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ABSTRACT 
Background: β-Thalassaemia syndromes are inherited group of abnormalities of hemoglobin synthesis. 
These abnormalities characterized by a defect in β-globin genes which may result either in the reduction or 
absence of one or more of the β-globin chains of hemoglobin. This genetic defect can be homozygous or 
heterozygous.  
Aim of this study: was to detect the hematological parameters of β-thalassaemia trait in premarital 
screening individuals in Nineveh province. 
Subjects and Methods: This is a cross sectional study that was performed in Nineveh province in three 
main centers for premarital screening program. In the period between the 15 November 2019 and the 15 
May 2020 a total of 1127 subjects who attend to these centers were screened for carrier conditions of β-
thalassemia.  Blood samples of the couples were obtained during attendance to the marriage office. 
Complete blood counts and hemoglobin variant analysis were performed with automated counter and high 
performance liquid chromatography technique. 
Results : Out of 1127, β-thalassaemia trait was diagnosed in 47 subjects, 31 were male (66 %) and 16 were 
female (34 %). The mean of their hemoglobins was 14.4 g/dl in males, and 12.5 g/dl in females. The mean of 
mean cell volume and mean cell hemoglobin were 68.3fl and 22.4pg respectively. The mean for HbA2 
concentration was 4.9 % and for HbF was 1.2%. 
Conclusion: β-thalassaemia trait is usually presented with low MCV and/or low MCH but the accurate and 
dependable technique in detecting carriers is the use of High Performance Liquid Chromatography (HPLC). 
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 نينوى محافظة في الزواج ماقبل فحص في ثلاسيميا البيتا لصفة الدم مؤشرات
 

 **مىى عبذ الباسط كشمولتالاستارة * ، بسمت عذوان يووس

، كليت الطب ، جامعت  علم الامشاض، كليت الطب ، **فشع علم الامشاض *طالب دساساث عليا ، فشع 

 ، الموصل ، العشاق الموصل

 الخلاصت
انثلاسًٛٛا ْٙ يجًٕعت ٔساثٛت يٍ حشْٕاث حخهٛك انًٕٓٛجهٕبٍٛ ، ٔحخًٛض ْزِ انخشْٕاث بخهم فٙ جُٛاث -يخلاصياث بٛخا الخلفيت:

غهٕبٍٛ يٍ انًٕٓٛجهٕبٍٛ. ًٚكٍ أٌ ٚكٌٕ ْزا -احذ أٔ أكثش يٍ سلاسم بٛخاغهٕبٍٛ ٔانخٙ لذ حؤد٘ إيا إنٗ حمهٛم أٔ عذو ٔجٕد ٔ-انبٛخا

 انخهم انجُٛٙ )يخًاثم انضٚجٕث( أٔ )يخغاٚش انضٚجٕث(.

 ْٕ ححذٚذ انًخغٛشاث انذيٕٚت نخاصٛت انثلاسًٛٛا بٛخا فٙ فحص الأفشاد لبم انضٔاج فٙ يحافظت َُٕٖٛ. :الهذف مه هزي الذساست

فشدا يًٍ حضشٔا إنٗ  5591، حى فحص يجًٕعّ  9191اب  51ٔ  9152حششٍٚ انثاَٙ  51فٙ انفخشة يا بٍٛ  :البحث طشيقت

يشاكض فحٕصاث يا لبم انضٔاج فٙ يحافظت َُٕٖٛ لإجشاء فحٕصاث سٔحُٛٛت بحثاً عٍ حالاث حايهٙ بٛخا ثلاسًٛٛا. حى انحصٕل 

ححهٛم يخغٛش انًٕٓٛجهٕبٍٛ باسخخذاو انعذاد اٜنٙ ٔحمُٛت كشٔياحٕجشافٛا عهٗ عُٛاث دو يٍ انضٔجٍٛ. حى إجشاء حعذاد انذو انكايم ٔ

 انسائم عانٛت الأداء.

