Polus 2017). These
rates are generally comparable with reports from other parts of
the country, where rates of 4.4% and 4.6% have been reported
from Baghdad (the country’s capital and at its center) and
Basrah (at the country’s extreme South), respectively
(Hassan et al. 2003; Yahya et al. 1996). The prevalence of
β-thalassemia trait in neighboring countries is more or less
comparable with the Iraqi figures including 2.0–3.0% in
Lebanon (Charafeddine et al. 2008), 3.0–3.5% in Jordan
(Bashir et al. 1991; Bashir et al. 1992), 2.6–3.7% in Turkey
(Yıldız et al. 2005), 5.0% in Syria (Galanello et al. 2003), and
5.0–10.0% in Iran (Karimi and Rasekhi 2002). The relatively
high frequency of β-thalassemia in Eastern Mediterranean
countries is expected since these countries all lie along the
Malaria belt, and individuals heterozygous to β-thalassemia

have a selective advantage against malaria(De Sanctis et al.
2017; Durand and Coetzer 2008). It is important to note here
that malaria had been highly endemic and for centuries in
Northern Iraq, including the Kurdistan region, up to the
1960s (Abul-Hab 1969; Niazi 1968).

The estimated frequency ofα-thalassemia among premarital
screened individuals varied in different provinces of the region,
with reported rates of 0.032–1.22% (Al-Allawi et al. 2013b;
Polus 2017). The rate from the country’s capital Baghdad was
reported as 1.0% (Yahya et al. 1996). Rates of α-thalassemia
trait vary in neighboring Arab countries between < 1 and 5%
(Hamamy and Al-Allawi 2013). While frequencies of 3.6–
6.3%were reported by Turkish newborn alpha thalassemia mo-
lecular screening studies (Canatan et al. 2002; Fei et al. 1989)
and 10.1% in Iranian newborns, though the prevalence varies in
different parts of Iran (Valaei et al. 2018).

Delta-beta thalassemia was only sporadically reported in
premarital screened individuals, constituting 0.1–0.14% of
an aggregate of 2654 individuals studied in Duhok and
Sulaimani provinces (Al-Allawi and Al-Dousky 2010; Al-
Allawi et al. 2013b; Jalal et al. 2008).

The frequencies of sickle cell trait are quite low in eastern
and central provinces of the region (Sulaimani and Erbil) at
0.06–0.07%, but it is seen in polymorphic frequency in its
Northern province (Duhok), where it reaches 1.2% of those
attending the premarital centers for screening (Al-Allawi and
Al-Dousky 2010; Al-Allawi et al. 2013b; Polus 2017).
Interestingly, the only other part of Iraq with high frequencies
of the sickle cell gene is Basrah at the extreme South at 6.5%
(Hassan et al. 2003). The East Anatolia region of Turkey
bordering the Duhok province shows comparable frequencies
of sickle cell gene (1.7%) (Tadmouri et al. 1998), while and
similar to Sulaimani province, sickle cell gene is quite sporad-
ic at 0.025% in Western Iran bordering the latter Iraqi prov-
ince (Rahimi et al. 2019).

Other structural hemoglobinopathies were only reported
sporadically including Hb C (0.06%), D Punjab (0.04%), Hb
Lepore (0.01%), Hb G (< 0.001%), and Hb J (< 0.001%) (Al-
Allawi et al. 2013b). Furthermore, few alpha structural vari-
ants including Hb Kurdistan and Hb Q have been encountered
occasionally (unpublished observations).

Molecular basis of β-thalassemia
among Kurds

A total of 27 differentβ-thalassemia mutations were identified
among 1039 thalassemia chromosomes characterized up to
date. The most common seven mutations, constituting nearly
82% of all characterized mutations, were IVS-II-1 (G>A),
IVS-I-6 (T>C), IVS-I-I (G>A), codon 8 (−AA), codon 8/9
(+G), IVS-I-110 (G>A), and codon 5 (−CT). Other less fre-
quent mutations include codon 39 (C>T), codon 44 (−C),
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IVS-I-5 (G>C), codon 82/83(−G), and IVS-I-128 (T>G).
Table 2 lists the frequencies and origins of these 12 mutations
among the characterized alleles. It also shows that the bulk of
the mutations was Mediterranean, with some Turkish,
Kurdish, Saudi Arabian, Azerbaijani, and Asian Indian ori-
gins. A further 15 mutations were reported infrequently or spo-
radically (< 1.0%) that include codon 36/37 (−T), IVS-I-130
(G>C), IVS-II-745 (C>G), IVS-II-850 (G>T), codon 22 (−7
bp), codon 30 (G>C), codon 15 (G>A), codon 127
(CAG>CGG), − 101 (C>T), − 87 (C>G), − 30 (T>A), − 28
(A>C), poly-A (AATAAA>AATAAG), 5′ UTR + 22 (G>A),
and CAP + 1(A>C) (Al-Allawi et al. 2010a, 2014, 2006; Amin
et al. 2020; Jalal et al. 2010; Shamoon et al. 2015). The spec-
trum of mutations noted among Kurds is quite consistent with

