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Abstract

Background

B-Thalassemia major is a prevalent autosomal recessive disorder worldwide, affecting
approximately 3-4% of the Palestinian population. Management of this condition poses
significant challenges, particularly in resource-constrained settings. This study aims to
investigate the factors contributing to the emergence of new cases of f-thalassemia major
after the implementation of obligatory premarital screening, thereby informing strategies for
prevention and intervention.

Methods

We conducted a cross-sectional case-series study that included all patients diagnosed with
B-thalassemia born in or after 2010 in the West Bank. 69 eligible patients from 62 families
were included in the study. The data used in this study were collected through a
comprehensive questionnaire covering the demographic and medical information of each
thalassemic child born after 2010 in the family, familial sociodemographic characteristics,
background characteristics of the parents (fathers and mothers), premarital screening, and
the knowledge, attitudes, and practices (KAP) of parents (mothers and fathers). In addition,
we collected blood samples from 68 children and 62 parents for hematological assessment
(complete blood count and hemoglobin electrophoresis).

Results

The largest proportion of emerging thalassemia cases were from the northern region and
resided in rural localities. 71% of the cases were from families married before 2010. 56.5%
of the parents reported undergoing premarital screening tests. The proportion of parents who
underwent premarital screening differed significantly by type of locality, year of marriage,
and age at marriage. In addition, investigating the self-reported results of the premarital
screening tests of each couple, we have found that among 24 partners who did not get tested,
22 were married before 2010 and 19 had children with pB-thalassemia major. Furthermore,
among 12 couples who reported that the two partners were tested and were non-carriers, 4
couples had children with B-thalassemia major, 4 had children with sickle cell thalassemia,
and 4 had children with thalassemia intermedia. Overall, the proportion of children with
thalassemia major was lower by 20% among parents who married in/after 2010. On the other
hand, comparison between the self-reported results of premarital screening and the results
of the hematological assessment (mean capsular volume), a total of 24 out of 32 parents had
discrepancies in their results. the hematological assessment also showed that 3 out of 62



parents had normal MCV, all of which had high HbS and were parents of children with sickle
cell thalassemia. Also, 8 parents had both low MCV and high HbS and one parent had low
MCV and high HbC and was a parent of two children with hemoglobin SC disease.
Assessment of knowledge showed that all parents had adequate knowledge about
thalassemia, 51.7% of the parents had poor overall attitudes, and 76.3% had poor attitude
scores towards the termination of pregnancy. Furthermore, 47.4% of the parents had good
overall practice scores. Knowledge scores were positively correlated with attitude scores
(r=300; p-value=0.01) but not with practice scores (r=0.058; p-value=0.543). Attitude score
towards prenatal diagnosis and overall practice scores were also positively correlated
(r=0.271; p-value=0.003).

Conclusions

This study highlights the pressing need for proactive measures to address the prevalence of
hemoglobinopathies in Palestine. Findings highlight the crucial role of Health Education and
Awareness Programs, aimed at disseminating information about thalassemia, its inheritance
patterns, and preventive measures. Additionally, the screening criteria should be revised to
include screening for other hemoglobinopathies, and the screening must be performed in
Designated Receptions Centers where trained staff perform and interpret the results in
accordance with standard laboratory diagnostic protocols. Strengthening pre-marital
counseling and screening services is imperative to ensure comprehensive coverage. Early
detection, accurate carrier identification, and informed decision-making regarding marriage
and family planning should be central in preventive efforts. Continuous training for
healthcare professionals and community workers is crucial to effectively prevent and
manage thalassemia.
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Chapter One

Introduction

1.1 Background

Thalassemia is one of the most common hereditary disorders in the world, affecting
quantitatively the synthesis of human hemoglobin (Swee Lay Thein, 2004). It was first
described in a patient of Italian origin by pediatrician Thomas Benton Cooley in 1925, at
that time, it was designated as Cooley's anemia (AL-Zwaini, 2018). Later on, the term
thalassemia was coined by George Hoyt Whipple of the University of Rochester, New York.
The term was derived from the ancient Greek word for sea, thalassa, since the ancients
thought it was a "disease of the sea“, and the suffix -aima (aima), which means blood
denoting the high occurrence of this hematologic disorder among populations of Greek,
Italian, Cypriot, Turkish, or Sicilian origins, all of whom are from the Mediterranean and
Black Seas (Siddiqui, Steensma, & Kyle, 2017).

Thalassemia has been found in ethnicities from almost every geographic location on the
globe, but they are most frequent in people from Africa and Asia's tropics and subtropics, as
well as the Mediterranean basin (Weatherall & Clegg, 2001) and the great majority being
born in the developing world (Renzo Galanello & Origa, 2010). However, the epidemiology
of thalassemia has been changing over the past few decades due to migration (A. Kattamis,
Forni, Aydinok, & Viprakasit, 2020). Annually, between 60,000 and 70,000 children are
born with severe thalassemia, affecting approximately 4.4 out of every 10,000 live births
worldwide (Muncie & Campbell, 2009), most of whom are affected by p-thalassemia major.

Depending on the reduction of the globin chain, thalassemia is classified as alpha-
thalassemia, [-thalassemia, gamma-thalassemia, delta-thalassemia, and delta-beta-
thalassemia (Viprakasit & Ekwattanakit, 2018). Although a and [ thalassemia are the most
common types of thalassemia, the most important genetic variety and the most common
widespread type is B-thalassemia, causing severe anemia in both homozygous and compound
heterozygous individuals (Raffaella Origa, 2000).

Thalassemia syndromes are among the few genetic disease paradigms in which early
mortality has been replaced by promising chronicity (Farmakis, Giakoumis, Angastiniotis,
& Eleftheriou, 2020). Thalassemia is a chronic condition with a variety of clinical and
physiological complications, it has a wide range of clinical manifestations, ranging from
transfusion-dependent anemia to a clinically asymptomatic characteristic that is usually
identified accidentally (Tarazi, Al Najjar, Lulu, & Sirdah, 2007). In addition, physical
deformities, underdevelopment, and delayed puberty can all result from its effects on health
(Sanctis, 2006). B-thalassemia has a wide spectrum ranging from mild to clinically
manifested diseases including B-thalassemia major and -thalassemia intermedia (Traivaree,
Monsereenusorn, Rujkijyanont, Prasertsin, & Boonyawat, 2018). The clinical complications
of B-thalassemia disease includes chronic hemolytic anemia, hepatosplenomegaly, failure to
thrive, and other consequences of B-thalassemia that can be fatal in children if not treated
properly (Renzo Galanello & Origa, 2010).



The Thalassemia International Federation (TIF) published the 2021 Guidelines for the
Management of Transfusion-Dependent Thalassemia (TDT), which classifies B-thalassemia
based on clinical severity and transfusion requirement into two primary groups: transfusion-
dependent thalassemia (TDT), which is a condition that requires regular blood transfusions
throughout life, and non- transfusion-dependent (NTDT), which is characterized by anemia
but is not severe enough to demand regular blood transfusions (Cappellini, Cohen, Porter,
Taher, & Viprakasit, 2014).

Almost 300 alleles of the B-thalassemia gene have now been identified (Renzo Galanello &
Origa, 2010). Identifying the factors that cause the wide range of clinical presentations has
clinical implications, and the reason for this is that the diversity of mutations (Sankaran,
Lettre, Orkin, & Hirschhorn, 2010) and the degree of imbalance between a- and non-o globin
chains determines the severity of B-thalassemia (Hassan, Badr, El Safy, Hesham, Sherief, &
Zakaria, 2016). Unlike the deletions that cause the majority of a-thalassemia syndromes, -
thalassemia is caused by point mutations in the -globin gene functionally important regions
(Traivaree et al., 2018). Furthermore, the variability of clinical severity can be attributed to
the inheritance of other blood disorders such as a-thalassemia and sickle cell disease and
complex forms of thalassemia resulting from defective production of two to four different
globin chains (8-, yoB-, and eydp-thalassemia) (Cao & Kan, 2013).

Due to a high carrier rate and a cultural preference for consanguineous marriages, the
prevalence of B-thalassemia has traditionally been high in the Middle East (A. Kattamis et
al., 2020). Arab countries have some of the highest rates of consanguinity in the world,
ranging from 20% to 50% (Tadmouri, Nair, Obeid, Al Ali, Al Khaja, & Hamamy, 2009).
The most important factors that contribute to the high prevalence of consanguineous
marriages in these regions are cultural and racial factors, as well as a lack of knowledge
about the negative outcomes of consanguineous marriages (Karimzaei, Masoudi,
Shahrakipour, Navidiyan, Jamalzae, & Zoragi Bamri, 2015).

1.2 Problem Statement

B-Thalassemia is one of the most common autosomal recessive disorders worldwide. Similar
to other Mediterranean populations, 3-thalassemia is common among Palestinians (Darwish,
El-Khatib, & Ayesh, 2005). Approximately 3-4% of the Palestinian population are carriers
of B-thalassemia (Al Sabbah, Khan, Hamadna, Abu Ghazaleh, Dudin, & Karmi, 2017,
Darwish, El-Khatib, & Ayesh, 2005) and the prevalence of sickle cell trait in the West Bank
is estimated to be 1.2% (Samarah, Srour, Yaseen, & Dumaidi, 2018). According to the
Thalassemia Patients Friends Society (TPFS), there were 864 B-thalassemia patients in 2021
(557 in the West Bank and 307 in Gaza Strip) (TPFS, 2021). The cure for this disease is
dependent on successful bone marrow or cord stem cell transplantation, both of which are
out of reach for the majority of families in our country. As a result, Palestinian -thalassemia
major patients rely solely on supportive care, resulting in serious medical, financial, social,
and psychological burdens, in addition to the complexity and high price associated with the
management of thalassemia that burden the national medical services, which are considered
insufficient and understaffed to meet these costs.

Prevention is considered the best strategy to maintain the ability of the national healthcare
system to provide the best care and support for thalassemia patients and their families in
light of the available resources. Several countries have set up comprehensive national
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prevention programs, which include population screening, mass awareness programs,
antenatal screening and counseling, premarital carrier screening, cascade screening, and
student screening (Cao & Kan, 2013; LIPKIN Jr, FISHER, ROWLEY, LOADER, & IKER,
1986).

The Thalassemia Patients' Friends Society (TPFS), a nonprofit Palestinian non-
governmental organization, was established in 1996 by a group of thalassemia patients, their
families, and professionals interested in the disease. Since its establishment, the TPFS has
continuously worked to improve the national awareness towards thalassemia through
campaigns targeting all classes of the Palestinian community, especially youth. Furthermore,
from September 2000 and up until 2008, the TPFS had implemented a prevention program
that provided premarital screening services for couples who are about to get married. In
2010, the superior legitimate judge adopted the implementation of premarital tests for 3-
thalassemia as an obligatory step before any proposed couple can be issued with a marriage
certificate. The screening program was then integrated into the national healthcare system
by the Palestinian Ministry of Health (MoH) and premarital screening can be performed for
free in any of the Health Directories of the Palestinian MoH (Al Sabbah et al., 2017; Tarazi
et al., 2007; TPFS). This program has successfully reduced the number of new thalassemia
cases in Palestine. Additionally, the prevention of B-thalassemia is advanced by the
introduction of prenatal diagnosis via chorionic villus sampling (CVS) and amniocentesis.
Prenatal diagnosis determines if an unborn child has thalassemia major, to provide the couple
with the option of aborting the baby to prevent the birth of an affected child if the fetus
appeared to be affected (Ayesh, Al-Sharef, Nassar, Thawabteh, & Abu-Libdeh, 2005; Tarazi
et al., 2007).

Although more than a decade has passed since the obligatory premarital screening program
was put in place, new cases of thalassemia are still born. Several factors that could
influence the outcomes of the thalassemia prevention program. Multiple social factors,
beliefs, and personal decisions in addition to certain genetic abnormalities that lead to failure
in detecting carriers could potentially explain why new cases of thalassemia major continue
to be born (LIPKIN Jr et al., 1986). For instance, consanguineous marriages, low literacy
rates, and low socioeconomic status are all common sociodemographic factors in developing
countries that contribute significantly to the continuing emergence of new B-thalassemia
major cases (Al Sabbah et al., 2017). Moreover, genetic factors, such as a mutation in the
promoter region of B-globin gene or the locus control region (LCR), result in no detectable
increase in HbA2 levels and near-normal CBC findings. These mutations have the tendency
to give false negative results, making B-thalassemia carriers difficult to identify (Swee Lay
Thein & Rees, 2015). Understanding these factors is important to understand how to further
prevent thalassemia.

