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ABSTRACT

Background: Thalassemia is a hereditary red blood cell disorder characterized by defective synthesis of hemoglobin globin chains,
leading to microcytic, hypochromic anemia.

Methods: This research was conducted at the Thalassemia Test Unit, Gynecology and Obstetrics Teaching Hospital, Holy Karbala
Province, Iraq, between December 1, 2024, and February 28, 2025. One hundred fifty diseased individuals were used in this study;
their ages were ranged between 2-48 years old from male and female affected with thalassemia. The exclusion from the study about
2 individuals, that samples were excluded because participants had chronic illnesses or genetic disorders. In addition, cases whose
health conditions were deemed unsuitable according to the study criteria were excluded. The number of samples 87 males and 61
females for testing, The study involved people in a, specified age group ranging from 2 and 28 years old that have a good health
and free from any chronic or genetic diseases. The study included both genders to ensure representation of both sexes. The study
Participants had a normal body weight, and people with obesity or severe underweight were excluded .

Results: The study showed that there is relation between thalassemia and ABO blood groups, it revealed that B+ is the highest
affected blood group among all especially major thalassemia, whereas AB+ showed the lowest results. On the other hand, the study
showed the relation of RBC, WBC and Platelets counts to thalassemia, revealing that RBC count is equal in male and female in minor
thalassemia but female was higher in major thalassemia. At the meantime, Platelet count was higher in female than male in minor
thalassemia but quite the opposite for major thalassemia. Lastly, the study showed the relation between WBC count and thalassemia,
it was higher in female than male in both types.

Conclusion: This study led to the recording of some effects and relationships of thalassemia disease with some immunological and

hematological parameters in patients of Holy Karbala Province as a sample of Iraqi population.
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INTRODUCTION

Thalassemias are a family of autosomal recessive
hemoglobinopathies. They are among the most common
monogenic disorders worldwide' and are caused by
different molecular defects. Alpha-thalassemia is caused
by mutations that reduce production of alpha-globin
peptides, and beta-thalassemia is caused by mutations that
stop production of beta-globin peptides.? These conditions
tend to occur in clusters in the Mediterranean basin, the
Middle East, the Indian subcontinent and Southeast Asia.>

In a number of populations in southern Asia, alpha-
thalassemia can be almost genetically fixed with carrier rates
ranging from 80% to 90%.* This epidemiological footprint is
similar to that seen in areas of the world where Plasmodium
falciparum malaria is endemic, and is a hallmark of a balanced
polymorphism; heterozygous carriers of the infection have
a survival advantage against severe infection.® While no
single figure can be given for the total global costs, the
socioeconomic and clinical impact of thalassemia is steadily
increasing, especially because of clinical improvements and
increased life expectancy in the endemic countries.®
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The genetics of alpha-thalassemia are similar to those
of a duplicated-gene architecture. Usually an individual
will have two copies of the alpha-globin gene (HBA1T
and HBA2) on each of the 16 chromosomes for a total
of 4 working copies of the gene. Offspring can inherit
alpha-thalassemia trait, Hemoglobin H (HbH) disease or
fatal Hydrops fetalis syndrome caused by the presence
of alpha-thalassemia deletions or inactivating point
mutations in the parental alleles. The severity of the
phenotype depends on the number of the disabled loci,
the locus of the disabled gene (HBA2 versus HBA1) and
cis versus trans configuration. For example, a person with
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a cis-deletion (--/alpha alpha, also known as alpha-0-
thalassemia) has a high risk of passing on hydrops fetalis
to their child than does a person with a trans-deletion
(-alpha/-alpha, also known as homozygous alpha-plus-
thalassemia). Above all, a definitive molecular typing
for alpha-plus and alpha-0 variants is a vital tool in the
prenatal screening and genetic counseling of patients.’

In contrast with the duplicated alpha cluster, only one HBB
gene on chromosome 11 is responsible for the synthesis
of beta-globin. Beta-thalassemia is a clinically highly
heterogeneous disorder:

«  As for the milder heterozygous mutations, the carrier
state (beta-thalassemia minor), is usually asymptomatic,
with only slight red cell count variations, mild
hypochromia and borderline microcytosis. This is the
commonest clinical presentation in clinical screening.

