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ABSTRACT
Background: Haemoglobinopathy is a large heterogeneous group of genetic abnormalities of haemoglobin.
It is one of the most common inherited diseases worldwide.
Aim of this study: This study aimed to find the frequency of different types of Haemoglobinopathies in
premarital couples in Nineveh province.
Subjects and Methods: In this cross-sectional study, the subjects were couples who go to the primary
health care centers in Nineveh governorate for routine premarital investigations and the data were collected
from the main premarital screening centers in Nineveh governorate.
Results: In this study, 1127 cases were included. 613 (54.4 %) were male, their ages range between (13-80
years), and 514 (45.6 %) were female, their ages range between (10-52 years). 47 cases were diagnosed as
βeta-thalassaemia carriers with an overall frequency of 4.2 %. Ten cases had haemoglobin S (HbS) by the
High Performance Liquid Chromatography (HPLC) (sickle cell trait in 9 cases and sickle β-thalassaemia in
only one case); the overall frequency of sickle cell carrier state is 0.89 %. Eight cases with an overall
frequency of 0.71 % were diagnosed as having other types of Haemoglobinopathies (haemoglobin D,
haemoglobin E, haemoglobin H). Eighty one cases were diagnosed as having iron deficiency with an overall
frequency of 7.2 %. By using the Hardy –Weinberg equation; we found the expected number of children born
with homozygous βeta-thalassaemia would be (0.3/1000 from those born) and homozygous sickle cell
disease would be (0.01/1000 from those born).
Conclusions: β-thalassaemia trait represented the most frequent Haemoglobinopathy in the region, Iron
deficiency was significantly higher in females than in males, HPLC is a good technique for routine use and
the expected number of children born with homozygous β-thalassaemia, sickle cell and others (HbD, HbE,
HbH) were (0.3/1000, 0.01/1000 and 0.0085/1000 from those born) respectively.
Keywords: Haemoglobinopathy , Nineveh , frequency .

تىاتز اعتالالت خضاب الدم في فحص ما قبل الزواج في محافظة
نينىي
* سيٌب الذاحن، ** هٌٔ ػبذ الباسظ كشوْلت، *بسوت ػذًاى يًْس
،  كليت الطب،  **فزع ػلن االهزاض، ٌْٓ دائزة صذت ًي، *هسخشفٔ ابي األثيز الخؼليوي
 الؼزاق،  الوْصل، جاهؼت الوْصل

الخالصة
 إًَ أدذ أکثز األهزاض. اػخالل الِيوْغلْبيي ُْ هجوْػت کبيزة غيز هخجاًست هي الخشُْاث الجيٌيت للِيوْغلْبيي:الخلفية
.الْراثيت شيْػًا فی جويغ أًذاء الؼالن
 حِذف ُذٍ الذراست إلٔ هؼزفت هذٓ اًخشار أًْاع هخخلفت هي اػخالالث الِيوْغلْبيي لذٓ األسّاج قبل:الهدف من هذه الدراسة
.ٌْٓالشّاج فی هذافظت ًي
 کاى الوفذْصْى أسّا ًجا يذُبْى إلٔ هزاکش الزػايت الصذيت األّليت فی،  فی ُذٍ الذراست الوقطؼيت:المىضىعات والطزق
 ّحن جوغ البياًاث هي هزاکش فذص ها قبل الشّاج الزئيسيت فی هذافظت، هذافظت ًيٌْٓ إلجزاء فذْصاث رّحيٌيت قبل الشّاج
.ًٌْٓي
Ann Coll Med Mosul December 2021 Vol. 43 No.2

157

Bassma Adnan Yonus

Frequency of Haemoglobinopathies in ..