1.3 Study Justification

The obligatory premarital screening test has been used in Palestine for about ten years and
has reduced the incidence of the disease (Tarazi et al., 2007). However, new cases of j3-
thalassemia are still born each year. Based on data from the TPFS, between 2010 and 2022,
77 children have been born with thalassemia in Palestine. A previous study investigated the
factors that influence the choice of parents to give birth to a fetus affected by thalassemia in
the West Bank. The study showed that religious beliefs were the most reported reason and
that mothers with lower educational level were more likely keep an affected fetus (Al Sabbah
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et al., 2017). Another study that assessed the attitudes of couples toward prenatal diagnosis
and its outcomes as a preventive method. The study reported good acceptability for prenatal
diagnosis in f-thalassemia afflicted families and that prenatal diagnosis was effective as all
couples with affected fetuses opted for abortion (Ayesh et al., 2005). To our knowledge,
there have been no studies that have investigated the factors other than prenatal diagnosis
that could contribute to the continuing emergence of new p-thalassemia major cases even
after more than a decade of implementing the obligatory premarital screening law.

1.4 Study Aim and Objectives

The goal of this study is to investigate factors associated with the emerging of B-thalassemia
major cases after the implementation of obligatory premarital testing in Palestine including:

e Factors related to premarital screening tests.
e Sociodemographic and cultural factors.
o Beliefs and personal decisions.



Chapter Two

Literature Review

In this chapter, we provide an extensive literature review that explains the pathogenesis,
molecular basis, diagnostic criteria, prevention strategies, treatment and the factors
associated with emerging of B-thalassemia.

2.1 Human Hemoglobin

Human hemoglobins are a diverse group of proteins found within red blood cells that
transport oxygen from the lungs to tissues and organs (H. W. Kim & Greenburg, 2004). This
heterogeneity manifests itself at all stages of development, when different types of
hemoglobin are synthesized (Williams & Weatherall, 2012).

2.1.1 Hemoglobin Structure

All human hemoglobins are tetrameric in structure, consisting of two different pairs of globin
polypeptide chains (2 alpha-like, 2 beta-like). Each globin chain is linked to one heme
molecule. However, different types of hemoglobins are synthesized during the stages of
human development as shown in Table (2.1) (Juul & Christensen, 2018).

Table (2.1): Hemoglobin types in the different developmental stages of human
life.(Source:(Al Haddad, Yassin, & Sirdah, 2012))

Hemoglobin Type Structure Developmental Stage
Hb Gower 1 (g2 Embryo
Hb Gower 2 0€2 Embryo
Hb Portland Loy2 Embryo
HbF o2y? Fetal and adult
HbA2 0202 Adult
HbA o232 Adult

2.1.2 Fetal to Adult Hemoglobin Switch

Following birth, the adult B and & globin chains gradually replace the y-globin chain. This
causes a significant shift in hemoglobin synthesis from HbF (o2y2) to adult hemoglobin HbA
(02B2) synthesis, which begins around the time of birth and lasts 6 months (Liu, 2021). Adult
hemoglobin (HbA) accounts for 96-98% of all hemoglobin that functions in adults. Fetal
hemoglobin (Hb F) is abundant during fetal life, but declines after birth to less than 1% by
the first year of life (Bain, 2011). Figure (2.1) shows gene expression of hemoglobin before
and after birth, in addition to the cell’s types and organs where different subunits are being
produced over time.
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Figure (2.1): Gene expression of hemoglobin before and after birth. (Source:(Wood, 1976))

2.2 Thalassemia

Thalassemias are a group of inherited hematologic disorders caused by defects in the
synthesis of one or more hemoglobin chains, imbalances of globin chains results in
hemolysis and impair erythropoiesis, which can lead to a variety of health issues
Thalassemia (Muncie & Campbell, 2009). Thalassemias results in a quantitative defect in
hemoglobin synthesis, this contrasts with hemoglobinopathies, such as sickle cell disease,
which are structural or qualitative hemoglobin defects (Needs, Gonzalez-Mosquera, &
Lynch, 2018). There are two main types of thalassemia, alpha thalassemia and p-
thalassemia. The type of thalassemia is determined by the number of gene mutations and the
section of the hemoglobin molecule — alpha or beta — that is affected.

2.2.1 Alpha Thalassemia

Alpha-thalassemia is caused by insufficient or absent alpha globin chain synthesis, resulting
in an excess of beta globin chains. Two genes on each chromosome 16 control the production
of alpha globin chains (Chui & Waye, 1998). a -thalassemia is typically a milder form of the
disease; this is due to the fact that there are four a-globin genes, which necessitate multiple
mutations to have a clinical impact. Furthermore, when compared to unpaired a-globin
chains in B-thalassemia, unpaired B-globin chains in a-thalassemia are intrinsically less
prone to precipitation (Rund & Rachmilewitz, 2005).


http://rarediseases.info.nih.gov/gard/621/alpha-thalassemia/resources/1
http://rarediseases.info.nih.gov/gard/871/beta-thalassemia/resources/1
http://rarediseases.info.nih.gov/gard/871/beta-thalassemia/resources/1

2.2.2 Beta-Thalassemia

B-thalassemia is an autosomal recessive inherited blood disorder characterized by decreased
or missing beta globin chain production, with phenotypes ranging from severe anemia to
clinically asymptomatic patients (Raffaella Origa, 2000). It is estimate that about 1.5 % of
the world's population (80 to 90 million people) are B-thalassemia carriers (Renzo Galanello
& Origa, 2010) and the annual incidence of symptomatic patients with B-thalassemia is
estimated to be 1 in 100,000 worldwide (Malakar, Kour, Malviya, & Dangi, 2016).

B-thalassemia has historically been classified based on the zygosity of the beta-gene
mutation into three categories: f-thalassemia minor (trait), intermedia, and major (Bajwa &
Basit, 2019). When a defective gene is unable to produce any B-globin, it is designated as
"B0," resulting in the more severe type of B-thalassemia. If the mutant gene can still fulfill
some functions, it is classified as "B+" (Wahed & Dasgupta, 2015).

B-thalassemia could be associated with other hemoglobinopathies (Renzo Galanello &
Origa, 2010). Beta-thalassemia with associated Hb anomalies includes:

e HbC/Beta-thalassemia

e HDbE/Beta-thalassemia

e HDbS/Beta-thalassemia (clinical condition more similar to sickle cell disease than
to thalassemia major or intermedia)

Hereditary persistence of fetal Hb and B-thalassemia

Autosomal dominant forms

Beta-thalassemia associated with other manifestations.
Beta-thalassemia-tricothiodystrophy

X-linked thrombocytopenia with thalassemia

2.3 Clinical Classification of p-Thalassemia

Thalassemia classification can vary depending on specific factors. Thalassemia is primarily
categorized into two major types: Transfusion-Dependent Thalassemia (TDT) and Non-
Transfusion-Dependent Thalassemia (NTDT).

1. Transfusion-Dependent Thalassemia (TDT):

This variant of thalassemia is characterized by its more severe nature. Patients typically
necessitate regular blood transfusions for managing their condition. Frequent transfusions
may lead to iron overload, requiring chelation therapy to eliminate excess iron from the
body. TDT is often associated with mutations that result in a significant reduction or absence
of one of the globin chains essential for hemoglobin production.

2. Non-Transfusion-Dependent Thalassemia (NTDT):

NTDT, in contrast, exhibits milder symptoms compared to TDT. Patients may not require
regular blood transfusions, or they may only need them intermittently, such as during illness
or pregnancy. NTDT is typically linked to genetic mutations that reduce, but do not entirely
halt, the production of one of the globin chains. Despite being less severe, NTDT still



presents certain risks, including iron overload (even without transfusions), bone deformities,
and an elevated risk of blood clot formation.

These classifications offer insights into the diverse manifestations and severity levels of
thalassemia. Alternatively, thalassemia can also be classified into three types based on
clinical characteristics:

2.3.1 p-Thalassemia Major (Cooley’s Anemia)

[B-thalassemia major is caused by a homozygous mutation in the beta-globin gene (beta-zero
thalassemia), which results in the complete absence of beta chains (Bajwa & Basit, 2019).
B-thalassemia homozygotes can develop either thalassemia major or thalassemia intermedia
(Cao & Galanello, 2010). It is the most severe form of thalassemia and manifests itself
between the ages of 6 and 24 months. Thalassemia major is a severe transfusion-dependent
anemia, Growth retardation and sexual maturation complications, as well as those seen in
adults with HFE-associated hereditary hemochromatosis (HH), are all consequences of iron
overload (Cao & Galanello, 2010). Affected infants fail to thrive and become progressively
pale, feeding difficulties, diarrhea, irritability, recurring spells of fever, and gradual
abdominal enlargement due to spleen and liver enlargement are all possible symptoms.
Deformities in the long bones of the legs, as well as usual craniofacial changes, are skeletal
modifications and tendency to a mongoloid slant of the eye(Renzo Galanello & Origa, 2010).

2.3.2 p-thalassemia Intermedia

B-Thalassemia intermedia is a clinical condition that falls in between asymptomatic carrier
B-thalassemia minor and transfusion-dependent severe anemia [ -thalassemia major
(Asadov, Alimirzoeva, Mammadova, Aliyeva, Gafarova, & Mammadov, 2018).Patients
with thalassemia intermedia have a wildly heterogeneous clinical profile, they present later
than those with thalassemia major, have milder anemia, and they do not need or only need
transfusions occasionally (Kesse-Adu, 2013). Patients between the ages of 2- and 6-years
old present at the severe end of the clinical spectrum, and while they are capable of surviving
without regular blood transfusions, their growth and development are limited. Patients who
are asymptomatic until adulthood with only mild anemia are on the other end of the range
(Renzo Galanello & Origa, 2010).

2.3.3 p-thalassemia Minor

Carriers or people with thalassemia minor are people who have the thalassemia trait in one
gene. When both parents are carriers there is a 25% risk at each pregnancy of having children
with homozygous thalassemia(Renzo Galanello & Origa, 2010). Thalassemia minor causes
carriers to become anemic or mildly anemic (Steven E. McKenzie MD, 2011). Hemoglobin
electrophoresis with an increased HbAZ2 is a hallmark of p-thalassemia minor (Silbermins,
2012).

2.4 Epidemiology of p-thalassemia

Approximately 1.5% of the world's population is B-thalassemia carriers. p-thalassemia is
most common in South Asia, the Middle East, North Africa, and Southern Europe (De
Sanctis et al., 2017; A. Kattamis et al., 2020).
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According to studies, the Maldives has one of the highest thalassemia carrier rates in the
world and the highest in Asia, with 16-18% of Maldivians being B-thalassemia carriers
(Mustafa et al., 2020). Cyprus is an Eastern Mediterranean Island where a high prevalence
of thalassemia poses a major public health concern with carriage rate of around 12%
(Kountouris et al., 2016). furthermore, Sardinia has a carriage rate of 12.6 % (Cao et al.,
1978).

In the Arab region, the carrier frequency ranges from 1% to 11% (Khan, Al-Sulaiti, Younes,
Yassin, & Zayed, 2021). For example, 3-thalassemia is one of Jordan's most common genetic
ailments, with a carrier prevalence of 2-4 % attributed to high consanguinity marriages, with
studies estimating that first cousin marriages account for 20-30% of all marriages (Hinda,
Qubbaj Waffa, Mohammed, Saleh, & Mohammed). In Egypt, B-thalassemia is the most
frequent kind of chronic hemolytic anemia (85.1%) with a carriage rate of 9-10.2% (A EI-
Beshlawy et al., 1999). Moreover, in Gaza Strip, B-thalassemia is considered a major public
health issue, which is exacerbated by the high occurrence of consanguinity that accounts
40.5- 47.5% of all marriages. The overall prevalence of B-thalassemia in Gaza Strip was
4.3% (M. Sirdah, 2008).

Although thalassemia used to be a problem mainly in certain regions of the world, migration
is increasing the prevalence of B-thalassemia and other major haemoglobinopathies in
various European nations, and major haemoglobinopathies have now become Europe's most
frequent genetic uncommon disease (A. Kattamis et al., 2020). Due to the increasing in the
adoption rate of children with thalassemia from China and other Asian nations to the United
States in recent decades, the incidence and prevalence of B-thalassemia have significantly
increased (E. P. Vichinsky, MacKlin, Waye, Lorey, & Olivieri, 2005). The COVID-19
pandemic has greatly reduced migration, although the long-term effects are still
undetermined (A. Kattamis et al., 2020). Table (2.2) shows the distribution of B-thalassemia
carriers among different populations.