. Beta-thalassemia intermedia: Classifies a state of
moderate anemia in which beta-globin production
is sufficiently reduced, but where a lifelong need for
regular transfusion is not present [8].

In terms of cells, quantitative reduction (beta-plus) or
complete loss (beta-zero) of beta-globin will cause a
stoichiometric imbalance as cells will not be coordinated.
When alpha-globin is free (not paired with beta-globin), it
cannot make functional tetramers, but instead precipitates
as hemichromes, which are insoluble, inside developing
erythroid precursors. These inclusions cause oxidative
damage to the membranes, apoptosis, severe ineffective
erythropoiesis in the bone marrow and peripheral
extravascular hemolysis. This cellular destruction is
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proportional to the type of molecular lesion found in the
HBB locus on the 11th chromosome [9].

Materials and Methods

Experimental Design:

This experiment was carried out at Thalassemia test Unit/
Gynecology and Obstetrics Teaching Hospital, Irag. 150
healthy individual were used in this study; their ages were
ranged between 2- 48 years old. blood samples were
obtained as follow Figure (3-1) study design :

Blood sample collection:

Samples were collected from Thalassemia test Unit
laboratories in the form of samples in an EDTA tube with
the results of their cellular analysis. They were separated
by centrifuge at 3000 rpm for 10 minutes. Plasma samples
were collected in an Eppendorf 1.5 ml container and stored
at -40 degrees.

Hematological parameters

Immunological and hematological parameters were
calculated by using a complete blood count device or auto-
hemolyzer supported by Abbott®.

Statistical Analysis

The Statistical Packages of Social Sciences -SPSS (2019)
program was used to detect the effect of difference groups/
factors in study parameters. T-test was used to significant
compare between means. Chi-square test was used to
significant compare between percentage (0.05 and 0.01
probability) in this study.

Chromosome 16

Chromosome 11

Figure (1-1): Chromosomal location and organization of the a- and B-globin gene clusters.
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Subject of study 150
heathy individuals

61 females 87 males

Blood samplein tube
EDTA

Subjected to Hematological and

Immunological testing

Figure (2-1): Study design

Table (3-1): Distribution of the sample study according to types of Thalassemia and age in Male individuals

Type

P-value
Age Minor Major Total
2-15 14 (34.15%) 27 (65.85%) 41 0.0423 *
16-38 4 (8.70%) 42 (91.30%) 46 0.0001 **
Total 18 (20.69%) 69 (79.31%) 87 0.0001 **
P-value 0.0392 * 0.0388 * L &
* (P<0.05), ** (P<0.01).
Table (3-2): Distribution of the sample study according to types of Thalassemia and age in Female individuals
|___JypeAgely) |  Minor Major Total P-value
2-9 7 (38.89%) 11 (61.11%) 18 0.346 NS
10-30 10 (23.26%) 33 (76.84%) 43 0.0005 **
Total 17 (27.87%) 44 (72.13 %) 61 0.0005 **
P-value 0.179 NS 0.266 NS - LY
** (P<0.01), NS; Non-Significant.
Table (3-3): Distribution of the sample study according to types of Thalassemia and Gender
e ) .
sender Minor Major Total P-value
Male 18 (20.69%) 69 (79.31%) 87 0.0001 **
Female 17 (27.87%) 44 (72.13%) 61 0.0005 **
Total 35(23.65%) 113 (76.35%) 148 0.0001 **
P-value 0.562 NS 0.519NS - -
* (P<0.05), ** (P<0.01).
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Table (3-4): Distribution of sample study according to types of Thalassemia and Blood group