425 ّ ، ) سٌت08-26(  حخزاّح أػوارُن بيي، ) هي الذکْر٪45.5( 326 . دالت2211  حن حضويي،  فی ُذٍ الذراست:النتائج
 دالت ػلٔ أًِا داهالث للبيخا ثالسيويا بوؼذل اًخشار51  حن حشخيص.) سٌت41-28(  ّحخزاّح أػوارُن بيي، ) هي اإلًاد٪54.3(
( سوتHPLC) ( بْاسطت الکزّهاحْجزافيا السائلت ػاليت األداءS (HbS)  ػشز داالث کاى بِا الِيوْغلْبيي.٪5.1 ٍإجوالی قذر
 الثالسيويا فی دالت ّادذة فقظ) ؛ هؼذل االًخشار اإلجوالی لذالت داهل الخاليا/  داالث ّالوزض الوٌجل9 الخليت الوٌجليت فی
 ػلٔ أًِا هصابت بأًْاع أخزٓ هي اػخالالث٪ 8.12  حن حشخيص ثواًی داالث هغ اًخشار إجوالی بٌسبت.٪8.09 ُْ الوٌجليت
 حن حشخيص إدذٓ ّثواًْى دالت ػلٔ أًِا هصابت بٌقصH).  الِيوْغلْبيي، E  الِيوْغلْبيي، D الِيوْغلْبيي (الِيوْغلْبيي
 باسخخذام هؼادلت ُاردی ّيٌبزؽ ؛ ّجذًا أى الؼذد الوخْقغ لألطفال الوْلْديي بالثالسيويت.٪ 1.1 ٍالذذيذ هغ اًخشار إجوالی قذر
 هي2888 / 8.82(  هي الوْلْديي) ّهزض الخاليا الوٌجليت هخواثلت اللْاقخ سيکْى2888 / 8.6( الوخواثلت اللْاقخ سيکْى
.)الوْلْديي
ً
 ّکاى ًقص الذذيذ أػلٔ بشکل هلذْظ،  صفت الثالسيويا بيخا حوثل اػخالل الِيوْغلْبيي األکثز اًخشارا فی الوٌطقت:االستنتاجات
 حقٌيت جيذة لالسخخذام الزّحيٌی ّالؼذد الوخْقغ لألطفال الوْلْديي بالثالسيويا بيخاHPLC  ّيؼخبز، فی اإلًاد هٌَ ػٌذ الذکْر
/ 8.8804 ّ 2888 / 8.82 ، 2888 / 8.6( کاًجHbH) ،HbE ، (HbD هخواثلت اللْاقخ ّالخاليا الوٌجليت ّ ّالبؼط اآلخز
. هي الوْاليذ) ػلٔ الخْالی2888
.  حْاحز، ٌْٓ ًي،  اػخالل الِيوْغلْبيي: الكلمات المفتاحية
INTRODUCTION

H

aemoglobinopathy is a large heterogeneous
group
of
genetic
abnormalities
of
haemoglobin. It is one of the most common
1
inherited diseases worldwide.
About 7% of the populations worldwide are
carriers for trait genes of haemoglobin disorders,
especially sickle cell disease and thalassaemia.
This is according to the World Health
2
Organization.
Approximately 300 000–400 000 infants are
identified every year to have Haemoglobinopathy,
3
as indicated by global evaluations. In the Arab
countries, inherited blood diseases, specifically
"thalassaemia and sickle cell disease" are very
frequent and the affected children in these
4
countries are in a big torture. The extent of the
problem can be attributed to two main points. The
consanguineous marriage and the preference of
having a large family size, so the number of
5
affected children could be increased.
“Haemoglobinopathy” is a broad term that
includes many abnormal genetic conditions of
haemoglobin. These consist of two main groups:
- "Thalassaemia syndromes"
- Abnormal structural haemoglobin variants.
Both are due to mutations and/or deletions in the
alpha (α) or Beta (β) globin genes. When gene
error affects haemoglobin (Hb) synthesis, it results
in thalassaemia with normal haemoglobin
structure, while abnormal haemoglobin variant
6,7
results from abnormal Hb structure.