their history and interactions with surrounding Mediterranean
populations, while the presence of Asian Indian mutations
could be attributed to the region being along the ancient silk
road route, which connected China and Europe through the
Indian subcontinent and the Middle East.

When we evaluated the distribution of the mutations in the
subcategories of thalassemia major (TM) and intermedia (TI),
several notable differences were observed (Table 3), though in
both subcategories, IVS-II-1 was the most frequent. It is worth
noting that the mildβ+ IVS-I-6 was significantly more frequent
in TI (P< 0.001), while themore severe β0 alleles, namely: IVS-
I-1, codon 39, codon 8/9, codon 44, codon 5, were all signifi-
cantly more frequent in TM. Studies on TI among Iraqi Kurds
also documented that besides milder β-thalassemia alleles,

Fig. 1 A map of Iraq and its
surrounding countries, with the
three provinces of Iraqi Kurdistan
shaded, showing the most
frequent β-thalassemia mutations
in each region

Table 1 Premarital screening studies on hemoglobinopathies in three Iraqi Kurdish provinces

Author (year) Province No. of individuals
?screened

β-thal carriers (%) α-thal carriers (%) δβ-thal carriers (%) Sickle cell carriers (%)

Al-Allawi and Al-Dousky
(2010)

Duhok 1182 3.7 NR 0.1 1.2

Al-Allawi et al. ( 2013b ) Sulaimani 108264 3.98 1.22 0.11 0.07

Polus (2017) Erbil 12448 6.9 0.032 NR 0.064

NR not reported
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XmnI polymorphism (rs7482144) contributed significantly to
the less severe phenotype in patients with severe β-
thalassemia alleles, while coinheritance of alpha thalassemia
did not (Al-Allawi et al. 2014; Shamoon et al. 2015).

Looking at the spectrum of mutations within each of the
three provinces of Iraqi Kurdistan, notable differences were
noted as shown in Table 4, though all three shared the fact that
IVS-II-1 was the most prevalent mutation. The latter mutation
is the most frequent in neighboring Iran, including the regions
bordering Iraq, and it has been suggested that this
Mediterranean mutation may have originated in this country
since its prevalence is highest in Central Iran and it decreases
as we move west into Iraq and Turkey (Najmabadi et al.
2001). Among the notable differences in the distribution of
β-thalassemia mutations in the three provinces of the region
are those related to codon 44, which is the second in frequency
in Duhok, while it was only sporadic in the other two

provinces. Furthermore, the frequency of the latter mutation
is higher than that reported in any other populationworldwide,
except among Kurdish Jews who have immigrated out of this
same area in the mid-twentieth century (Rund et al. 1991).
This supports the notion that it may have originated in the
above-mentioned province rather recently, i.e., after the
Kurds have migrated and settled there nearly 2500 years ago
(Al-Allawi et al. 2010a, 2006; Jalal et al. 2010; Rund et al.
1991). The other important observation was that IVS-I-110,
which was infrequently encountered in Erbil and Duhok, is
the second in frequency in Sulaimani. The latter mutation is a
Mediterranean mutation and is the most frequent mutation in
central Iraq as well as neighboring Middle Eastern countries.
Furthermore, IVS-I-110 is among the common mutations in
the mainly Kurdish populated Iranian provinces of
Azerbaijan, Kermanshah, and Kurdistan bordering the
Sulaimani province (Al-Allawi et al. 2013a; Haghi et al.