٪(. كاٌ يخٕسط 13أَثٗ ) 56٪( ٔ 66ركش ) 15شًهج انحالاث انخٙ حى حشخٛصٓا عهٗ أَٓا صفت ثلاسًٛٛا بٛخا  الىتائج:

 (MCV) حجى انخهٛتجى / دٚسٛهخش عُذ الإَاد. كاٌ يخٕسط  59.1جى / دٚسٛهخش عُذ انزكٕس ، ٔ  53.3نذٚٓى  (Hb) انًٕٓٛجهٕبٍٛ

٪  ٔ HbA2    ْٕ382 حشكٛضبٛكٕغشاو ، ٔكاٌ يخٕسط  99.3ْٕ  (MCH) انًٕٓٛجهٕبٍٛ انخهٕ٘( فم ٔيخٕسط 6,81ْٕ )

 . ٪5.9كاٌ  HbF  يخٕسط حشكٛض
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يُخفض ٔنكٍ الأسهٕب انذلٛك ٔانًٕثٕق فٙ  MCH يُخفض ٔ / أٔ MCV عادةً يا حشحبط سًت ثلاسًٛٛا بٛخا يع الاستىتاج:

  (HPLC). انكشف عٍ انحايلاث ْٕ اسخخذاو انكشٔياحٕجشافٛا انسائهت عانٛت الأداء

 

8 يخٕسط (MCV) حجى انخهٛت حايهٙ بٛخا ثلاسًٛٛا8 حمُٛت كشٔياحٕجشافٛا انسائم عانٛت الأداء8 يخٕسط  الكلماث المفتاحيت:

 MCH).انًٕٓٛجهٕبٍٛ انخهٕ٘ )
 

 

INTRODUCTION 
-Thalassaemia syndromes are inherited group 
of abnormalities of hemoglobin synthesis 

which is autosomal recessive. These abnormalities 
characterized by a defect in β-globin genes which 
may result either in the reduction or absence   of 
one or more of the β-globin chains of hemoglobin. 
This genetic defect can be homozygous in which 
both genes are affected or heterozygous in which 
only one gene is affected. 

1,2
. The β_thalassaemia 

alleles may be classified functionally as β
0
 or β+ 

resulting in: β
0
_ thalassaemia phenotype in which 

there is a total absence of β-globin synthesis and 
the most severe form, and β+ thalassaemia in 
which there is some, decreased β globin formation. 
Mild β-thalassaemia, occasionally referred to as 
β++, there is production of a moderate amount of β 
globin, where as in the ‘silent’ β thalassaemia, 
there is minimal reduction in β chain formation, 
carriers have normal or minimally reduced red cell 
parameters and normal HbA2 levels. The main 
molecular defects in β- thalassaemia are point 
mutations result from single base substitutions, 
minor insertions or deletions of a few bases inside 
the gene.

3
. β-thalassaemia trait, usually show  mild 

or no anemia in their complete blood count (CBC) , 
and their mean cell volume (MCV) and mean cell 
hemoglobin (MCH) are frequently low, the red 
blood cell (RBC) count is usually high. Decreased 
synthesis of β-globin leads to an inability to 
produce normal amount of HbA (α2β2), this is 
compensated by increasing synthesis of other β-
like chains, like δ and γ, these increase the levels 
of the minor hemoglobins HbA2 (α2δ2) and HbF 
(α2γ2). This is routinely diagnosed by Hb 
electrophoresis or Hb HPLC: these will show 
elevation of HbA2 (i.e., > 3.5% of total hemoglobin) 
and usually HbF (i.e., >1%).

4
. The aim of this study 

was to detect the hematological parameters of β-
thalassaemia trait in premarital screening 
individuals in Nineveh province. 

 

SUBJECTS AND METHODS 
The subjects were couples who attend the 

primary health care centers in Nineveh 
governorate for routine premarital investigations. A 
questionnaire was used for each individual and 
each person’s name, age, sex, were recorded, 

RBC indices (HB, PCV, MCV, MCH, MCHC, RDW, 
RBC count), HBA0, HBA2 and HBF were done. 
1127 subjects were included. All were of Iraqi 
nationality and living in different parts of Nineveh 
governorate.  
This was a cross sectional study and permissions 
for this study were taken. 