AIMS OF THE STUDY
Are to detect the frequency of different types of
Haemoglobinopathies in premarital couples in
Nineveh province , to detect the frequency of
carriers of β-thalassaemia and sickle cell.
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MATERIALS AND METHODS
Subjects:
The couples who attend for routine premarital
investigations in the primary health care centers in
Nineveh province were enrolled in this cross
sectional study.
There are 4 primary health care centers covering
the governorate that offer premarital investigations,
two centers in Mosul city where the blood is taken
and the blood group, virology screen & automated
blood count were done, but the High Performance
Liquid Chromatography (HPLC) is performed in Ibn
Al-Atheer teaching hospital whereas in Talafar and
Al-Hamdania there is one center in each district
where all these tests with HPLC were done in the
same center.
1127 subjects were included. All of them were of
Iraqis' nationality.
This is a cross sectional study which was
conducted between the 15th of November 2019
and the 15th of May 2020.
In general, whole blood was taken from both
premarital couples to perform blood group,
automated Complete Blood Count (CBC) (using
Swelab / Coulter counter) and Hb variant analysis
by HPLC (using the variant П Beta Thalassaemia
Short Program from Bio-Rad laboratories-USA)
and also for virology to exclude contagious
diseases like hepatitis B, C, human immune
deficiency virus (HIV) & VDRL testing for syphilis.
However, in Talafar hospital and Al-Hamdania
primary health care center, the Hb variant analysis
was first performed only for the male and if there
was an abnormality detected in his analysis then
female would have Hb variant analysis too, this is
due to social issues.
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Serum ferritin was measured for cases with low
Mean Corpuscular Volume (MCV), Mean
Corpuscular Haemoglobin (MCH).
The interpretation was based on the percentages
of HbA2 and HbF in cases of suspected
thalassaemia traits, and on the presence of other
peaks and windows of variant haemoglobins and
their percentages, such as HbS, D and others.
β-thalassaemia trait was diagnosed when the
subject have (Hb A2 >3.5%).
Other Hb varriants were recognized by the HPLC
when other variant haemoglobins windows were
detected like Hb D, E and S & the frequency of
each Hb variant was measured.
When a subject had a low Hb, low MCV, low
MCH, borderline HbA2, measure serum ferritin to
detect any evidence of iron deficiency anaemia
which affect HbA2 level and reassess Hb variant
8-10
after iron therapy.
MCV and MCH were considered low when
MCV<76 fl and MCH <25 pg depending on the
reference normal range of the kit used by these
centers.
In some suspicious cases further tests were
performed like the capillary electrophoresis. After
that the affected couples were advised not to marry
and were informed about the risks and the
possibility
of
having
babies
with
Haemoglobinopathies.
The statistical analysis of the data was done by
using spss, and a p value of < 0.05 was
considered as significant.
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Of these 1127 subjects 47 cases were
diagnosed as β-thalassaemia carriers with an
overall frequency of 4.2 %. The frequency of βthalassaemia in Mosul city is 3.7 %, while in AlHamdania and Talafar are 9.8 % and 6.5 %
respectively. Ten cases had HbS by the HPLC
(sickle cell trait in 9 cases and sickle\βthalassaemia in only one case), the overall
frequency of sickle cell carrier state is 0.89 %.The
frequency varied between 0.8 % in Mosul and 2.2
in Talafar, while it is 0 % in Al-Hamdania.
Eight cases with an overall frequency of 0.71 %
were diagnosed as having other types of
Haemoglobinopathies (HbD, HbE, HbH). It is 0.8 %
in Mosul and 0 % in both Talafar and Al-Hamdania.
Eighty one cases were diagnosed as having iron
deficiency with an overall frequency of 7.2 %. The
iron deficiency frequency in Mosul is 7.8 %, while it
is 2.4 % in Al-Hamdania and 2.2 % in Talafar, as
shown in table 1 .
Table (1): The frequency & distribution
Haemoglobinopathies and iron deficiency
various regions of Nineveh province.

Ethical issues: the data in this study was attained
in de-identified design. Subjects' names were not
involved and the privacy of the participants were
protected. Moral consent requirements were
achieved by the study team.
Estimation of the expected numbers of births
with Haemoglobinopathies: We used the (HardyWeinberg equation which is used in recessively
inherited single gene disorders), and since in the
current study we determined the frequency of
Haemoglobinopathies in Nineveh, the expected
births with homozygous and double heterozygous
were calculated by using the mentioned equation.
The Hardy Weinberg equation is (p2+2pq+q2
11
=1).