Table (2.2): Distribution of B-thalassemia carriers among different populations.

Country Prevalence (%) References

Maldives 16-18% (Mustafa et al., 2020)

Sardinia 12.6% (Cao et al., 1978)

Cyprus 12% (Kountouris et al., 2016)

Egypt 9-10.2% (A El-Beshlawy et al., 1999)

United Arab Emirates 8.5% (S. Kim & Tridane, 2017)

Greece 7.4% (Malamos, Fessas, & Stamatoyannopoulos, 1962)
Gaza Strip 4.3% (M. Sirdah, 2008)

Palestine 4% (Al Sabbah et al., 2017)

Jordan 2-4% (Hinda et al.)

2.4.1 Spectrum of p-thalassemia Carriage in the Mediterranean Belt and Arabic
Countries

According to the study held at 22 different Arab countries in 2020, the majority of HBB gene
mutations were found in Saudi Arabia followed by Syria, while Palestine ranked the highest
fourth Arab countries (Khan et al., 2021). The number of mutations found in each population
varies based on its origin and interaction with other populations, and the methods employed
to characterize it (H. A. Hamamy & Al-Allawi, 2013).



IVS-1-110 (G>A) is the most prevalent and widespread mutation among Arabs with a rate
range between 12%-38%. The latter mutation is most common in Cyprus and Greece,
suggesting that it has originated in Greece. It is also the most frequent thalassemia allele in
the Turkish population (De Sanctis et al., 2017). The most common and widespread
mutations are most probably the oldest is codon 39 (C>T). All Arab countries, without
exception, share this mutation; it is believed to be of Roman origin (Zahed, 2001).

According to Khan et al, the following HBB gene mutations had the highest prevalence
across Arab countries among the 99 shared mutations with other ethnic groups: c.93—
21G>A, cl1l18C>T,c92+1G>A, c92+6T>C, c92+5G>C, c315+1G>A,
and ¢.27dupG (Khan et al., 2021).

On the other hand, in the Mediterranean belt, the most prevalent thalassemic genes in the Po
River Delta region are $°39 (nonsense mutation at codon 39) and B+ IVS-1-110 (G— A)
mutation (Del Senno et al., 1985). The 0-39 (C— T) mutation, on the other hand, is almost
exclusively prevalent in Sardinia (Cao & Kan, 2013), It's also common in continental Italy,
Spain, as well as Portugal and Tunisia (De Sanctis et al., 2017).

Recent research has revealed that the majority of B-thalassemia cases in Palestine are caused
by a small number of mutations in the -globin gene, and that similar mutations are also
widespread in the surrounding area (Reading, Sirdah, Tarazi, & Prchal, 2014; Zahed, 2001).
[Cd5 delCT, Cd6 delA, Cd27 G— T, IVS-I-1 G— A, IVS-I-6 T— C, IVS-1-110 G— A,
Cd37 G— A, Cd 39 C— T, and IVS-llI-1 G— A] are the most common mutations found
among Palestinians (Reading et al., 2014).The IVS-1-6 (T— C) represents the most common
one. The IVS-1-110 (G— A) and codon 37 (G— A) mutations, combined with the IVS-I-6
(T— C) mutation, account for more than 50% of the total alleles discovered., according to
the study were held in West Bank in 2010 (Darwish, EI-Khatib, & Ayesh, 2005).

2.4.2 B-thalassemia among Palestinians

In 1996, the World Health Organization (WHQ), in collaboration with The Thalassemia
Patients' Friends Society (TPFS), conducted a survey that revealed a 4% prevalence of
thalassemia carriers (Al Sabbah et al., 2017). According to Thalassemia Patients' Friends
Society (TPFS) data, the prevalence of thalassemia was 17.4 per 100,000 people in 2018,
with 847 symptomatic thalassemia patients across the West Bank and Gaza Strip.
Furthermore, records show that two-thirds of Palestinian patients were from the West Bank,
the northern governorates had the highest proportion of patients (47%) in the West Bank,
while the central governorates had only 9% and the southern governorates had 12%
(Aldwaik et al., 2021). In Gaza Strip, the prevalence of thalassemia is 0.02% (Tarazi et al.,
2007).

As of 2021, the number of B-thalassemia patients in Palestine is 864 patients, 557 of them
were from West Bank, and 307 were from Gaza Strip (TPFS, 2021). The relatively high
prevalence of Thalassemia gene carriers in Palestinian increases the likelihood of new cases
in the future; this is due to mutations being passed down from carrier parents to their
offspring.

Pre-marital B-thalassemia testing was introduced in Palestine in September 2000, resulting
in a decrease in the number of new P-thalassemia births. In addition, to supplement the
screening program for carriers married before the year 2000, prenatal diagnoses via
chorionic villus sampling (CVS) and amniocentesis were introduced (Tarazi et al., 2007).
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According to the Thalassemia Patients' Friends Society (TPFS), the prevalence of
thalassemia was 17.4 per 100,000 in 2018, with a total of 847 symptomatic thalassemia
patients across the West Bank and Gaza Strip (Aldwaik et al., 2021). More than 300 -
thalassemia patients are currently being treated in Gaza Strip government hospitals through
blood transfusions and iron chelation (Ayyash & Sirdah, 2018).

The focus of B-thalassemia control and care is on those with severe clinical symptoms
associated with the main type. The most prevalent procedure for controlling and managing
disease conditions in BTM patients is blood transfusion treatment (Daraghmeh, 2016).
Patients with 3 thalassemia need blood transfusions to survive. The primary purpose of blood
transfusion is to treat anemia, and the decision to begin transfusion therapy should be based
mostly on Hb levels (Renzo Galanello & Origa, 2010). The average age of patients in
Palestine has increased from 7—8 years in 1996 to 19-20 years in 2015 (Al Sabbah et al.,
2017).

Although blood transfusions save lives in individuals with B-thalassemia, they also burden
the body with extra iron, which leads to hemosiderosis and other comorbidities, as well as
irreversible biological damage such as cirrhosis, liver fibrosis, heart disease, and endocrine
abnormalities (Ayyash & Sirdah, 2018) and, most critically, the heart. If effective iron
chelating is not used, death occurs in TM due to heart failure or arrhythmia (Hoffbrand,
Vyas, Campo, Haferlach, & Gomez, 2019).

The current accepted mean Hb is 12 g/dl, with a post-transfusion Hb of 14-15 g/dl and a
pre-transfusion Hb of 9-10.5 g/dl, according to TIF recommendations (Cappellini et al.,
2014). Anemic presentation of Palestinians thalassemia patients in West Bank showed a
mean Hb of 8.4+1.4 g/dl during the last 2-year follow-up (Aldwaik et al., 2021). These low
Hb levels suggest inadequate transfusion treatment regimen management, a lack of
adherence to international standards, and maybe a failure to ensure patient adherence to
therapy on a regular basis.

According to the study were held in Gaza Strip in 2018, B-thalassemia were experiencing a
worsening clinical situation as seen by their hematological and biochemical test results,
which is mostly owing to their severe anemia and iron overload caused by a prolonged blood
transfusion routine combined with insufficient chelation (Ayyash & Sirdah, 2018).

Endocrinopathies are the most negative side effects of these f-thalassemia syndrome and
iron overload, accounting for 44.7 % of cases (Aldwaik et al., 2021). A study was held in
Palestine in 2014 has shown endocrine abnormalities of [-thalassemia patients,
hypogonadotropic hypogonadism (HH) or secondary hypogonadism associated to the
hypothalamus and pituitary glands was found in 47 % of cases, thalassemia patients also
showed signs of growth retardation, such as short stature and underweight, which is a sign
of insufficient transfusion (K Dumaidi, Al-Jawabreh, Al-Assi, & Karmi, 2015).

According to the study in Gaza Strip in 2014, splenectomy was performed in nearly 90% of
the 65 transfusion-dependent thalassemic patients due to Hypersplenism (cytopenia caused
by splenomegaly) or enormous splenomegaly that caused agony and discomfort for the
patient (Ayyash & Sirdah, 2018).

According to the TIF Guidelines, which have been adopted and used by many countries, it
is recommended to monitor body iron levels by assessing liver iron content using MRI-based
approaches; however, MRI-based approaches are not yet available in the West Bank
(Aldwaik et al., 2021). Serum ferritin testing may be the only way to estimate iron overload
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in developing countries such as Palestine. It can detect changes in iron concentration in
patients who are being closely monitored. Iron chelating therapy, when combined with blood
transfusions, is the greatest option for reducing comorbidities and extending patients' live
(Cianciulli, 2009).

In Palestine, the average life expectancy of a thalassemia patient is only 15 years, and many
suffer from iron overload, with iron levels reaching 1,000 mg/dL (Al Sabbah et al., 2017).
This has highlighted the importance of management and monitoring the patients' health
status, including measuring the rise in serum iron, ferritin, liver, and cardiac iron
concentrations, which results in organ damage and death.

2.5 The Changing Epidemiology of the Ageing Thalassemia Populations

The average life expectancy for individuals with B-thalassemia increased from 17 years in
1970 to 27 years in 1980 to 37 years in 1990. In 1964, only 37% of patients survived to 16.4
years of age (Engle, Erlandson, & Smith, 1964). In contrast, in 2011, 89% of patients
survived to the age of 40 (Ladis et al., 2011). Recent evidence indicates that 63% of patients
are expected to live until the age of 50, and 33% of these patients are expected to be disease-
free at this age, indicating a significantly longer life expectancy (Weidlich, Kefalas, & Guest,
2016). The Survival of B-thalassemia patients over the past several decades, as reported by
a selection of publications is outlined in Figure (2.2) (Farmakis et al., 2020)

According to a study published in Science Direct, life expectancy for patients with -
thalassemia has improved dramatically since the development of iron chelation therapy
(ICT). In Palestine, the average patient age has increased from 7-8 years in 1996 to 19-20
years in 2015 (Shah, Sayani, Trompeter, Drasar, & Piga, 2019). In a study published in
Frontiers, a total of 309 patients with B-thalassemia were included with an average age of
23.4+10.4 years ranging from 2 to 68 years (Aldwaik et al., 2021).

Normal
lifespan?
2011
2004 89% at
2000 83%at  40-49y
>40 Ladis, Eur J Haematol 2011
50% at Davis, Zood 2004
1982 35y
24% at Model, Lancet 2000
1964 28dyll d 82
37% at Modell, Br Med J 19
16y

Engle, Circulation 1964

Figure (2.2): Survival of thalassemia patients over the past several decades, as reported by a
selection of publications. (Source: (Farmakis et al., 2020))
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2.6 Pathophysiology of p-thalassemia

B-Thalassemia is characterized by a quantitative reduction of structurally normal globin
chains. They are caused by exceedingly diverse mutations that almost all damage the globin
locus (Nienhuis & Nathan, 2012). Because a- and non a-chains pair at a nearly 1:1 ratio to
generate normal Hb, in B-thalassemia, the molecular defects lead to absent or decreased
synthesis of P-chains and because alpha chain synthesis is unaffected, globin chain
production is unbalanced, resulting in an imbalance of chains, the excess mismatched chains
accumulate in the cell as an unstable product, resulting in cell death in the bone marrow and
extramedullary locations. This is known as inefficient erythropoiesis (IE) and it is a defining
feature of B-thalassemia (Hassan et al., 2016). Moreover, excessa-chain precipitations cause
structural and functional damage to the cell membrane and intracellular organelle
membranes; they also stimulate the formation of reactive oxygen species, which damage the
protein and lipid elements of cell membranes (Nienhuis & Nathan, 2012).

During erythropoiesis, the production of a-chain inclusions begins early and peaks in
polychromatophilic erythroblasts leading to cellular apoptosis. Anemia in severe f-
thalassemia reflects both inefficient erythropoiesis and shortened red cell survival (Mathias
et al., 2000).