The study was performed in Nineveh Province. 
The premarital screening program in Nineveh 
province is controlled by the Ministry of Health and 
Nineveh Health Directorate. It is performed in three 
main centers in Nineveh, these are: 

-Ibn Al-Atheer teaching hospital in Mosul city. 
-Talafar general hospital in Talafar district. 
-Al-Hamdania primary health care center in Al-

Hamdania district.  
Blood Sampling and Sample handling: 

A seven mL of blood was aspirated from each 
subject by venipuncture, 3 ml of which were placed 
in an EDTA anticoagulant sterile vacutainer tube 
for manual blood grouping , hematological and red 
cell indices estimation by an automated cell 
counter (Swelab/Coulter counter-From Sweden) 
and also to perform Hb variant analysis by using 
high performance liquid chromatography technique 
(the used instrument was the variant П Beta 
Thalassemia Short Program, from  Bio-Rad 
laboratories-USA) for measuring and detection of 
HbA2, HbA0, HbF and other abnormal hemoglobin, 
while remaining 4 ml of blood were collected in a 
plain tube for viral  screen . 
The individual was diagnosed to have β-
thalassemia trait when HbA2 >3.5.  

 

RESULTS 
Out of 1127, β-thalassaemia trait was diagnosed 

in 47 subjects, 31 were male (66 %) with mean age 
of 25 years and 16 were female (34 %) with mean 
age of 19 years, their main hematological 
parameters are shown in table (1). In male, the 
range of their hemoglobins were 11.3-17.1 g/dl 
with a mean of 14.4 g/dl and a range of 8.8-15 g/dl 
with a mean of 12.5 g/dl in female. The mean MCV 
and MCH were 68.3 fl and 22.4pg respectively, 
and the mean of HbA2 concentration was 4.9% 
with a range of 3.6-6.9% figure (1). The mean and 
range of HbF was 1.2% and 0.2% -10.3% 
respectively. The mean RBC count was 6.3 × 
10

12
/L. The MCV and MCH were >76 fl and >25 pg 

β 
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in 9 cases, and 2 cases their MCV were >76 fl but 
their MCH <25 pg and only one case had 
MCH >25 pg but low MCV <76 fl. This signifies that 

not all cases with β-thalassemia trait should have 
low MCV and low MCH. Mean of (RDW %) was 
14.1 % and only in four cases it was elevated. 

 
Table (1): The main hematological parameters in cases with β-thalassemia trait. 

SEX 

Hb 

g/dl 

Pcv 

% 

MCV 

fl 

MCH 

pg 

MCHC 

g/dl 

RDW 

% 

HbA0*
 

% 

HbA2 

% 

HbF 

% RBC×10
12

/L 

M N=31 (66.0%)           

Mean 14.4 44.1 67.7 22 32.4 13.9 83.5 4. 9 1 6.7 

Std. Deviation 1.5 3.9 9.6 4 2. 5 1.3 2.3 0.9 1.4 0. 9 

Minimum 11.3 34.8 56.3 16 25 11.4 79 3.6 0.2 4.9 

Maximum 17.1 50 90.9 31.5 36.4 17 87.5 6.9 7.9 8.8 

F N=16 (34.0%)           

Mean 12.5 37.4 69.5 23.2 33.3 14.5 79.5 4.8 1.5 5.5 

Std. Deviation 1.9 5. 4 9.4 3.7 1.6 2.7 20. 2 0.9 2.5 0.8 

Minimum 8.8 25.7 57 18 30.7 11.4 4 3.6 0.2 3.3 

Maximum 15 45 84.4 30.5 36.2 21.5 87.3 6.4 10.3 6.9 

Total N=47           

 Mean 13.7 41.9 68.3 22.4 32.7 14.1 82.1 4.9 1.2 6.3 

Std. Deviation 1.9 5.5 9.5 3.9 2.2 1.9 11.8 0.9 1.8 1 

Minimum 8.8 25.7 56.3 16 25 11.4 4 3.6 0.2 3.3 

Maximum 17.1 50 90.9 31.5 36.4 21.5 87.5 6.9 10.3 8.9 

*HbA0 is the pure non glycated hemoglobin. 
5
.  

 

 

 

 

 

 

 

Figure (1): Chromatogram of a case 
with β-thalassaemia trait 

 

 

 



Bassma Adnan Yonus                                                                          Hematological parameters of β-thalassemia ..  