RESULTS
In this cross sectional study, 1127 cases were
included who attended the four premarital primary
health care centers in Nineveh province. 613
(54.4 %) were male, their ages range between (1380 years), and 514 (45.6 %) were female, their
ages range between (10-52 years).
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DISCUSSION
Nineveh is the second largest Iraqi province
regarding population size which is approximately
three and half million. It lies at the northwest of
Iraq. It consists of diverse ethnic groups of
population that include Arabs mainly, Kurdish,
Turkmen and others. This diversity reflected by the
presence
of
different
types
of
Haemoglobinopathies. The premarital screening
program is a way to detect carriers of
Haemoglobinopathies and the couples at risk
(couples who are both carriers and at risk of having
diseased child if getting married), thus it is
considered an effective way to reduce the
frequency
of
Haemoglobinopathies
mainly
thalassaemia and SCD and decrease the burden
of their consequences on population and the
health care providers.
In this study, we depended on the premarital
screening program in the province to find the
frequency of different Haemoglobinopathies in the
region using the HPLC technique and some other
hematological and biochemical procedures. HPLC
is a very useful and powerful technique; it
quantifies HbA2, HbF and other Hb variants if
present, all at the same technique. It can detect
many Hb variants and β-thalassaemia trait;
therefore, it is optimal for routine use in premarital
screening program.
The frequency rate of β-thalassaemia trait in
Nineveh governorate is 4.2% and it is consistent
with the rates reported from other Iraqi's regions
such as from the Iraqi's capital "Baghdad" in
12
13
1996.
4.4%, Duhok governorate 4%. , from
14
Basra in South of Iraq 4.6%. , while in Erbil , a
province of Kurdistan /Iraq, the frequency of
15
β-thalassaemia trait (6.94%). The frequency of βthalassaemia trait in the neighboring countries is
variable. In Syria, carriers of β-thalassaemia trait
16
are about 5%. In Turkey, 4.3% as reported by the
National Haemoglobinopathy Council, the highest
frequency of β-thalassaemia trait (13.1%) was in
17
Antalya.
In Jordan (in Badia region) the
18
frequency is (3.04%). While in Iran (20.66%)
19
were carriers of β-thalassaemia. & in Saudi
20
Arabia (in Al-Hasa), 3.4 %.
The frequency of sickle cell trait in Nineveh
governorate is 0.89 %, in Iraq Sickle cell carrier
rates range from 0 to 16.0%, and they aggregate in
21,22
the south and the far north of Iraq.
In Basrah
14
the overall frequency rate for the HbS is of 6.5%.
15
In Erbil, Sickle cell trait (0.064%) . In Duhok a
study detected that the frequency of sickle cell trait
13
was 1.2%. Sickle cell disease is uncommon in
Syria, and less than 1% of the populations are
23
19
carriers. In Iran (0.58%) were sickle traits. ,
whereas in Saudi Arabia, the frequency of sickle
24
cell trait is (4.20%).
160

Frequency of Haemoglobinopathies in ..