Extramedullary erythropoietic tissue, particularly in the thorax and paraspinal area, may be
stimulated by increased erythropoietin production resulting in a rapid but ineffective
expansion of the bone marrow (up to 25 to 30 times normal), in addition to abnormalities of
the skull and face, marrow enlargement causes osteopenia(Hassan et al., 2016). In fact, rather
than underproduction of hemoglobin, the degree of imbalance in a-globin vs 3 + y globin
biosynthetic ratio is the most important predictor of disease severity (Nienhuis & Nathan,
2012). Figure (2.3) summarizes the pathophysiology of B-thalassemia.
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Figure (2.3): Pathophysiology of B-thalassemia. (Source: (Nienhuis & Nathan, 2012)).

2. 7 Molecular Basis of p-thalassemia

The human B-globin locus is approximately 70 kb in length and contains five genes, each
with its own promoter, arranged in the following order: €, Gy, Ay, 6, and B (G.T.Hesslein,
2004). B globin is encoded by a structural gene found in a cluster with the other B-like genes
on chromosome 11 (11p15.15) and it is made up of three exons separated by two
interconnected intron sequences known as "1VS." (Stamatoyannopoulos, 2005). 3 - globin
gene expression is tightly regulated during development and hematopoiesis, and its
expression is dependent on the locus control region (LCR), which is made up of five DNase
I hypersensitive sites (HS)(Swee Lay Thein, 2013).

For developmental expression, two mechanisms have been proposed: 1) gene competition
for the upstream B-LCR, with the gene nearest to the LCR gaining an advantage (Hanscombe
etal., 1991), and 2) autonomous silencing (transcriptional repression) of the preceding gene
(Raich, Enver, Nakamoto, Josephson, Papayannopoulou, & Stamatoyannopoulos,
1990).While the € and y globin genes are silenced autonomously at the proper embryonic
stage, production of the adult globin gene is dependent on the absence of competition for the
LCR sequences from the upstream gene (S. L. Thein, 2018).

B-thalassemia is caused by a variety of genetic abnormalities that induce a quantitative
reduction in structurally normal globin chains (Farmakis, Porter, Taher, Domenica
Cappellini, Angastiniotis, & Eleftheriou, 2022). Although about 300 thalassemia alleles have
been identified, only roughly forty of them account for 90% or more of all thalassemia
globally, this is because only a few mutations are widespread in locations where thalassemia
is prevalent, probably indicating local selection owing to malaria. As a result, each of these
populations has its own set of thalassemia alleles (Bajwa & Basit, 2019).
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Unlike most a-thalassemia syndromes, which are caused by deletions, 95% of B-
thalassemia’s are due to point mutations (Sabath, 2017) that disrupt all aspects of B-globin
production, including transcription, translation, and product stability or nonsense mutations
that result in aberrant protein synthesis or nonsense-mediated RNA degradation (Hassan et
al., 2016; Sabath, 2017).

2.7.1 Non-Deletion Form of B-Thalassemia

The majority of the B-thalassemia alleles are caused by these abnormalities. They affect
practically every known stage of gene expression and include single base alterations, minor
insertions, and deletions within the gene, or its immediate flanking sequences (Renzo
Galanello & Origa, 2010) as shown in Figure (2.4).

2.7.1.1 Transcriptional Mutations

Patients from various ethnic groups have been shown to have point mutations in the
conserved DNA sequences that make up the B-globin promoter and a stretch of 50
nucleotides in the 5 UTR (Swee Lay Thein, 2004). They usually cause mild to
minimal globin output deficiency, which reflects the relatively moderate phenotype of these
B+ thalassemias (S. L. Thein, 2018). Some of these B-thalassemia alleles are so mild that
heterozygotes (carriers) have nearly normal red cell indices and HbA2 levels, with the main
aberration being an imbalanced globin-chain synthesis (Gonzalez-Redondo et al., 1989).
Overall, "silent" B -thalassemia alleles are uncommon, with the exception of the —101 C—
T mutation, which has been seen quite commonly in the Mediterranean region, where it
interacts with a range of more severe [3-thalassemia mutations to produce milder types of -
thalassemia, (Maragoudaki et al., 1999). Several 5'-UTR mutations, such as CAP + 1A-C,
have a ‘silent' phenotype (C. Wong, Dowling, Saiki, Higuchi, Erlich, & Kazazian, 1987).

2.7.1.2 Mutations Affecting RNA Processing

A wide range of mutations obstruct the original mRNA transcript's processing. These
mutations at the splice junction can damage either of the invariant dinucleotides (GT at 5’
and AG at 3'), in which case normal splicing is completely abolished, resulting in the
phenotype of B © thalassemia. Splicing efficiency is reduced to variable degrees by mutations
in the consensus sequences at the splice junctions, resulting in a B+ phenotype that ranges
from mild to severe (Swee Lay Thein, 2004).

Mutations at position 5 IVS1 G — C, T, or A, for example, significantly diminish splicing
at the mutant donor site when compared to normal. Three “cryptic” donor sites, two in exon
1 and one in IVSL, appear to be activated by the mutations and are used preferentially to the
altered donor site (Treisman, Orkin, & Maniatis, 1983). The G to A mutation in the I\VVS1-
110 gene was the first identified base change in a B-thalassemia gene. In the Mediterranean
population, it is one of the most common types of B-thalassemia (Spritz et al., 1981).
Whereas this mutation is the second most prevalent mutation in our community (Darwish,
El-Khatib, & Ayesh, 2005). B-thalassemia major affects 0.02% of the population in the Gaza
Strip, with the IVS-1-110 mutation being the predominant mutation found in 34% of
thalassemic patients in this region (M. M. Sirdah et al., 2013).

2.7.1.3 Mutations Affecting Translation of B-Globin mRNA

Mutants affecting translation of B-globin mMRNA have been identified as key contributors to
the pathogenesis of B-thalassemia. These mutations disrupt the normal translation process,
leading to the production of abnormal B-globin proteins. Examples of such mutants include
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alterations in the ribosome binding site, start codon, or stop codon of the mRNA. These
mutations can result in truncated or nonfunctional B-globin chains, which subsequently lead
to hemolytic anemia and ineffective erythropoiesis. Understanding the molecular
mechanisms underlying these mutants is crucial for accurate diagnosis, prognosis, and the
development of targeted therapeutic interventions (Jaing, Chang, Chen, Lin, Wen, & Chiu,
2021).

The clinical implications of mutants affecting translation of B-globin mRNA in B-
thalassemia are significant. The resulting aberrant B-globin protein production disrupts the
normal structure and function of hemoglobin (Swee Lay Thein, 2013). This disruption leads
to the characteristic manifestations of f-thalassemia, including varying degrees of hemolytic
anemia, ineffective erythropoiesis, and clinical phenotypes ranging from thalassemia major
to intermedia. The severity of the clinical phenotype may vary depending on the specific
mutation and its impact on B-globin translation. Therefore, identifying these mutants and
understanding their clinical implications is crucial for appropriate management and genetic
counseling of individuals affected by p-thalassemia (S. L. Thein, 2018).

The study of mutants affecting translation of B-globin mRNA has opened up avenues for
potential therapeutic strategies in P-thalassemia. Researchers are exploring innovative
approaches to correct or bypass the abnormal translation process and restore normal -globin
protein synthesis (S. L. Thein, 2018). These approaches include gene therapy, RNA-based
therapies, and the use of small molecule compounds. For instance, gene editing techniques
using CRISPR/Cas9 hold promise for targeted correction of specific mutations. By
understanding the molecular basis of mutants affecting B-globin translation, scientists aim
to develop effective and personalized treatments for individuals with B-thalassemia,
ultimately improving their quality of life and prognosis. Continued research in this field is
essential to advance our understanding and expand the repertoire of therapeutic options for
B-thalassemia patients (Jaing et al., 2021).

2.7.1.3.1 Mutations Affecting the Initiation Codon

All BO- thalassemia is caused by mutations in the initiation codon (ATG)(Swee Lay Thein,
2013). However, these alternate start cordons are expected to cause premature termination,
rendering mutant mRNAs nonfunctional and vulnerable to nonsense-mediated decay
surveillance (Garcia-Rodriguez et al., 2020).

2.7.1.3.2 Premature Termination Codons

Approximately half of all B-thalassemia alleles are caused by the introduction of premature
termination codons, either as a result of direct mutations that produce a stop codon or as a
result of a change in the reading frame caused by the insertion or deletion of a single to a
few nucleotides (S. L. Thein, 2018).

The frameshift and nonsense mutations that produce recessively inherited p0- thalassemia
often result in premature exon 1 and 2 terminations, with minimal steady-state quantities of
aberrant MRNA (Swee Lay Thein, 2013). The mutation at codon 39 (CAG to TAG) was one
of the first nonsense mutations to be identified and investigated extensively (Humphries,
Ley, Anagnou, Baur, & Nienhuis, 1984). This mutation is the second most prevalent cause
of B-thalassemia among Mediterranean people, and it accounts for the majority of cases in
Sardinia (Takeshita, 1984; Swee Lay Thein, 2013)
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Figure (2.4): Location of mutations of the B-globin gene that result in p-thalassemia.
((Source: (Aldakeel et al., 2020)).

2.8 Genotype-Phenotype Correlation

B-thalassemia is divided into four types based on genotype-phenotype correlations: [-
thalassemia major (also known as Cooley's anemia), P-thalassemia intermedia, -
thalassemia minor and silent B-thalassemia (Origa, 2017).

Silent B-thalassemia carriers are heterozygous for the B++ allele (B++/B), and their red blood
cells and HbAZ2 levels are normal (Swee Lay Thein, 2013). Patients with a single p0 or p+
allele in the B-thalassemia minor gene are asymptomatic. Their laboratory data, on the other
hand, show elevated HbA2 levels as well as decreased microcytosis and hypochromia (Khan
etal., 2021).

Patients with B-thalassemia intermedia can be homozygous for the B+ allele (B+/p+) or
compound heterozygous for the O and B+ alleles (B0/B+). The phenotypic spectrum of -
thalassemia intermedia ranges from mild to severe anemia with occasional blood
transfusions (Ho, Hall, Luo, Weatherall, & Thein, 1998). The most severe form of
thalassemia, referred to as 3-thalassemia major, this type requires regular blood transfusions
to survive. The majority of B-thalassemia major instances are homozygous with the 0 allele
(B0/B0), with a lower cases having compound heterozygous (p+/p0)(Chen et al., 2010).

2.9 Diagnostic Criteria of p-thalassemia

A complete clinical history, physical examination, and laboratory results, including a
complete blood count, Hb profiles, and molecular studies, are required for screening and
definitive diagnosis of thalassemia and hemoglobinopathies (Ghosh et al., 2014).
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2.9.1 Clinical Diagnosis

If an infant or child under the age of two years has severe microcytic anemia, mild jaundice,
or hepatosplenomegaly, B-thalassemia major should be suspected (Raffaella Origa, 2000).
Some major adolescents experience delayed puberty. Many people with thalassemia major
experience such severe symptoms that they require blood transfusions on a regular basis to
replenish their red blood cell supply (Cao & Galanello, 2010).

Patients with thalassemia intermedia present with moderate anemia later in life and do not
require regular transfusions. The main clinical features of these patients are erythroid
marrow hypertrophy with medullary and extramedullary hematopoiesis and its
complications (osteoporosis, masses of erythropoietic tissue that primarily affect the spleen,
liver, lymph nodes, chest and spine, and bone deformities and typical facial changes)(Renzo
Galanello & Origa, 2010).

The p-thalassemia carrier state, which results from [-thalassemia heterozygosity, is
clinically asymptomatic and is characterized by specific hematological features (Cao &
Galanello, 2010).

2.9.2 Hematological Diagnosis

A diagnosis of B-thalassemia in individuals aged 12 months or older is typically based on
specific hematologic findings. These include microcytic hypochromic anemia,
anisopoikilocytosis with the presence of nucleated red blood cells on a peripheral blood
smear, and hemoglobin analysis revealing decreased or absent hemoglobin A and increased
levels of hemoglobin F (Munkongdee, 2020).

B-thalassemia carriers commonly exhibit a mean corpuscular volume (MCV) of less than 80
fL and a mean corpuscular hemoglobin (MCH) of less than 27 pg, along with elevated red
blood cell (RBC) counts. In cases where there is a delay in sample analysis, MCH is
considered a more reliable parameter than MCV (Sabath, 2017).

Patients diagnosed with thalassemia major present with severe microcytic and hypochromic
anemia, characterized by a reduced number of red blood cells and low levels of hemoglobin
(Hb) (<7 g/dl), as well as decreased MCV (50-70 fL) and MCH (12-20 pg) (Galanello &
Origa, 2010).