ype Minor Major Total P-value
A+ 12 (22.22%) 42 (77.78%) 54 0.0001 **
B+ 6 (16.67%) 30(83.33%) 36 0.0001 **
AB+ 3(37.50%) 5(62.50%) 8 0.4795 NS
O+ 14 (28.00%) 36 (72.00%) 50 0.0019 **
Total 35 113 148 -
P-value 0.0072 ** 0.0077 ** -- --
*%* (P<0.01), NS; Non-Significant.
Table (3-5): Relationship of Thalassemia type in the Hematological
Parameters : Thalassemia types (Mean £SE) : P-value
Minor Major
RBC (N x10°cell/mm?) 3.11 £0.09 2.98 +£0.06 0.227 NS
Hb (g/dL) 8.14 £0.19 7.98 £0.12 2.315NS
HCT (%) 22.78 £0.61 22.70 £0.63 0.463 NS
MCYV (fL) 73.94 £1.14 75.05 +£0.63 2.554 NS
MCH (pg/cell) 26.73 £0.52 27.18 £0.29 1.169 NS
PLT (x 10%) 360.11 £33.31 373.12 £23.79 91.55 NS
MPV 9.18 +0.19 9.38 +.14 0.535 NS
Table (3-6): Relationship of Thalassemia type with Immunity
Parametef$ i Thalassemia Types (Mean :I:SE)' P-value
Minor Major
WBC (N x10° cell/mm?) 10.21 £1.82 11.58 +1.34 5.157 NS
Lymphocyte (%) 45.51 £1.49 45.23 £1.14 4.331 NS
GRA (%) 46.78 +1.54 46.26 £1.23 4.652 NS
RESULTS Distribution of the sample study according to types of

Distribution of sample study according to types of
Thalassemia and age in Male individuals

Table (3-1) shows the highly significant (P< 0.05) distribution
of samples in major thalassemia than minor thalassemia
in all ages, also shows the highly significant (P< 0.05)
distribution of thalassemia in the age group between (16-
38) more than the age group (2-15) in male patients.

Distribution of sample study according to types of
Thalassemia and age in Females individuals

The result in table (3-2) shows the highly significant (P< 0.05)
in distribution of samples in major thalassemia than minor
thalassemia in all ages, also indicated highly significant
(P< 0.05) the distribution of thalassemia in the age range
between (10-30) more than age (2-9) in female.

Thalassemia and Gender

The result of table 3-3 indicated the highly significant (P< 0.05)
in distribution of samples in major thalassemia than minor
thalassemia in male group and female group, also show highly

significant (P< 0.05) in total number in major thalassemia than
minor thalassemia, but no significant (P< 0.05) between minor
thalassemia and major thalassemia in both gender groups.

Distribution of sample study according to types of
Thalassemia and Blood group

The result in Table (3-4) indicated a highly significant (P<
0.05) difference in the distribution of samples in major
thalassemia than minor thalassemia in all blood groups
except the AB+, where there was a non-significant difference
between minor and major thalassemia. Also, the A+ blood
group is found more frequently than in other groups.
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Relationship of Thalassemia type in Hematological and
Immunological parameters

The results of in table (3-5) shown non- significant (P<
0.05) compared in RBC, Hb, HCT, MCV, MCH, PLT and MPV
between minor and major thalassemia, shown figure (3-
5). On the other hand, shown the non-significant (P< 0.05)
comparison of WBC, lymphocyte and granulocyte between
minor and major thalassemia, table (3-6), figure (3-6).

Effect the Types of Thalassemia and Gender on
Hematological and Immunological parameters

Looking at the core erythrocyte profiles in Table 3-7, neither the
specific type of thalassemia nor the patient's gender produced

any statistically significant effect on overall RBC, hemoglobin,
or HCT levels. The red cell morphological indices in Table 3-8
follow the exact same pattern: MCV and MCH values show no
meaningful variance across sex or clinical diagnosis.

The leukocyte data in Table 3-9, however, breaks this
uniform trend. Gender exerts a clear, significant effect on
total WBC counts (p < 0.05), with male patients consistently
recording higher baseline levels than females. Interestingly,
the clinical severity of the disease (major versus minor)
does not drive total WBC numbers at all. This sex-based
divergence is also strictly limited to the total count—when
we break down the white cells into specific lymphocyte and
granulocyte fractions, both gender and thalassemia type
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Figure (3-5): Relationship of Thalassemia type in the Hematological
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Figure (3-6): Relationship of Thalassemia type in Immunity
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Table (3-7): Effect of types of Thalassemia and Gender in RBC, HCT and HGB