Table 3 A comparison between
the frequencies of various β-
thalassemia mutations in thalas-
semia major and Intermedia

Mutation Thalassemia major (n 244) Thalassemia intermedia (n 571) P value

IVS-II-1 (G>A) 73 (29.9) 217 (38.0) 0.027

IVS-I-1 (G>A) 45 (18.4) 25 (4.4) < 0.001

Codon 8 (−AA) 23 (9.4) 35 (6.1) 0.081

Codon 39 (C>T) 23 (9.4) 7 (1.2) < 0.001

Codons 8/9 (+G) 23 (9.4) 19 (3.3) < 0.001

Codon 44 (−C) 21 (8.6) 4 (0.7) < 0.001

Codon 5 (−CT) 16 (6.6) 13 (2.3) 0.002

IVS-I-5 (G>C) 6 (2.4) 2 (0.3) 0.203

IVS-I-6 (T>C) 6 (2.4) 162 (28.4) < 0.001

IVS-I-110 (G>A) 3 (1.2) 22 (3.9) 0.083

IVS-I-128 (T>G) - 20 (3.5) -

Codon 82/83 (−G) - 11( 1.9) -

− 101 (C>T) - 6 (1.0) -

Others 15 (6.1) 37 (6.5) -

Table 2 The frequencies of the
12 most frequent β-thalassemia
mutations among 1039 character-
ized chromosomes among Kurds

Mutation Origin Number of alleles (%) (total 1039)

IVS-II-1 (G>A) Eastern Mediterranean 340 (32.7)

IVS-I-6 (T>C) Mediterranean 182 (17.5)

IVS-I-1 (G>A) Mediterranean 84 (8.1)

Codon 8 (−AA) Turkish 80 (7.7)

Codons 8/9 (+G) Asian Indian 65 (6.3)

IVS-I-110 (G>A) Mediterranean 51 (4.9)

Codon 5 (−CT) Mediterranean 49 (4.7)

Codon 39 (C>T) Western Mediterranean 41 (3.9)

Codon 44 (−C) Kurdish 40 (3.8)

IVS-I-5 (G>C) Asian Indian 25 (2.4)

IVS-I-128 (T>G) Saudi Arabian 20 (1.9)

Codon 82/83 (−G) Azerbaijani 14 (1.3)
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2009; Hamamy and Al-Allawi 2013; Hosseinpour Feizi et al.
2008; Jalal et al. 2010; Mehrabi et al. 2013). Another notable
example of regional variation is relevant to codon 8, which
shows its highest frequencies in Sulaimani at the East, and
decreases in frequency to the West and North of the region.
Codon 8 (−AA), labeled a Turkish/Mediterranean mutation,
has its highest frequency worldwide in the country of
Azerbaijan, where it constitutes nearly one-third of β-
thalassemia alleles (Aliyeva et al. 2020). It is also a common
mutation in Iranian Azerbaijan province bordering the
Sulaimani province on the East (Hosseinpour Feizi et al.
2008), and it may have been spread by gene flow from the
latter Iranian region.

Notable differences have also been documented between
the spectrum of β-thalassemia mutations among Iraqi Kurds
and the Iraqi Arabs (Fig. 1). A study from Iraq’s capital
Baghdad, at the country’s center, and where Arabs constitute
the vast majority, revealed that IVS-I-110 constituted nearly a
third of the alleles, while IVS-II-1 came second, followed by
IVS-I-5, IVS-I-1, and codon 8/9 (Al-Allawi et al. 2013a).
Likewise, a study from Nineveh province at Iraq’s
Northwest bordering the Kurdistan region of Iraq, and where
Arabs also constitute the majority, revealed that IVS-I-110
constituted around a third of the mutations, followed by
IVS-I-6, IVS-I-5, codon 44, and codon 39, while IVS-II-1
constituted a mere 6.4 % of the characterized mutations
(Eissa et al. 2015).

Several studies reported on the spectrum of β-thalassemia
mutations in the Kurdish populations of the neighboring coun-
tries. Haghi et al. reported a more or less comparable spectrum
among Iranian Kurds with that reported among Iraqi Kurds,
with IVS-II-1, codon 8/9, IVS-I-1, codon 5, codon 8, and IVS-
I-110 being the most frequent. Likewise, Rahimi and co-
workers reported that IVS-II-1 mutation was the most