In this study, it was found that the most common
Haemoglobinopathies after thalassaemia and SCD
are HbD then HbE and HbH. The frequency rate of
HbD (0.44 %), HbE (0.18 %) and HbH (0.089 %).
In Turkey the frequency rate of HbD was between
25
0.09% from a study in kocaeli. and 0.28% from a
26
study in Kahramanmaraş. While in a study from
Punjab, the frequency of HbD (1.09%) and HbE
27
heterozygous (0.54%). In Iran, the frequency of
19
HbD variant is (0.84%) and HbE trait is (0.13%).
The frequency of Hb D-Iran was 0.23%, while that
28
of Hb E was 1.56% in a study from India. In Erbil,
15
α-thalassaemia trait (0.032%). In Iran, (0.29%)
individuals with alpha thalassaemia variants (Hb-H
19
disease/alpha trait). Since this study depends on
the premarital screening program in the region
using HPLC for diagnosis of Haemoglobinopathies
and since α-thalassaemia diagnosis is only by
genetic study. Therefore, α-thalassaemia is not
included in our study except for HbH disease
where it could be diagnosed by HPLC.
HbD and HbE are clinically not that significant
especially in heterozygous state, but it is important
to detect them as a clinically significant condition
may result if these are combined with βthalassaemia trait.
Regarding the iron deficiency it was mentioned
by (WHO) that the main cause of anaemia
29
worldwide is iron deficiency. , especially in the
30
developing countries. , and it is the most public
31
and wide-ranging nutritional disorder globally. In
the developing countries, the high frequency of
iron deficiency anaemia is caused by the
ignorance for the diet quality due to the low
socioeconomic status and nutritional factors like
32,33
low iron containing diets.
The overall frequency of iron deficiency in this
studied group is 7.2% which was due to iron
deficiency anaemia in the majority, but also a
significant proportion was in iron deficiency state.
Iron deficiency was mainly in females (72 females
and only 9 males). The frequency of iron deficiency
in a study from Duhok was 5.6%, and was also
13
mainly in females. From a study in Ramadi,
frequency of iron deficiency anaemia (20.35%) and
34
was also higher in females than in males.
Depending on a study that took place in Turkey,
the frequency of iron deficiency was 15.6% and of
35
iron deficiency anaemia was 10.3%.
In
36
Tabuk/Saudi Arabia the frequency was 12.5%. ,
37
while in a study in Saudi Arabia was 35.3%. In
Jordan, frequency rate of iron deficiency in females
38
was (28.7%) and (11.1%) in males.
The
frequency rate of iron deficiency from a study in
39
Kermanshah/Iran was 23.7%.
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It was observed that the frequency of iron
deficiency anaemia was also higher in females
than in males that is consistent with our study in
40-44,31,33,38
the following studies.
This may be
attributed mainly to the periodic blood loss in
45
females during menstruation. and thus nutritional
requirement is more for females in order to
46-48
compensate the menstrual blood loss.
Distribution
of
Haemoglobinopathies
in
Nineveh Province:
In this study the cases were in the majority taken
from the premarital screening center in Mosul city,
and fewer cases were taken from premarital
screening centers in Al-Hamdania and in Talafar
districts. This is because Mosul is the largest
region in the province with the largest population
size and the drainage of cases is the largest as it
receives couples from all the surrounding villages
and towns except Al-Hamdania and Talafar as
these have their own centers.
Regarding β-thalassaemia trait it was found that
the highest frequency rate of (9.8%) was in AlHamdania then (6.5%) in Talafar, while the least
frequency rate of (3.7%) was in Mosul. This higher
rate in Al-Hamdania and then in Talafar could be
related to the diverse ethnicity between these
regions and also could be related to social issues
like consanguineous marriage which is with high
rate in these areas.
The highest frequency rate of sickle cell trait was
in Talafar (2.2%) and (0.8%) in Mosul, while it was
(0%) in Al-Hamdania. This may be also contributed
to the ethnicity and the consanguineous marriage.
Regarding the iron deficiency, the frequency rate
was highest in Mosul (7.8%). Whereas in AlHamdania and Talafar were (2.4%) and (2.2%)
respectively. This could be attributed to that the
majority of cases with iron deficiency were females
and as the screening program in Al-Hamdania and
Talafar include males and only few females. So,
the rate was apparently lower in these areas.
Estimation of Risk:
In this study, depending on the estimated
frequency rates of β-thalassaemia trait, sickle cell
trait and other Haemoglobinopathies and by using
the Hardy –Weinberg equation; the expected birth
rates
of
children
born
with
major
Haemoglobinopathy were as follow:
Homozygous β-thalassaemia would be (0.3/1000
from those born).
Sickle cell disease would be (0.01/1000 from those
born).
Homozygous for other Haemoglobinopathies
(HbH, HbE, HbD) would be (0.0085/1000 from
those born) while in a study from Basrah, the
Ann Coll Med Mosul December 2021 Vol. 43 No.2
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anticipated rates of birth of homozygotes ßthalassaemia
were
(0.52/1000)
and
of
14
homozygotes HbS (1.05/1000). ,and in Duhok the
anticipated rate of homozygotes ß-thalassaemia
13
was 0.697/1000.

CONCLUSIONS
1. There
are
different
types
of
Haemoglobinopathies in Nineveh province where
β-thalassaemia trait represented the most
frequent Haemoglobinopathy in the region
followed by sickle cell trait, HbD, HbE then HbH
disease.
2. Iron deficiency was also detected in this studied
group which was significantly higher in females
than in males.
3. HPLC is a good technique for routine use in
premarital screening program that can detect
most of the cases with Haemoglobinopathies
except for few cases that may need further
investigations.
4. The expected number of children born with
homozygous β-thalassaemia, sickle cell and
others (HbD, HbE, HbH) were (0.3/1000,
0.01/1000 and 0.0085/1000 from those born)
respectively.
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