Individuals carrying either the B° or severe f++ mutations typically exhibit a relatively high
red blood cell count (RBC), while their mean corpuscular hemoglobin (MCH) levels are
significantly lower (MCV: 60-70 fL; MCH: 19-23 pg). Hemoglobin levels can vary
considerably, ranging from normal to a decrease of up to 2 g/dL (Brancaleoni, Di Pierro,
Motta, & Cappellini, 2016). The reference ranges for RBCs indices are listed in Table (2.3).

It is important to note that these two red blood cell indices alone cannot differentiate between
thalassemia trait and iron deficiency, or between a- and B-thalassemic conditions. When
microcytic hypochromic parameters are present, a differential diagnosis is necessary to
exclude iron-deficient anemia (Ghosh et al., 2014).

The Mentzer index, calculated as the ratio of MCV to RBC count, can aid in distinguishing
thalassemia from iron deficiency anemia. In cases of iron deficiency anemia, this ratio is
typically greater than 13, whereas in thalassemia, it is typically less than 13 (Wahed, 2020).
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Table (2.3): RBC indices in B-thalassemia. (Source: (R. Galanello et al., 1979))

Red Blood Cell Index Normal Affected Carrier
Male Female
Mean corpuscular volume (MCV) (fL) 89.1+5.01 | 87.645,5 | 50-70 | <79
Mean corpuscular hemoglobin (MCH) (pg) 30.9+1.9 30.2+2.1 | 12-20 | <27
Hemoglobin (Hb) (g/dL) 15.9+1.0 14.0+0.9 | <7 Males: 11.5-15.3
Females: 9.1-14

2.9.3 Qualitative and Quantitative Hemoglobin Analysis

Hb analysis is performed by cellulose acetate electrophoresis and high-performance liquid
chromatography [HPLC] . The Hb pattern in -thalassemia differs depending on the type of
B-thalassemia. HbA and HbF levels are highly dependent on the underlying molecular
defects and the degree of ineffective erythropoiesis (Brancaleoni, Di Pierro, Motta, &
Cappellini, 2016).

At hemoglobin analysis, HbA is absent in the classical form of B-thalassemia major
(homozygotes [°), and HbF accounts for 92-95 % hemoglobinHbAZ2 is 2-5% as shown in
Table (2.4) (Renzo Galanello & Origa, 2010).

The Hb pattern in beta+-thalassemia homozygotes with residual variable beta globin
synthesis or betaO/beta+ compound heterozygotes show HbA between 10 and 30%, HbF
between 70-90%, and HbA2 between 2-5% (Cao & Galanello, 2010).

The most valuable test for detecting p-thalassemia carriers is quantitative HbA2
determination. There are several methods available: Michrochromatography, cation
exchange HPLC, and capillary electrophoresis are the most accurate, fast, and simple (Lippi
& Plebani, 2016). In normal individuals, the expected normal range for HbA2 is between
2.4% and 3.2%, while in typical B-thalassemia carriers, it is between 3.6% and 7%. Values
between 3.2% and 3.6% are considered borderline and warrant further investigation,
particularly in young subjects or at-risk couples (Brancaleoni et al., 2016).

Despite an abundance of knowledge gathered, several issues in carrier identification persist.
Some B-thalassemia carriers have normal or borderline HbA2 levels but low MCV and MCH
levels, these include heterozygotes for mild-to-very-mild mutations as (IVS1-6, -87, 101) as
well as double heterozygotes (Paglietti et al., 2016). To distinguish these atypical f-
thalassemia carriers from others, a family study or additional molecular analysis is required
(Viprakasit et al., 2013).

A Saudi Arabian study found that HbA2 levels were 3.5% higher in p-thalassemia trait
individuals who were confirmed to have p-thalassemia HBB gene mutations. Individuals
with ¢.17 18het delCT, c.25 26delAA, ¢.218 G > C, ¢c.281 G > T, ¢.370A > C, or c.431A >
T, HBB mutations had HbA2 levels <3%, while those with ¢.[118 C > T], ¢.79 G > A, or
€.92 5 G > C had borderline HbA2 levels (Al-Amodi et al., 2018). This was seen also in a
Palestinian study, approximately 15.3 % of the microcytic and/or hypochromic cases had a
CBC profile consistent with the B-thalassemia carrier state; however, the HbA2 qualitative
and quantitative tests did not confirm the carrier state in those subjects. The HbA2 levels
were lower than the levels of diagnosis (Tarazi et al., 2007).

As a result, based solely on the HbAZ2 level, these B-thalassemia trait individuals would have
been misidentified as healthy, which is critical. This observation suggests that in the case
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of B-thalassemia traits, the phenotype does not always reflect the genotype and that making
a diagnosis solely based on phenotype can be misleading; thus, molecular tools such as HBB
gene sequencing are important molecular diagnostic tools (Khan et al., 2021).

Table (2.4): Hemoglobin pattern in B-thalassemia. ((Source:(Renzo Galanello & Origa,
2010))

Affected Carrier
Hemoglobin Type Normal Bo-Thal B*-Thal Homozygotes or p*/B° p-Thal
Homozygotes Compound Heterozygotes Minor
HbA 96% - 98% 0 10% - 30% 92% - 95%
HbF <1% 95% - 98% 70% - 90% 0.5% - 4%
HbA2 2% - 3% 2% - 5% 2% - 5% >.3.5%

2.9.4 Molecular Genetic Testing

Single-gene testing is the recommended molecular genetic testing method for B-thalassemia
(Raffaella Origa, 2000). PCR-based procedures are used to detect commonly occurring
mutations in the beta globin gene (Vrettou, Traeger-Synodinos, Tzetis, Malamis, &
Kanavakis, 2003). The most common methods are reverse dot blot analysis or primer-
specific amplification, which use a set of probes or primers that are complementary to the
most common mutations in the population from which the affected individual was derived.
If targeted mutation analysis fails to detect the mutation, beta globin gene sequence analysis
can be used to detect mutations in the beta globin gene (Renzo Galanello & Origa, 2010).

DNA analysis which sequences the coding regions and introns of the beta-globin gene
(HBB) in both orientations, detects hemoglobin variations that are difficult to detect with
electrophoresis/HPLC and can be used to diagnose -thalassemia (Roth, Lachover, Koren,
Levin, Zalman, & Koren, 2018). Figure (2.5) shows the flow chart of diagnostic criteria of
B-thalassemia.

Full medical history and family history
Complete blood cell count with erythrocyte indices
Blood smear/ BCB staining

+y
Low MCV (<80 fl) +
Low MCH (<27 pg)

Other causes of
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haematology ‘L -------------
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Figure (2.5): Diagnostic flow chart for identification of thalassemia carrier and thalassemia
intermedia ((Source: (Brancaleoni, 2016)).
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2.10 Factors Associated with Continuing Emerging of p-thalassemia
2.10.1 Sociodemographic Factors

Religious beliefs, ethnicity, culture, consanguineous marriages, and low socioeconomic
level are all factors associated with continuing emerging of f-thalassemia (A. Kattamis et
al., 2020). In the majority of Asia's developing countries, the prevalence of B-thalassemia is
closely linked to the country's social, cultural, and religious difficulties (Chawla, Singh,
Lakkakula, & Vadlamudi, 2017).

The high prevalence of B-thalassemia among endemic regions is highly attributed to high
consanguineous marriages(Origa, 2017). Depending on ethnicity, religion, culture, and
geography, the prevalence of consanguinity and rates of first cousin marriage vary greatly
within and between people and communities. Consanguineous marriages are culturally and
socially preferred in North Africa, West Asia, and South India where, B-thalassemia is
endemic, accounting for 20-50% of all marriages, with first cousin unions accounting for
nearly one-third of all weddings (H. Hamamy, 2012). These marriages are also high in rural,
impoverished and poorly educated communities (Kumar, Arya, & Agarwal, 2015). The
United Arab Emirates (UAE), with a consanguineous marriage rate of over 50%, has a high
frequency of thalassemia carriers among the MENA countries (S. Kim & Tridane, 2017).
Jordan's high frequency of R-thalassemia and other genetically determined recessive diseases
is partly attributable to the country's high consanguinity marriage rate, which has been
estimated to be between 20-30% for first cousin marriages (Hinda et al.). Also,
consanguinity is the main cause of high prevalence in Pakistan (Asif & Hassan, 2014).

Moreover, the high prevalence of B-thalassemia in Turkey's Southeast Anatolia region is
linked to consanguineous marriages and high birth rates (Gunes & Gozden, 2021). A study
was held at Tunisia showed that the geographic distribution of Thalassemia major revealed
that it is concentrated in small towns, especially in the western part of the country, were
close relative’s marriage (Bejaoui & Guirat, 2013).

2.10.2 Perceptions towards thalassemia

KAP surveys reveal misconceptions or misunderstandings that could be obstacles to the
behaviors we would like to implement, as well as potential barriers to behavior change.
Understanding the factors that affect thalassemia emergence and patients' quality of life is
critical for developing appropriate clinical programs, providing social support, and
enhancing treatment outcomes (Jeesh, Aser Adnan, & Al-Haboub, 2018).

2.10.2.1 Knowledge

Lack of understanding and awareness regarding the disorder, its consequences, as well as
psychosocial and cultural difficulties, may act as barriers to thalassemia prevention,
disclosure, and testing. Due to a major lack of awareness and understanding regarding
thalassemia, there is a lot of confusion about the differences between thalassemia carriers
and thalassemia major, inheritance patterns, and the physical and psychological effects of
the condition on affected people and their families (L. P. Wong, George, & Tan, 2011).

According to the findings of the survey held at Greece, education has the biggest impact on
the likelihood of being aware of thalassemia and having proper understanding of the disease’s
basic aspects (Politis, Richardson, & Yfantopoulos, 1991). In Jordan, 75% of families were
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unaware of the disease prior to the birth of their first affected child (Sadiq, 1999). Similarly,
insufficient understanding about the risk of carrying a gene that results in the birth of a
thalassemic child has been found in Pakistani families in the United Kingdom (S. Ahmed,
Bekker, Hewison, & Kinsey, 2002).

The most important causes contributing to the high prevalence of consanguineous marriages
in Iran involve cultural and racial characteristics, as well as a lack of knowledge about the
adverse effects of these marriages (Karimzaei et al., 2015).

A study was conducted at Pakistan to assess the knowledge, beliefs, and practices regarding
thalassemia in an urban population, the study's most alarming finding was that most
respondents were unaware of the hereditary nature of disease transmission and the role of
consanguineous marriages in disease transmission (Ebrahim et al., 2019). This is supported
by Ishag et al study from Lahore (Ishag, Abid, Kokab, Akhtar, & Mahmood, 2012).

Poor knowledge was found among college students in Bangladesh, nearly two-thirds
(64.5%) of those who had heard of thalassemia were unaware that thalassemia carriers are
essentially as healthy as non-carriers (M. S. Hossain et al., 2020). A similar lack of awareness
regarding thalassemia carriers has been reported in Saudi Arabia (64%), India (89%) and
Malaysia (79.7%) (Basu, 2015; Olwi, Merdad, & Ramadan, 2018; L. P. Wong, George, &
Tan, 2011).

Despite the fact that many Indonesians claimed to have heard about thalassemia, the majority
of people had little awareness of the disease (Wahidiyat, Yo, Wildani, Triatmono, & Yosia,
2021). Moreover, a study was conducted to assess how patients' and caregivers' (KAP)
affected their quality of life in Thalassemia Major patients in Syria showed that patients'
knowledge and skills about the disease were limited (Abo Jeesh, 2018).

The high-income, high-education, and professional and management sectors of multi-ethnic
population were more aware of thalassemia. This finding suggests that education programs
aimed at raising thalassemia awareness should focus more on low-acculturated communities
(L. P. Wong, George, & Tan, 2011).

2.10.2.2 Attitudes and Practices

A number of studies conducted around the world found that religious convictions were
linked to attitudes toward prenatal diagnosis. In general, factors influencing public
acceptance are determined by cultural, social, and religious factors (Malik, Al-Shafai, &
Abdallah, 2022). On religious beliefs, some Muslim couples, for example, have been
reported to resist prenatal diagnostics (S. Ahmed, Atkin, Hewison, & Green, 2006; Zahed &
Bou-Dames, 1997). Ahmed et al also found that religion has a powerful effect on screening
decisions (N. Ahmed & Chizhevsky, 2007). The most obvious example is Termination of
Pregnancy (TOP) decisions in which couples take into account the Islamic Fatwa. TOP can
be considered before 120 days of gestation, i.e., before ensoulment, and only for severe
conditions (NE, Bakur, Edrees, & Al-Aama, 2017).