RBCs HCT HGB
Parame ender Minor Major Minor Major Minor Major
(Mean) (Mean) (Mean) (Mean) (Mean) (Mean)
Male 3.16 £0.17 2.95 +0.07 22.85 £1.04 22.88 £0.58 8.12 +0.32 7.96 £0.15
Female 3.07 £0.11 3.03 £0.08 22.71 £0.66 22.41 £0.58 8.16 £0.24 8.03 £0.18
T-test 0.407 NS 0.229 NS 2.032 NS 2.559 NS 0.809 NS 0.472 NS

NS: Non-Significant.
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Table (3-10): Effect of types of Thalassemia and Gender in PLTs, MPV (fl)

Figure (3-7): Effect of types of Thalassemia and Gender in RBC,
HCT and HGB
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Figure (3-8): Effect of types of Thalassemia and Gender in MC
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Figure (3-9): Effect of types of Thalassemia and Gender in WBCs,
Lymphocyte (%) and Granulocytes

MCV MCH
Parameters Gender Minor Major Minor Major
(Mean) (Mean) (Mean) (Mean)
Male 73.44 £2.04 75.31 +0.85 26.50 +0.92 27.39 +0.34
Female 74.43 £1.09 74.64 +0.92 26.97 £0.49 26.84 +0.51
T-test 4.705 NS 2.563 NS 2.117 NS 1.176 NS
NS: Non-Significant.
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Figure (3-10): Effect of types of Thalassemia and Gender in PLTs,
MPV (fl)

lose all statistical significance.

We see a parallel dynamic in the thrombocyte data outlined
in Table 3-10. Total platelet counts are significantly higher
in males than in females (p < 0.05), yet the actual type of
thalassemia has zero statistical bearing on these numbers.
Finally, mean platelet volume (MPV) stays entirely flat across
the board, completely unaffected by either the patient's sex
or their specific disease classification.

DISCUSSION

Major thalassemia was more prevalent than minor
thalassemia in all age groups analyzed for males as revealed
by our findings (Table 3-1 and 3-2) with a statistically
significant difference (p<0.05). This finding is in keeping
with the literature, which indicates that the diagnosis
of beta-thalassemia major is made much more reliably,
because of the acute nature of its onset. Pallor, failure to
thrive and progressive hepatosplenomegaly are common
features and are usually a clinical emergency in the infant
or early childhood period [6]. On the other hand, people
with thalassemia minor are usually not symptomatic or
only have minor microcytic indices. As a result, they often
go undiagnosed or are misdiagnosed, especially in health
jurisdictions not implementing population wide screening
for hemoglobinopathies (Camaschella, 2015)."

It was found that there was a clustering of the ages within
the adolescent and young adult age groups (10-38 years)
compared to the early pediatric age groups (2-15 years) by
stratification. This distribution is due to several clinical and
demographicfactors. First, the disease has become a manageable
chronic condition rather than a deadly pediatric illness, as a result
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of systematic hypertransfusion protocols used in modern clinical
carein addition to the use of contemporary iron chelation therapy,
which has resulted in improved survival into the adult decades."”
Second, the widespread adoption of pre-marital carrier screening
programs in high prevalence areas such as South Asian and
Middle East countries with areas of customarily consanguineous
marriages has significantly enhanced diagnostic ascertainment.”?
Routine primary care was not used to identify these mildly
symptomatic people or latent carriers, which these public health
programs systematically capture.

A comparison by sex also showed a significant differential
distribution (Sp < 0.05%) between major and minor
presentations in both males and females, and the numbers of
cases were heavily skewed towards major presentations. This
is an intrinsic ascertainment bias: minor variants with silent
or borderline anemia are not systematically screened in the
family and are therefore not reported in the registers of major
centers, while severe cases end up in major hospital registers.’

This is due to the increase in clinical contact rates, periodic
transfusion dependency and the active clinical record-
keeping of severely symptomaticindividuals with thalassemia
major as reported here.”® On the other hand, asymptomatic
individuals with a single copy of the gene do not normally
request a specialist hematological evaluation unless they are
identified during a complete blood count performed as a
chance examination or as part of a family cascade testing.'*

Blood group analysis showed high frequency differences
between major and minor cohorts for most of the blood
group phenotypes ($p < 0.05%); with the highest frequency
of A+ blood group. The only exception was seen in the
AB+ group where no statistically significant difference was
seen between clinical variants. However, the aggregate
phenotypic distribution of our sample was A > O > B >
AB. Published regional reports show slight differences in
the distribution of the alleles of the ABO system, as the
distribution of alleles varies significantly from one region to
another, and also from one race to another.”” In fact, results
of the region showed that B+ phenotype was the most
common and O- was the rarest one in the beta-thalassemia
major patients of the region. Similarly, Waheed et al. (2023)'®
and Solanki et al. (2023)"” found that the O+ blood group
was more common and the AB- was less common among
patients of beta-thalassemia and no significant difference
was seen in ABO distribution among males and females.