frequent, followed by codon 8/9, IVS-I-110, and codon 36/
37 (-T) in the Western Iranian Kurdish population (Haghi
et al. 2009; Rahimi et al. 2010) (Fig. 1). Studies from the
Diyarbakir region of Southeastern Turkey, an areawell known
for its ethnic Kurd majority, revealed a rather different muta-
tion distribution than that seen among Iraqi Kurds, with
IVSI.110 being the most frequent, followed by IVS-I-6, codon
8, and IVS-II-1 (Ince et al. 2003). Similarly, Tadmouri et al.
showed that IVS-1-110, IVS-I-6, codon 8, − 30 (T>A), and
IVS-I-1 were the most frequent in East Southern region of
Turkey bordering Kurdistan region of Iraq (Tadmouri et al.
1998). On the other hand, Murad et al. (2018) documented
that codon 39, followed by IVS-I-5, IVS-I-110, IVS-1-1, and
IVS-II-1, were the most frequent mutations in Northeastern
Syria bordering Iraq, where there is a Kurdish ethnic presence,
which is again quite different from that detailed above among
Iraqi Kurds. However, unlike studies from Iraq and Iran, none
of the studies from Turkey or Syria focused on the ethnic
origin of the studied populations. Studies from the Arabian
Peninsula, on the other hand, revealed that while IVS-II-I is
the most frequent mutation in Kuwait and second in frequency
in Eastern Saudi Arabia, other common mutations including
codon 39 and IVS-I-5 are much more frequently encountered
in these Arab Peninsular countries than they are among Kurds
(Adekile et al. 1994; Al-Sultan et al. 2011).

Molecular basis of Alpha thalassemia
among Iraqi Kurds

Molecular characterization of 262 chromosomes for α-
thalassemia in 219 Iraqi Kurds with unexplained hypochromia
and/or microcytosis revealed 10 different mutations (Al-

Table 4 The variation in the
frequencies of various β-
thalassemia mutations in the three
main provinces of Kurdistan
region

Mutation Relative frequency (%)

Duhok Erbil Sulaimani

IVS-II-1 (G>A) 18.3 28.4 25.2

IVS-I-6 (T>C) 8.7 3.4 4.1

IVS-I-1 (G>A) 8.7 23.0 4.1

Codon 8 (−AA) 2.9 12.8 15.4

Codons 8/9 (+G) 7.7 10.1 12.2

IVS-I-110 (G>A) 1.9 2.0 19.5

Codon 5 (−CT) 10.6 5.4 7.3

Codon 39 (C>T) 8.7 4.7 1.6

Codon 44 (−C) 12.5 1.3 1.6

IVS-I-5 (G>C) 6.7 0.7 8.1

Reference Al-Allawi et al. (2006) Al-Allawi et al. (2010a) Jalal et al. (2010)

No. of alleles 104 148 123
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Allawi et al. 2009, 2013c; Shamoon 2020). The most fre-
quently encountered were −α3.7 (rightwards deletion), –MED

(Mediterranean double deletion), α
−5ntα (α1 IVS-I 5 nucleo-

tide deletion), αPoly A1α (polyadenylation signal (Poly A1)
mutation [AATAAA>AATAAG]), and α1 codon 59 (Hb
Adana) seen in 62.6%, 16.4%, 9.2%, 4.2%, and 2.7%, respec-
tively (Table 5). These 10 mutations were arranged in 15
different genotypes (Table 6). The most common α-
thalassemia allele identified in each of the three provinces is
the rightward deletion (−α3.7), which is consistent with reports
from Turkey, Iran, as well as several other Eastern
Mediterranean countries (Guvenc et al. 2010; Hadavi et al.
2007; Hellani et al. 2009; Qaddoumi et al. 2008). A notable
difference in the distribution of mutations between Erbil and
the other two provinces is that the α−5ntα was second in fre-
quency following −α3.7 mutation, surpassing the –MED double
deletion in relative frequency. The α−5ntα, which involves 5
nucleotide deletion in IVS-1 of α1 gene, was first reported
from Italy, is also a frequent mutation in Western Iran, and
several Middle Eastern and Mediterranean countries (Baysal
et al. 1995; Dehbozorgian et al. 2015; Hadavi et al. 2007;
Jassim et al. 2001; Kanavakis et al. 2000). The (–MED) is the
second most frequent mutation in Duhok and Sulaimani, but
not in Erbil; this mutation is a frequent mutation in Southern
Turkey, one study from Western Iran, and Mediterranean
countries like Cyprus and Greece (Baysal et al. 1995;
Guvenc et al. 2010; Hadavi et al. 2007; Kanavakis et al.
2000). The polyadenylation signal (poly A1) mutation was
first reported from Saudi Arabia, and hence Saudi PolyA1
mutation (Higgs et al. 1983), and it was reported in high fre-
quencies in Saudi Arabia, UAE, Bahrain, and Jordan, but was
sporadic or infrequent in Iran and Turkey (Baysal 2011;
Guvenc et al. 2010; Hadavi et al. 2007; Hellani et al. 2009;
Jassim et al. 2001; Qaddoumi et al. 2008). In the latter two
countries, it is the Turkish polyadenylation signal mutation