When pregnant females in Egypt were properly counseled on religious aspects addressing
Islamic views on prenatal diagnosis and TOP, 100% of females with a thalassemia fetus
chose TOP, demonstrating the importance of taking the region's beliefs into account in
shaping patients' attitudes toward TOP (A. El-Beshlawy et al., 2012).

The recent legalization of abortion in Iran in shariah laws has had a significant impact on
people's attitudes toward prenatal diagnosis and the abortion of affected fetuses
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(Akhlaghpoor, 2006). However, abortion is legal in Palestine, as it is in many other Islamic
countries, if the pregnancy increases the risk to the mother's life or if the fetus exhibits
anomalies that make life after birth incredibly hard; lack of a religious consensus on the
acceptability of abortion one of the main reasons for the refusal to abort a fetus with -
thalassemia in Palestine (Al Sabbah et al., 2017).

In a study of Saudi families with children who had haemoglobinopathies, religious education
had a significant impact on parents' attitudes on seeking prenatal diagnosis and pregnancy
termination (Alkuraya & Kilani, 2001). According to Wong, termination of pregnancy is not
accepted among Asians due to a complex web of moral, cultural, and traditional religious
beliefs of family and community (C. Wong, Antonarakis, Goff, Orkin, Boehm, & Kazazian,
1986).

However, in an Indian study, where 29% of the fetuses were found to have B-thalassemia,
parents chose to terminate the pregnancy regardless of gestational age. This emphasized the
significance of prenatal diagnosis for affected children in developing countries (Agarwal,
Gupta, Gupta, Sarwai, Phadke, & Agarwal, 2003).

Religious beliefs also have a significant impact on service utilization and decision making.
92.7 % of pregnant Palestinians Arab women consider themselves religious, and 40% of that
group does not favor genetic services because they believe counselors will be dismissive of
their religious beliefs (Sharkia, Tarabeia, Zalan, Atamany, Athamna, & Allon-Shalev,
2015).

In addition, social factors such as socioeconomic status, health insurance, and service
accessibility are known to influence the use of genetic counseling services. Several factors,
for example, were associated with the acceptance of prenatal counseling services among
pregnant in occupied Palestine. First, due to the high cost of services, low financial affluence
was associated with service rejection (Malik, Al-Shafai, & Abdallah, 2022).This finding was
replicated in a cohort of Tunisian couples whose service acceptance was influenced by
socioeconomic status (Chaabouni et al., 2001).

Parental awareness of various aspects of B-thalassemia is crucial. Not only for the prevention
of thalassemia major in the family, but also for the effective management of thalassemic
children (Meah, Choudhury, Yeamin, Das, & Sharma, 2021).

The community's literacy level has a positive impact on how parents handle the condition or
use prenatal diagnosis to determine the risk of thalassemia in pregnancy (Ishaq et al., 2012).
According to a study conducted in Rawalpindi, increased maternal education resulted in a
considerable increase in the usage of prenatal diagnostic in pregnant women (Naseem,
Ahmed, & Vahidy, 2008), however, the level of literacy among the participating mothers in
the study conducted in Pakistan in 2010 was low (Ishaqg et al., 2012).

A study of B-thalassemia major patients of Pakistani origin in the United Kingdom
discovered that Pakistani women's attitudes toward prenatal diagnosis and termination of
pregnancy were influenced by a variety of factors, and religion alone should not be
interpreted as a reflection of their attitudes toward abortion (S. Ahmed, Green, & Hewison,
2006). However, in a Palestinian study the mother's educational status had a significant
impact on her decision; all of the mothers who decided to continue with a pregnancy
involving an affected fetus had a very low educational background. In contrast, the mothers
who chose to abort the fetus were more educated than the mothers who chose to carry the
pregnancy to term (Al Sabbah et al., 2017).
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A survey conducted at high school in Southeastern Iran assessing the attitudes towards
thalassemia showed that students' attitudes fluctuate significantly depending on the field of
study. Students who studied in the experimental area possessed the highest knowledge and
a favorable attitude toward thalassemia, Furthermore, the findings revealed that there is a
significant relationship between attitude and ethnicity (Miri-Moghaddam, Motaharitabar,
Erfannia, Dashipour, & Houshvar, 2014).

A study held among college students in Bangladesh, showed worst outcome of this
dangerous combination of lack of knowledge and misperception could be that people
become afraid of being identified as carriers. This was perhaps proven by the fact that 13%
of respondents refused to be screened before marriage (M. S. Hossain et al., 2020).

Many respondents in the study conducted toward Mandatory Premarital Screening Among
University Students in North Jordan held a pessimistic attitude, believing that diagnosing a
family member as a carrier has an impact on other family members' future marriage
opportunities (Alkhaldi, Khatatbeh, Berggren, & Taha, 2016)

A study was conducted among Urban Population showed that despite the lack of
understanding regarding thalassemia individuals' attitudes and practices toward the disease
were generally positive, 97% were willing to donate blood to transfusion-dependent
thalassemia patients, with 23 % having done so previously (Ebrahim et al., 2019). Pauisri et
al., Srivastava et al., and Miri-Moghaddam et al. all come to similar conclusions (Miri-
Moghaddam et al., 2014; Pauisri, Saksiriwuttho, & Ratanasiri, 2011; Srivastava, Sinha,
Behera, Panja, Sarkar, & Rao, 2011).

In addition, Patel et al found that positive family history and previous enrollment in
thalassemia screening had a significant impact on knowledge; indicating that personal
exposure to disease severity and counseling during thalassemia testing were greatly useful
(Patel, Parmar, Patel, Trivedi, & Bhartiya, 2016).

Health education concerning thalassemia awareness and prevention should be implemented
on a much greater scale. People will see the significance of the disease in their daily lives,
thus an awareness program with community participation will be helpful (Basu, 2015). A
study in Greece supports the widely held belief among many in the biomedical community
that education and economic reforms are critical to the success of public health campaigns
such as the thalassemia awareness program (Politis, Richardson, & Yfantopoulos, 1991).

2.11 Management of p-thalassemia
2.11.1 Prevention Strategies

The prevention of B-thalassemia is based on raising public awareness of the disease,
identifying carriers, and providing genetic counseling (Peters, Heijboer, Smiers, &
Giordano, 2012).

In the late 1970s, major at-risk populations in the Mediterranean [Cyprus, Sardinia, certain
sections of Continental Italy (Delta Po area, Sicily), and Greece] began trial population
programs aimed at preventing [-thalassemia major through carrier screening, counseling,
and prenatal diagnosis (Angastiniotis & Hadjiminas, 1981; Cao, Rosatelli, & Galanello,
1996).
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2.11.1.1 Carrier Screening

Screening strategies have varied from premarital to antenatal in different countries,
depending on socio—cultural and religious customs in different populations. Many countries
have ongoing prenatal diagnosis programs, and recognizing the distribution of mutations has
aided in the establishment of successful control programs (Colah, Gorakshakar, & Nadkarni,
2010). The main preventive strategies for thalassemia include appropriate disease
information and the importance of screening through awareness programs, screening and
counseling of target families, screening of the general population, and premarital and
prenatal screening (Asif & Hassan, 2014).

Several procedures have been proposed for B-thalassemia carrier screening. The MCV and
MCH concentration is the most commonly used methodology in the preliminary
identification of individuals at risk of being carriers (L. Y. Li et al., 2012) but because of the
typical increase in HbA2 levels, these carriers may still be clearly diagnosed.

The initial mechanism that determines this phenotype is the presence of heterozygosity for
a fB-thalassemia mutation associated with a significant residual output of B-globin chains
from the afflicted locus (mild thalassemia) or some promoter mutation (C. Kattamis,
Metaxotou-Mavromati, Wood, Nash, & Weatherall, 1979).

2.11.1.2 Premarital Screening

Nowadays, couples before marriage, during preconception, and shortly after marriage are
the primary screening populations (prospective diagnosis). Programs can be classified based
on the timing of testing in relation to pregnancy, which can be either pre-pregnancy or in the
early stages of pregnancy (Cousens, Gaff, Metcalfe, & Delatycki, 2010).

Premarital screening and genetic counselling which is popular in the Middle East because it
is religiously and socially unacceptable to bear children outside of marriage, aims to identify
B-thalassemia carriers among couples planning to marry (Saffi & Howard, 2015). High risk
countries, including Iran, Saudi Arabia, the Palestinian Territories, and Cyprus, have laws in
place that require premarital screening for haemoglobinopathies for all couples
before marriage (Alhamdan, Almazrou, Alswaidi, & Choudhry, 2007; Cousens et al., 2010;
Tarazi et al., 2007). The percentage of young unmarried couples requesting screening is
increasing in both Cyprus and Italy, indicating a continuous improvement in thalassemia
knowledge (Kalokairinou, 2008).

The Palestinian thalassemia prevention program resulted in a 75-80% decrease in the
number of annual B-thalassemia major births, demonstrating the Palestinian prevention
program’'s competitiveness with other prevention programs, such as those implemented in
Cyprus, Greece, Italy, and Iran (Tarazi et al., 2007). The antenatal diagnosis for the fetus
was excluded from the current program structure due to religious restrictions and the
prohibition of abortion in the Palestinian community (Tarazi et al., 2007).

2.11.1.3 Prenatal Diagnosis

Prenatal diagnosis of B-thalassemia is becoming increasingly important in lowering the
incidence of fB-thalassemia. Several attempts have been made to diagnose fetal disease by
analyzing fetal cells in maternal circulation (Simpson & Elias, 1993). Amniocentesis and
Chorionic Villus Sampling (CVS) are the two main procedures used in the Palestinian
territories for prenatal diagnosis of p-thalassemia major (Al Sabbah et al., 2017).
Amniocentesis is performed between 16 and 20 weeks of gestation to diagnose chromosomal
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anomalies, while CVS has the advantage of being performed earlier than amniocentesis
(typically between the 10th and 12th week of gestation), allowing for earlier prenatal
diagnosis (Akhlaghpoor, 2006). Moreover, a first-trimester diagnosis of B-thalassemia gives
affected couples more options, especially in countries where abortion is prohibited due to
religious and cultural restrictions (Ayesh et al., 2005).

2.11.1.4 Education

Intensive education aimed at both health professionals and the general public is a hallmark
of all successful programs in the Mediterranean region (Cao & Kan, 2013). Population
education is carried out through the use of mass media, posters, and informational booklets,
which are distributed at key spots such as family planning clinics, marriage registries, and
counseling rooms. It is critical to emphasize that the carrier state is easily identified at
thalassemia treatment centers and is not associated with stigma, whereas couples who are
both carriers have several reproductive options, including prenatal diagnosis.

According to cost-benefit studies of thalassemia programs, the total cost per case
(thalassemia major) prevented was less than the cost of a single year's treatment for an
individual with the disease (Ostrowsky, Lippman, & Scriver, 1985).

2.11.2 Blood Transfusion

The goal of transfusion therapy in thalassemia is to relieve anemia and reduce ineffective
erythropoiesis, thereby reducing thalassemia complications. Some indices, such as pre- and
post-transfusion Hb, blood unit amount and hematocrit, daily Hb fall, and transfusion
interval, should be recorded at each transfusion to monitor the effectiveness of transfusion
therapy. These measurements allow for the calculation of two important parameters: Red
cell requirements and iron intake (Renzo Galanello & Origa, 2010).

Following presentation, patients should be closely monitored to determine their ability to
maintain Hb above 7 g/dL over a two-week period. When a patient is diagnosed with
thalassemia major and is unable to maintain Hb > 7 g/dL or has poor growth, regular
transfusion is initiated.

A pre-transfusion Hb of 9-10 g/dL would provide adequate extramedullary suppression,
allowing for a reduction in blood consumption and decreased iron absorption from the gut
(Cazzola, Borgna-Pignatti, Locatelli, Ponchio, Beguin, & De Stefano, 1997; Taher, Isma'eel,
& Cappellini, 2006).

Post-transfusion Hb levels should be between 13.5 and 15.5 g/dL. It should be taken at least
one hour after the transfusion has been completed (Liumbruno, Bennardello, Lattanzio,
Piccoli, & Rossetti, 2009).