Our data showed that all thalassemic patients had a
significant decrease in total RBC count, hemoglobin (Hb)
and hematocrit (HCT), and no statistically significant
difference was observed between major and minor patients.
The results are consistent with those of AL-MASAOODI
et al. (2020)'® in which patients with thalassemia showed
significant decrease in Hb levels when compared with
healthy controls (p<0.05).

This is in line with Shanthi, et al. (2013)" who attributed
the simultaneous decrease in Hb, erythrocytes and HCT
to accelerated uncompensated peripheral hemolysis and
ineffective erythropoiesis. Likewise, Bhuiyan et al. 2020 (20)
investigated 40 patients and determined that only 2.5%
of the patients maintained target levels, whereas 97.5%

maintained Hb levels below 10 g/dL. But appropriate use of
structured transfusion protocols is still essential to maintain
an adequate level of hemoglobin in the trough, which helps
to preserve physiological somatic development, avoid
compensatory extramedullary erythroid expansion and
reduce erratic secondary iron loading.

The indices of the erythrocytes were also depressed without
any significant difference between the major and minor
phenotypesin ourthalassemia group. The mean corpuscular
volume (MCV) and mean corpuscular hemoglobin (MCH)
are the first-line diagnostic discriminators, in keeping with
the recommendations of the Thalassaemia International
Federation (TIF) for screening. A combination of markedly
low MCV and MCH indices coupled with characteristic
peripheral smear morphology, which exhibits microcytosis,
hypochromia and obvious anisopoikilocytosis are highly
suggestive of a carrier state or latent variant."

The hematological parameters of thalassemics were found
to be significantly different from the reference values (Table
2).Instructural chainimbalances, membraneinstability leads
to early destruction of erythrocyte precursor cells, which
results in moderate to severe chronic anemia (mean Hb 8
+ 1 g/dL). This hypoxic stress leads to downstream effects
such as growth retardation, delayed bone maturation and
systemic endocrine stress.”'

In thalassemic patients there was a rise in total leukocyte
count, absolute lymphocytes and granulocytes levels when
compared to reference values. Absolute differential counts
(WBC%) did not differ by any significant amount among
the clinical classifications, but the total WBC levels were
significantly different between the major and minor groups.
Developing leukocytosis as a result of chronic baseline
immune activation was also seen by Munir et al.?' as in the
case of immunostimulatory effects seen under Lentinan.?

Therewasnosignificantdifference between majorand minor
presentations in platelet counts or mean platelet volume
(MPV) but absolute platelet counts were mostly elevated
compared to normal reference ranges. Thromboembolic
events have been shown to be significantly more common
in thalassemic patients compared to age matched normal
controls, especially those with beta-thalassemia intermedia,
and those patients who have undergone splenectomy. This
is a multi-factorial hypercoagulable state that is responsible
for this thrombotic vulnerability. Increased blood platelets
and reactive thrombocytosis are known indicators of
vascular occlusion risk in splenectomized persons and
intermediate phenotypes.?* In this particular context, MPV
offers a valuable morphological marker for baseline platelet
activation, aggregation potential, and turnover rate.?®

CONCLUSION

This study shows a distinct clinical distribution and the AB+
blood group was the least and major thalassemia cases
were the most prevalent. Thalassemic patients showed
uniform reduction in the mature erythrocyte indices while
there was a corresponding increase in circulating leukocytes
and platelets.Sex-stratified analyses revealed comparable
erythrocyte counts between male and female carriers in
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minor thalassemia, whereas females retained slightly higher
RBC counts in major cases. Platelet numbers trended higher
among females in minor thalassemia, yet skewed higher in
males presenting with major phenotypes. Total leukocyte
counts remained consistently elevated in female cohorts
across both disease categories.
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