(poly A2) [AATAAA>AATGAA] that is the more frequent
poly-A mutation encountered (Bozdogan et al. 2015; Guvenc
et al. 2010; Hadavi et al. 2007). In their recent study on Kurds
of Western Iran, Alibakhshi and coworkers further affirmed
the latter observation regarding PolyA2 mutation distribution
and found it second in frequency after −α3.7, followed by
−α4.2 (leftward) deletion and codon 59 (or Hb Adana)
(G>A) (ααcodon 59) (Alibakhshi et al. 2020). The latter study
noted that unlike the Kurds of Iraq, the –MED double deletion
was not as frequent, which would require further scrutiny. Hb
Adana is an unstable hemoglobin variant due to a mutation in
the α1 gene, first described in Turkey (Cürük et al. 1993), and

Table 5 The distribution of
various α-thalassemia alleles,
overall and in the three provinces
of Iraqi Kurdistan among 219 in-
dividuals with unexplained
hypochromia and microcytosis

Mutation Number of alleles (%)

Duhok Sulaimani Erbil Cumulative no.

−α3.7 36 (67.9) 62 (59.6) 66 (62.9) 164 (62.6)

--MED 12 (22.6) 24 (23.1) 7 (6.7) 43 (16.4)

αPoly A1α 1(1.9) 4 (3.8) 6 (5.7) 11(4.2)

−α4.2 2 (3.8) 2 (1.9) 2 (1.9) 6 (2.3)

ααAdana 1 (1.9) 3 (2.9) 3 (2.9) 7 (2.7)

−(α)20.5 - 3 (2.9) - 3 (1.1)

α−5ntα - 3(2.9) 21(20) 24 (9.2)

αCSα - 2 (1.9) - 2 (0.8)

αPolyA2α - 1 (1.0) - 1 (0.4)

ααEvanson 1(1.9) - - 1(0.4)

Total no. of alleles characterized 53 104 105 262

Table 6 The relative frequency of characterized α thalassemia
genotypes among 219 individuals with otherwise unexplained
hypochromia and/or microcytosis

Genotype Sulaimani Erbil Duhok Total (%)

−α3.7/αα 33 39 26 98 (44.7)

--MED/αα 24 7 12 43 (19.6)

−α3.7/−α3.7 14 9 5 28 (12.8)

αPoly A1α/αα 4 6 1 11 (5.0)

α−5ntα/αα 1 9 - 10 (4.6)

α−5ntα/−α3.7 - 6 - 6 (2.7)

−α4.2/αα 1 2 2 5 (2.3)

ααAdana/αα 3 - 1 4 (1.8)

α−5ntα/α−5ntα 1 3 - 4 (1.8)

−(α)20.5/αα 3 - - 3 (1.4)

ααAdana/−α3.7 - 3 - 3 (1.4)

−α3.7/−α4.2 1 - - 1 (0.46)

αCSα/ αCSα 1 - - 1 (0.46)

αPolyA2α/αα 1 - - 1 (0.46)

ααEvanson/αα - - 1 1 (0.46)

Total no. 87 84 48 219
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had been encountered in studies from Western Iran and
Southern Turkey (Alibakhshi et al. 2020; Guvenc et al.
2010; Hadavi et al. 2007).

The clinically significant phenotype of alpha thalassemia,
namely, Hb H disease, is uncommon in the Iraqi Kurds in
general, the first study published reported on 11 Hb H disease
cases which were all characterized with −α3.7/–MED genotype
(Al-Allawi et al. 2009). Another recent study reported on an
additional 44 cases (Shamoon et al. 2020), and if the molecu-
lar results from these 55 cases are pooled together, the most
frequent genotype would be −α3.7/–MED documented in
67.3%, followed by αPolyA1α/αPolyA1α, and −α4.2/–MED in
10.9% and 5.4%, respectively. These observations are more
or less consistent with reports from Turkey and Iran where
−α3.7/–MED is the most frequent genotype associated with
Hb H disease (Cürük 2007; Paridar et al. 2019), but are strik-
ingly different from reports from Saudi Arabia and other
Peninsular Arab countries where the main genotype associat-
ed with Hb H is αPolyA1α/αPolyA1α (Adekile et al. 1994; Al-
Awamy 2000; Al-Riyami et al. 2020; AlMoamen et al. 2018).