2.11.3 Chelation Therapy

Since there is no physiologic process to remove excess iron from multiple transfusions,
transfusion-dependent patients develop iron overload (Muncie & Campbell, 2009). Iron
overload should be treated when serum ferritin levels exceed 1000 ng/ml, which occurs after
10 to 20 red cell transfusions, according to experts (Al Haddad, Yassin, & Sirdah, 2012). As
a result, they must begin iron chelator treatment between the ages of five and eight (Fisher,
Brunskill, Doree, Chowdhury, Gooding, & Roberts, 2013).Although this therapy is
relatively nontoxic, it is time-consuming and costly. The Food and Drug Administration of
the United States recently approved oral deferasirox (Exjade) as an alternative treatment (Al
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Haddad, Yassin, & Sirdah, 2012). DFO, DFX, and DFP are the iron chelators that are now
available worldwide (J. Li, Lin, Li, & Zhang, 2019).

2.11.4 Blood and Marrow Stem Cell Transplant

Thomas et al. first demonstrated the correction of this hematopoietic disorder by bone
marrow transplantation in a young patient who had not undergone transfusion (Thomas et
al., 1982).

The Pesaro Group's experience in the 1980s and 1990s was largely responsible for the
development and acceptance of HSCT in thalassemia as a standard clinical procedure
(Hematopoietic Stem Cell Transplantation in Thalassemia). Allogeneic hemopoietic stem
cell transplantation (HSCT) is the only widely used therapy currently available to cure
transfusion-dependent thalassemia major (D Baronciani, 2016).

2.11.5 Splenectomy

Splenectomy is usually avoidable with the current practice of optimal transfusion. Some
patients with hypersplenism, however, may still require splenectomy to reduce transfusion
requirements. Splenectomy can significantly reduce blood consumption (up to 30-50%) and
has a long duration.

Because of the spleen’s role in clearing bacteria and preventing sepsis, surgery is usually
postponed until the child is at least four years old. Patients should receive the pneumococcal
polysaccharide vaccine at least one month before surgery.

2.12 Complications of B-Thalassemia

Thalassemia is regarded as an exhausting, patient-suffering disease due to two factors: the
disease's chronic nature, which necessitates frequent hospital visits, drug availability, drug
side effects, and disease complications, and the disease's impact on patients' quality of life
(QOL) in terms of physical, psychological, emotional, and social aspects (Aljeesh, 2016).

In thalassemic patients, regular blood transfusions and chelating treatment have significantly
increased survival (Mohamed, 2017). Long-term transfusion therapy, on the other hand,
causes iron overload in the tissues, which is the leading cause of morbidity and mortality in
patients who get regular transfusions (K Dumaidi et al., 2015). Excess iron is highly toxic to
all human tissues, causing severe morbidity and mortality in B-thalassemic patients as well
as other iron-overload disorders such as cirrhosis, liver fibrosis, heart disease, and endocrine
problems (Origa, 2017). Moreover, B-thalassemia patients are at a significant risk for getting
viral infections such hepatitis B virus (HBV) and hepatitis C virus (HCV) (Kamal Dumaidi,
2018). According to the Centers for Disease Control and Prevention (CDC), complications
occurred in adult patients with a median age of 31.3 years, an average age of 4.5+8.2 years
at the start of transfusion, and a median length of transfusion of 18.5+12.3 years (Fianza et
al., 2021).

Children, adolescents, and young adults with thalassemia major have a significant rate of
endocrine problems (Karimi, 2018). Iron overload is the most common cause of endocrine
problems in thalassemic patients. Between 40 and 72 percent of thalassemic patients have
hypogonadotropic hypogonadism (HH) (Kurtoglu, Kurtoglu, & Temizkan, 2012).

Furthermore, liver failure due to significant iron overload and/or chronic viral infections is
becoming a more common cause of death (Origa, 2017). Previous research has focused on
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the negative effects of iron overload on liver function, as measured by liver enzyme
activities, and have found that when serum ferritin levels exceed 1000 ng/ml and the number
of transfusions exceeds 30, derangement in liver enzymes occurs in patients with
transfusion-dependent -thalassemia (Suman, 2016).

Hypersplenism can be established by a transfusion volume of 225 to 250 mL/kg per year
with packed red blood cells (hematocrit of 75 %). If the average hematocrit is less than 75%,
the volume calculation should be adjusted (E. Vichinsky & Levine, 2015).

However, thalassemia patients who have been repeatedly transfused, red blood cell
transfusion has significantly reduced mortality and morbidity, this can lead to autoantibodies
and alloantibodies being produced in red blood cells, which can cause major consequences
such a delayed hemolytic transfusion reaction (Yaseen, 2018).

In the previous few decades, the survival rate of Thalassemia major patients has
progressively increased, with only 2% dying before 10 years after diagnosis. Improved
surveillance in some parts of the world, improved treatment of cardiac complications, better
accessibility to blood donors, blood screening for pathogens, treatment of infections, and
treatment with deferoxamine are some of the factors that have an impact on this improving
picture of TM survival (Zamani, 2015). According to the Thalassemia International
Federation, only about 200,000 patients with thalassemia major are alive, registered, and
receiving regular treatment worldwide (Renzo Galanello & Origa, 2010).
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Chapter Three

Study Framework

This chapter presents the conceptual framework for our study, which aims to investigate the
factors associated with the emergence of new cases of B-thalassemia major after 2010 in the
West Bank. The study framework provides a comprehensive understanding of the variables
involved in the study, helping to guide the research design and analysis.

3.1 Theoretical Framework

B-Thalassemia is one of the most common autosomal recessive disorders worldwide with a
carriage rate ranging between 3-4% (Al Sabbah et al., 2017; Darwish, El-Khatib, & Ayesh,
2005) and he prevalence of sickle cell trait in the West Bank is estimated to be 1.2%
(Samarah et al., 2018). Thalassemia requires complex and expensive management and the
expense of preventing thalassemia is cheaper than the expense of treatment.

The main preventive strategies for thalassemia include public awareness and mass education
about the disease, population screening, antenatal screening and counseling, premarital
carrier screening, cascade screening, and student screening (Cao & Kan, 2013; LIPKIN Jr et
al., 1986).

The choice of prevention strategy must be driven by cultural and religious acceptance as
well as other factors. For instance, consanguineous marriages, low literacy rates, and low
socioeconomic status are all common sociodemographic factors in developing countries that
contribute significantly to the continuing emergence of new B-thalassemia major cases.
Moreover, genetic factors, such as a mutation in the promoter region of $-globin gene or the
locus control region (LCR), result in no detectable increase in HbA2 levels and near-normal
CBC findings. These mutations have the tendency to give false negative results, making p-
thalassemia carriers difficult to identify. Understanding these factors is important to
understand how to further prevent thalassemia. The theoretical framework of our study is
shown in Figure 3.1.
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Figure (3.1): Prevention strategies for thalassemia. (Source: (Yousuf, Akter, Wasek, Sinha,
Ahmad, & Haque, 2022)).

3.2 Conceptual Framework and Study Variables

The conceptual framework of our study is illustrated in Figure (3.2), and represent the
connections and dependencies between these variables, providing a roadmap for the study's
research objectives. The key variables that will be examined in the study are defined in Table
3.1

Thalassemia is a genetic disease that poses a significant public health concern, especially in
developing nations. Efforts have been made in Palestine by organizations like the
Thalassemia Patient's Friend Society (TPFS) and the Ministry of Health (MOH) to prevent
new cases through pre-marriage laws and educational programs. The aim of this study is to
evaluate the levels of knowledge, attitudes, and practices (KAP) among parents of
thalassemia patients and identify factors contributing to the emergence of new cases, over
ten years after the implementation of the law.

Sociodemographic Factors including education level, occupation, socioeconomic status,
consanguinity, family history, and age at marriage. For instance, younger couples tend to
marry without awareness of the chronicity of inherited diseases, while older couples tend to
be more mature and informed when making decisions. On the other hand, consanguineous
marriages, which are common in the Arab world, pose a risk for genetic diseases due to the
inheritance of genetic material from common ancestors.

Awareness regarding Thalassemia: the knowledge of the parents about thalassemia reflects
the understanding of the disease and might alter their beliefs, cultural perceptions, and
healthcare-seeking behaviors. Lack of knowledge, limited access to health facilities, and
cultural and psychological issues can hinder the effectivity of prevention programs.
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Figure (3.2): Conceptual framework of the study.

Attitudes towards Thalassemia: The attitude of an individual is primarily determined by
social, cultural, and religious factors, particularly in traditional societies and rural areas.
Sociocultural factors influence how people respond to and conduct in various situations,
contexts, brands, and policies. Awareness and attitude towards diagnostic practices depend
on the level of education and awareness among disease-affected families. Adequate public
knowledge and awareness, along with a positive social attitude, are important in combating
the spread of thalassemia. Religious beliefs, such as those in Islam, should not be blamed for
the treatment of chronic illnesses like thalassemia. Parental practices, such as prenatal
diagnosis and promoting premarital testing, can play a significant role in preventing the
emergence of thalassemia.

Genetic Factors: including the genetic factors associated with the emergence of [-
thalassemia major cases such as Mutations in the promoter region of the B-globin gene or
the locus control region (LCR) which can produce false negative results and pose challenges
in identifying thalassemia carriers.
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Chapter Four

Methodology

This chapter provides a comprehensive overview of our research methodology, including the
study design, setting, population, data collection methods, laboratory procedures, data analysis,
and ethical considerations.

In this work, we conducted a cross-sectional case-series study that included B-thalassemia
patients who were born in or after 2010 and their parents throughout the West Bank. The main
goal was to determine factors associated with the continuing emergence of thalassemia in
Palestine after the implementation of the obligatory premarital screening program.
Furthermore, we assessed the knowledge, attitudes, and practices of parents towards
thalassemia.

4.1 Study Design

This cross-sectional case-series study included all patients diagnosed with B-thalassemia born
after 2010 in the West Bank and their parents. Patients with a confirmed diagnosis of f-
thalassemia who were born after 2010 were identified and recruited through the Thalassemia
Patients' Friends Society (TPFS). A total of 77 patients that met the inclusion criteria were
identified through the TPFS. The study included 69 children from 62 families who accepted to
participate in the study.

Our investigation was carried out on two levels. The first one included the utilization of a
questionnaire that collected data regarding the characteristics and history of patients, and
parents. The second level of investigation utilized laboratory testing for the affected children
and their parents to screen and diagnose thalassemia.

4.2 Study Setting

Patients with B-thalassemia major born after 2010 in the West Bank and their parents were
identified through the TPFS. The TPFS is a non-profit Palestinian civil society organization
founded in 1996 by a group of patients and their families, with a related authority within the
Palestinian Ministry of Health. The TPFS provides various services for all Palestinian
thalassemia patients and strives to improve their quality of life and well-being. The TPFS has
complete records of thalassemia patients in the West Bank and Gaza Strip.

Thalassemia daycare units located in governmental hospitals manage patients under the
direction of the medical staff for the stipulation of regular, screened blood transfusions, viral
markers, screening, baseline investigations, iron chelation therapy, and other medications.
Patients in this study were recruited through thalassemia daycare units in seven governmental
hospitals, which included Al-Watani Hospital in Nablus, Darwish Nazzal Hospital in Qalqiliya,
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Thabit Thabit Hospital in Tulkarem, Khaleel Sulaiman Hospital in Jenin, Palestine Medical
Complex in Ramallah, Beit Jala Governmental Hospital in Bethlehem, and Alia Governmental
Hospital in Hebron.

4.3 Study Population

We identified 77 patients who met the inclusion criteria, which included being a thalassemia
patient born in or after 2010 in the West Bank. Out of these, the guardians of eight patients
refused to participate in the study. In addition, for the other 69 children, one family left without
completing the interview, two fathers refused to fill out the Paternal KAP Questionnaire, two
fathers were unreachable due to the divorce between parents, and two fathers were deceased.

4.4 Data Collection

Data collection took place between August and November of 2022. Trained field workers were
responsible for data collection under the supervision of the researchers. Field workers consisted
of employees and volunteers from the TPFS, whose services are already utilized in thalassemia
care facilities. Field workers were properly instructed on how to approach the participants,
obtain consent, and fill the questionnaires. Blood samples were collected by the healthcare staff
(nurses or laboratory technicians) at the thalassemia daycare units.