160                                                                                                    Ann Coll Med Mosul December 2020 Vol. 42 No.2 

DISCUSSION 
Nineveh is the second largest Iraqi province 

regarding population size. It lies at the northwest of 
Iraq. An important finding in this study is the mean 
of red cell indices in cases with β_thalassemia trait 
which include relatively normal hemoglobin with 
elevated RBC count and reduced MCV, MCH 
which is disproportional to the level of hemoglobin, 
and this finding is consistent with other studies 
as.

6,7,8
. Al-Suliman also mentioned low MCV & 

MCH in β-thalassemia trait in his study 
9
. 

An important issue was that the majority of cases 
in this group their MCV and MCH were <76 fl and 
<25 pg (as these were the cut off points of the kits 
used), but still there were some cases with higher 
levels of MCV and MCH (The MCV and MCH 
were >76 fl and >25 pg respectively in 9 cases, 
and 2 cases their MCV were >76 fl but their MCH 
<25 pg and only one case had MCH >25 pg but 
low MCV <76). This signifies that not all cases with 
β-thalassaemia trait should have low MCV and low 
MCH. This also signifies that we should depend on 
both MCV and MCH not only one of them (at least 
one of them is lower than normal) and this is 
similar to other studies like.

4,9,10 
. While other 

depended on MCV only as in.
11

, Karimi & 
Pranpanus had considered the MCH as the only 
parameter to depend on in the screening for 
thalassemia.

12,13 
. Findings also signify the 

importance of using HPLC in detecting β-
thalassemia trait and not to depend on MCV, MCH 
only to diagnose β_thalassemia trait. 

The RBC count was elevated in nearly all cases 
(43 cases & 93.5%) and this is consistent with 
other study. 

14,15 
This increase is due to 

pathophysiology of the disease as globin chain 
excess precipitate in erythroid precursors and RBC 
leads to a discrete ineffective erythropoiesis that 
causes increased production of RBC in order to 
compensate for anemia.

16
. 

Red cell distribution width (RDW), which is one 
of the red blood cell indices in (CBC), reveals the 
degree of anisocytosis of red blood cells. This is 
considered as a significant value in differentiation 
between patients with IDA and β-thalassemia 
trait.

17,18 
. RDW tends to be higher in iron 

deficiency anemia than in thalassemia minor 
because thalassemia minor show homogeneous 
microcytosis in comparison with that of iron 
deficiency anemia patients.

19
 . In microcytic MCV 

ranges, RDW-CV had the best sensitivity (86.8%) 
and efficiency (86.8%) in detecting anisocytosis. 
Whereas, RDW-SD was more sensitive and 
efficient in normocytic (82.9% and 83.3%) and 
macrocytic (90.2% and 90.2%) MCV ranges.

20
 . 

The mean of RDW in this group of β-thalassemia 
trait was within normal range, and it was found 
normal in β- in many studies as in.

18, 21
, while 

Yousafzai found that RDW in β_thalassemia trait 
was higher than normal. 

7
. This is because 

reduction of β-globin synthesis in thalassemia 
minor lead to homogeneous microcytosis.

19 
.  

The cut-off point of HbA2 used for diagnosing 
the β-thalassemia trait is more than 3.5%, which is 
consistent with other studies such as.

8, 22, 23
. The 

mean value of HbA2 in this group was 4.9%. The 
mean of HbF in β-thalassemia trait was 1.2% 
which was considered significantly different from 
that of normal individuals (0.5%) and this is 
expected in β-thalassaemia trait as a 
compensatory mechanism for the reduction in the 
synthesis of β_globin chain.  

If the individual has low MCV, low MCH, but 
normal HbA2, this may be due to iron deficiency 
anemia or may be a silent B-thalassemia carrier; 
this is differentiated by measuring serum ferritin 
which is low in iron deficiency anemia. 

When a subject had a low Hb, low MCV, low 
MCH, borderline HbA2, measure serum ferritin to 
detect any evidence of iron deficiency anemia 
which affect HbA2 level.

24, 25, 26  .
  

 

CONCLUSION 
β-thalassaemia trait is usually presented with low 
MCV and/or low MCH but the accurate and 
dependable technique in detecting carriers is the 
High Performance Liquid Chromatography (HPLC) 
where HbA2 is usually elevated to >3.5%. 
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