Hemoglobin Bart’s hydrops fetalis, the most severe pheno-
type of alpha thalassemia, which is due to homozygosity to a
double alpha gene deletion, is quite rare among Iraqi Kurds
and it was reported on only one occasion and molecularly
characterized as a (–MED/–MED) defect (Al-Allawi et al.
2010b).

Molecular and clinical aspects of sickle cell
disease among Iraqi Kurds

Of the three main Kurdish provinces, sickle cell gene is only
present in polymorphic frequencies in the Northern Duhok
province; thus, it is expected that the majority of registered
sickle cell disease (SCD) cases (87%) reside in the latter prov-
ince, while they are sporadic/infrequent in the two other prov-
inces of the region. Furthermore, it is quite intriguing to note
that in the whole country of Iraq, SCD cases cluster in two
localities at the opposite ends of the country, one in the Kurds
at the extreme Northern province of Duhok, the other among
the Arabs at the extreme Southern Basrah province. However,
looking at the β-globin haplotypes associated with the sickle
cell gene in these two clusters reveals two different origins.
Among Kurds, it is the Benin haplotype that predominates (~
70%), while the Arab Indian haplotype constitutes a mere
12.5% (Al-Allawi et al. 2012). The Benin haplotype is also
the most frequently encountered haplotype in neighboring
Turkey (Aluoch et al. 1986), and the predominantly Kurdish
population of Southeastern Turkey shares the same dialect as
the population of Duhok, which is different from the dialect of
other parts of Iraqi Kurdistan (Izady 1992), and it is plausible
that the sickle mutation has been introduced to Duhok region
through their interactions with their Turkish counterparts, and

thereafter, its frequency was amplified through selective ad-
vantage offered by malaria, which was endemic until the mid
of the twentieth century (Abul-Hab 1969; Aidoo et al. 2002;
Niazi 1968). This is in contrast to the sickle cell gene that is
seen among Arabs in Southern Iraq Basrah province, where
the Arab Indian haplotype predominates at ~ 55%, while the
Benin haplotype is seen in 19.4% (Yaseen et al. 2020). The
Arab population of Basrah has close links and interactions
throughout their history with the population of the Eastern
Arabian Peninsula, where the Arab-Indian haplotype is the
predominant haplotype associated with the sickle cell gene
(Adekile 2001; Al-Ali et al. 2020).

A study on 103 unrelated Kurdish patients with sickle cell
disease revealed that the most common genotype encountered
was sickle cell anemia (HbSS) in 68%, while sickle/β0 thal-
assemia and sickle/β+ thalassemia were encountered in anoth-
er 24.2% and 7.8%, respectively. The β mutations encoun-
tered were consistent to some extent with their frequencies in
the population, with IVS-II-1 being the most frequent, follow-
ed by IVS-I-110, codon 8, codon 44, codon 22, IVS-I-1, co-
don 30, and IVS-I-6. It was also noted that in those homozy-
gous for sickle cell genes, 10% had concomitant alpha thalas-
semia. Only one mutation was identified in these patients,
which is nothing else than the most common of alpha muta-
tions among the Kurds, the rightward single-gene deletion
(−α3.7) (Al-Allawi et al. 2012).

The phenotypic heterogeneity of SCD has been well doc-
umented inmany populations and it is attributed to a variety of
genetic and non-genetic factors (Kutlar 2007). One of the
major modifiers of disease severity in SCD is hemoglobin F;
the latter is modulated mainly by three major quantitative trait
loci (QTL) on chromosomes 11, 2, and 6 (Thein et al. 2009).
A recent study enrolled 128 Kurdish SCD patients to address
the role of these QTLs in the phenotypic variability of this
disorder (Al-Allawi et al. 2019). The study documented that
HBG2 rs7482144, BCL11A rs1427407, and HMIP
rs9399137 contributed significant 18.1%, 14.3%, and 8.8%
to HbF variability in Kurdish Iraqi SCD. Furthermore, the
cumulative numbers of minor alleles of these polymorphisms
were positively linked to hemoglobin concentration but neg-
atively so to LDH, reticulocyte counts, leukocyte counts,
transfusion, and pain frequencies. The study concluded that
the cumulative number of minor alleles at the three aforemen-
tioned polymorphisms may serve as a better predictor of phe-
notypic variability of SCD, than each one on its own (Al-
Allawi et al. 2019).

The prevention program

In addition to the high prevalence of hemoglobinopathies
among Iraqi Kurds, the latter also show a high rate of consan-
guineous marriage ranging between 24.3 and 27% (Al-Allawi
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and Al-Dousky 2010; Jalal et al. 2008), which is consistent
with its overall rate in Iraq of 30% (Hamamy and Alwan
1994). Thus, it would be expected that the frequency of ho-
mozygous births for these autosomal recessive disorders to
increase (Galanello et al. 2003). Accordingly, the need to in-
stitute a preventive program for these hemoglobin disorders
became a necessity rather than an option (Al-Allawi 2008).
Following a series of pilot studies performed in various prov-
inces of the region (Al-Allawi and Al-Dousky 2010; Al-
Allawi et al. 2006; Jalal et al. 2008), such a program was
initiated and supported by the local government which made
premarital screening for hemoglobin disorders mandatory
throughout the Kurdistan autonomous region in 2008. The
program was inspired and based upon the successful model
employed by Cyprus (Angastiniotis et al. 1986) and is briefly
based onmandatory premarital screening to identify hemoglo-
binopathy carriers and couples at risk, followed by genetic
counseling to the latter couples. Thereafter, prenatal diagnosis
by chorionic villus sampling was offered to those who wished
to pursue their marriage plans, with the prospect of the termi-
nation of affected fetuses before 16-week gestation (Al-Allawi
et al. 2015; Al-Allawi et al. 2013b; Angastiniotis et al. 1986).

In its first 5 years, a total of 105,409 couples (210,818
individuals) were screened in two provincial centers, namely
Sulaimani and Duhok. A total of 353 (3.3/1000) were identi-
fied as couples at risk (both partners were carriers of a hemo-
globinopathy), of whom 86.4% were available for extended
follow-up. Among the latter couples, 93.1% proceeded with
their marriage with a total of 335 registered pregnancies,
Prenatal diagnosis (PND) was sought in 117. Affected fetuses
were identified in 16.2% by chorionic villus sampling, of
whom 94.7% sought to terminate the pregnancy (Al-Allawi
et al. 2013b, 2015).

The main reason for not seeking PND was the cost
(61.2%), and this was quite evident from different rates of
uptake of PND in Duhok and Sulaimani. In the latter where
PNDwas financially supported fully by the local government,
the rate of uptake of PND was 76%, compared with 15% in
Duhok where it was not (Al-Allawi et al. 2013b, 2015). The
limiting effect of cost on the uptake of PND has also been
reported from other Middle Eastern countries like Turkey
and Lebanon (Tosun et al. 2006; Zahed and Bou-Dames
1997). Another reason for not seeking PNDwas the traditional
cultural belief in fate (23.9%), the latter is not unique to Iraqi
Kurds but is a common cultural attitude in other Middle
Eastern countries (Alswaidi and O’Brien 2009). A further,
but rather a minor reason for opting out of PND, was religious
beliefs (7.5%), i.e., refraining from PND because the couple
considered abortion religiously unacceptable. Part of the suc-
cess of the program could be attributed to the fact that a good
number of local religious scholars supported the program and
the regional council of Islamic scholars issued a fatwa
allowing termination of gestations affected by severe diseases,

including thalassemia major (Al-Allawi et al. 2015).
Furthermore, it was found that 77.9% of newly registered
affected babies during the first 5 years of the preventive pro-
gram were to those who were married before its initiation (Al-
Allawi et al. 2015).

These reports revealed that most couples at risk chose to
proceed with their marriage despite counseling due to social
obligations and norms, and that in the presence of financial
support, the majority of at-risk couples would choose to resort
to PND. Moreover, it was demonstrated that almost all those
who got affected fetuses chose to terminate their pregnancies
in the first 16 weeks of gestation. The program managed to
reduce the affected birth rate among couples at risk by more
than one third over the 5 years (Al-Allawi et al. 2013b, 2015).
Based on the data in the first 5 years of the program, the need
to upgrade educational programs through various media out-
lets and schools to target the younger sector of the population
probably before marriage; provision of financial support for
local PND programs; and offering parallel antenatal screening
programs seem to be viable options to reduce affected birth
rates further.
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