Once a patient and his/her accompanying parent arrived at the daycare unit, a trained field
worker explained the study’s goals and objectives to the patient’s parent and asked for consent
to participate in the study. Parents of selected children were asked to sign a written consent
form (Appendix 4.1). Then, an interview-based questionnaire was completed by the field
worker, and blood samples were collected by the attending medical staff at the unit (nurse or
lab technician).

4.5 Study Tools

The data used in this study were collected through several methods. First, we utilized a
comprehensive questionnaire to collect sociodemographic, medical, and background
information about thalassemic children born after 2010 and their families. Second, we used the
medical files of the patient to collect data regarding the medical characteristics of thalassemia
patients. Third, we collected blood samples from the children and their parents to perform a
complete blood count (CBC) and hemoglobin electrophoresis.

4.5.1 Study Questionnaire

An interview-based questionnaire specifically developed for the goal of this study based on an
extensive review of the literature was utilized. The questionnaire was completed through an
interview conducted by trained field workers to ensure the collected data's consistency and
quality.

The questionnaire consisted of three parts. The first part was divided into two sections, the first
one focused on familial sociodemographic characteristics including place of residence, type of
residence, household monthly income, type of locality, consanguinity among parents, children
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affected with thalassemia, and date of marriage. The second section focused on the background
characteristics of the parents (fathers and mothers) including age, age at marriage, current
educational level, educational level at marriage, premarital screening and screening results,
reasons for not screening if screening was not performed, family history of thalassemia and
sickle cell anemia, knowledge about thalassemia before the first child was diagnosed with
thalassemia and receiving genetic counseling.

The second part focused on the demographic and medical information of each thalassemic child
born after 2010 in the family. After obtaining parental consent, medical information was
collected from parents via questionnaire. The third part assessed the knowledge, attitudes, and
practices (KAP) of parents (mothers and fathers). The knowledge about thalassemia and
thalassemia prevention was assessed using a nine-point scale (yes/no). The attitudes were
divided into three categories: attitudes towards thalassemia (11 items), attitudes towards
prenatal diagnosis (4 items), and attitudes towards pregnancy termination (5 items). The items
were assessed on a 5-level Likert scale ranging from strongly agree to strongly disagree. The
practices were assessed using a five-point scale (yes/no).

The questionnaire was developed in English (Appendix 4.2) and then translated into Arabic
(Appendix 4.3). The translation was validated by the forward-backward method and reviewed
by a panel of experts. A panel consisting of three reviewers determined the face and content
validity of the questionnaire. Based on the recommendations of the panel, minor changes were
made to the questionnaire. Furthermore, the KAP Questionnaire was established based on
previously validated questionnaires (Naseem Ahmed, Khan, Bukhari, Khan, Sabir, & Nazir,
2020; Ebrahim et al., 2019). The reliability of the KAP Questionnaire was further established
through a pilot study (n=15). The questionnaire was distributed to random subjects from
different backgrounds (students at the university, parents, and healthcare staff at the thalassemia
daycare units). Amendments to the questionnaire were made based on the findings of the pilot
study.

4.5.2 Blood Samples

This study involved a total of 69 patients from 62 families, with 7 of these families having two
siblings. Two of the 62 families refused to provide blood samples for their children and one
accompanying parent refused to provide blood sample. In addition, one family provided
samples for both parents. Among parents these, 9 fathers and 53 mothers provided blood
samples for analysis. The total number of collected samples from children was 67 and from
parents was 62. To determine the carrier status of the parents, complete blood count (CBC) and
hemoglobin electrophoresis were performed.

From each participant (child or parent), three EDTA tubes (purple top) were obtained. The first
sample was promptly processed at the Ministry of Health (MOH) laboratories to obtain a
complete blood count. The other two samples were refrigerated at 4°C until transportation and
processing. One of the remaining samples was transported to the nearest Medicare lab branch
for hemoglobin electrophoresis. The last sample was transported to the molecular laboratory at
the Medical Laboratory Department in Al-Quds University for DNA purification within 48
hours of collection.
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4.6 Laboratory Testing
4.6.1 Complete Blood Count (CBC)

EDTA blood samples were obtained from patients and their accompanying parents to perform
a complete blood count (CBC) as a screening test for thalassemia at MOH laboratories. An
electronic counter (Nihon Kohden cell counter MEK 9100) (Nihon Kohden-Japan), was used
to perform the CBC. CBC indices included white blood cell count (WBC), red blood cell count
(RBC), platelet count (PLT), hemoglobin (Hb), hematocrit (HCT), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), and red cell distribution width (RDW). Table 4.1 presents the normal ranges of CBC
indices based on manufacturer Kkit.

Table (4.1): Normal ranges of CBC indices based on manufacturer Kit.

Indicator Unit Children Females Males
Hemoglobin g/dL 95-14 12- 16 14- 18
Hematocrit % 29 - 44 37- 47 42 -52
RBC 105/ uL 3.9-52 42-5.2 47-6.1
RDW % 11.5-14.5 11.5-14.5 11.5-145
MCV fL 74 -84 76- 99 81- 95
MCH Pg 24 — 28 27-31 27-31
MCHC g/L 31-35 32-36 32-36
WBC 103/ uL 618 4,5-10 4.5-10
Platelets 103/ uL 150 — 400 150-400 150-400

4.6.2 Hemoglobin Electrophoresis

One of the collected samples from children and parents was sent to conduct the identification
of hemoglobin (Hb) variants using high-performance liquid chromatography (HPLC)
technology. In this method, different hemoglobin variants, including hemoglobin A, A2, F, C,
S, and many more variants, are identified based on the retention time (measured in seconds),
the peak size, and the shape. Hb electrophoresis was performed using Adams HA-8180
analyzer, a fully automated analyzer from Arkray Company (Arkray 80A Kit- Japan), coupled
with quality control (QC) materials made specifically for the system. Each patient received a
separate report with the specific hemoglobin fractions and kinds. Table (4.2) shows the
reference ranges for the various hemoglobin types within the physiological parameters of

normal individuals based on manufacturer kit.

Table (4.2) Normal ranges for Hemoglobin electrophoresis results

Hemoglobin Type Range (%)
Hemoglobin A >95
Hemoglobin A2 <3.5
Hemoglobin F <2
Hemoglobin S 0
Hemoglobin C 0
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4.6.3 DNA Extraction for Molecular Analysis

In this study, we hypothesized that a mutation in the promoter region of the 3-globin gene or
the locus control region (LCR) would not result in an increase in HbA2 levels and would
produce CBC results that were close to normal. Therefore, we collected peripheral venous blood
samples from patients and their accompanying parents to extract genomic DNA for molecular
testing. Genomic DNA was extracted with the use of the Gentra Puregene Blood kit (QIAGEN)
according to manufacturer instructions. The DNA concentration and purity of each sample were
measured by measuring the optical density (OD) at 260 and 280 nm with a Nanodrop
spectrophotometer.

Based on the results of the screening tests (CBC and Hb electrophoresis), parents with normal
findings (MCV > 80, HbA2 < 3.5) had to be referred for molecular testing. However, the
hematological results revealed that among the tested parents, only there had normal MCV
(MCV > 80). These three parents had children with sickle cell thalassemia. Hence, molecular
testing was not carried out.

4.7 Ethical Considerations

The Research Ethical Committee (REC) at Al-Quds University, as well as the Palestinian
Ministry of Health (MOH), granted approval for this study. Each patient was given a code to
ensure confidentiality. The parents' written consent was also obtained. In addition, participants
were assured that participation was entirely voluntary, and they could leave the study at any
time without repercussions.

4.8 Statistical Analysis

The data were manually coded, cleaned, and analyzed using Statistical Package for the Social
Sciences (SPSS version 23.0).

Governorates were categorized into three regions: Nablus, Tulkarem, Jenin, and Qalgiliya were
categorized as the North of West Bank, while Ramallah and Jerusalem were categorized as the
Middle of West Bank and Bethlehem and Hebron were categorized as the South region of the
West Bank.

Families were categorized according to their reported monthly income into low-income,
middle-income, and high-income. We used the classification provided by the Ministry of
Finance in 2023 to define the cut-off points for income level. The ministry's categorization
divided annual income into three groups: the first group consisted of families with annual
income <75,000 New Israeli Shekels (NIS), the second group encompassed those with annual
income between 75,001 and 150,000 NIS, and the third group included families with income
>150,000 NIS (PIPA, 2023).

Educational level was grouped into three levels: primary level or less which consists of
illiterate, can read and write, and elementary; the secondary level consists of the secondary and
associated diploma; and the third level was bachelor's degree or more, which stands for bachelor
and graduate studies such as Master and PhD. In Palestine's compulsory basic education system,
grades 1-10 are divided into two stages: the preparatory stage (grades 1-4) as the first level of
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elementary education, the stage of preparation; the second stage of Basic Education (grades 5-
9) as the empowerment stage. Secondary Education (Acquisition) encompasses grades 10 to 12
and their respective academic, vocational, and technical tracks. Tertiary education consists of
universities and technical colleges, all of which offer predominantly four-year or longer
programs (Sabbah, 2020).

Based on the place of birth, parents were divided into two groups; those who were born in
Palestine and those who were born in other countries. Other countries included Jordan, Kuwait,
and Saudi Arabia.

KAP scores were computed by adding up each section's corresponding statement. Each
statement with an opposite answer, such as when the correct response was (NO) or (strongly
disagree), was re-coded according to the correct scale. Based on the examined literature, a
modified Bloom's cut-off value of 75% was utilized to categorize participants. Knowledge,
attitudes, and practices scores into two categories: poor/negative and good/positive. This
threshold value was also derived from previously reported research (Wahidiyat et al., 2021).

Concerning knowledge, for each question, a correct response was given a score of one, and an
incorrect response was scored as zero, with a total possible score of 0-9, with higher scores
indicating better knowledge. Study population with scores of 6 (75%) and above were
considered as having "adequate knowledge,” and scores below 75% were interpreted as
"inadequate knowledge".

For the attitude component, a total score was calculated based on responses to sentences on a
five-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 =
strongly agree). A total of three aspects of attitudes were measured: attitudes toward thalassemia
with an 11-item scale, attitudes toward prenatal diagnosis with a 4-item scale, and attitudes
toward abortion with a 5-item scale. Regarding practice, a total score based on responses to
statements was calculated, a positive response "yes" received 1, and a negative response "no"
received 0 points.

Descriptive statistics were performed and the means and standard deviations (SD), median and
interquartile range) (IQR), and ranges were calculated for continuous variables and frequencies
and percentages were reported for categorical variables.

Associations between sociodemographic characteristics and parental knowledge, attitudes, and
practices were assessed. Discrete variables were compared using chi-square test, and
continuous variables were analyzed using the independent sample t-test or one-way analysis of
variance (ANOVA) as appropriate. A two-sided p-value < 0.05 was considered statistically
significant. In addition, Pearson correlation coefficient was calculated to assess the strength and
direction of the relationship between two continuous variables.
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Chapter Five

Results

This chapter presents the findings of this study that aimed at identifying the factors contributing
to the ongoing emergence of -thalassemia major in Palestine, even after the implementation
of mandatory premarital testing. These factors may be associated with the implemented
screening strategies, socioeconomic and cultural aspects, and the knowledge and attitudes
towards thalassemia.

To achieve our objectives, we conducted a case series and cross-sectional study that included
all new cases of thalassemia major in the West Bank born after 2010. Data were collected using
a specifically designed questionnaire, which consisted of three sections. The first section
included information focused on familial characteristics and history such as the parental current
level of education, occupation, type of locality, and housing. Additionally, information
regarding the date of marriage, age at marriage, premarital education, premarital screening
testing, prenatal screening during pregnancy, and family history of thalassemia were collected.
The second section focused on capturing information on sociodemographic and medical
characteristics of the patients, obtained from the parents and medical records. Furthermore, the
knowledge, attitudes, and practices (KAP) of parents were assessed through self-administered
questionnaires filled out by the parents. In addition, we collected blood samples from the
children and accompanying parents for hematological assessment.

5.1 Baseline Sociodemographic and Clinical Characteristics of Thalassemia Patients Born
In/After 2010

The characteristics of the thalassemia patients who participated in this study are described in
Table (5.1). A total of 69 thalassemia patients from 62 families were included in this study.
However, two families refused to provide blood samples. Among the patients, 33 (47.8 %) were
males and 36 (52.2%) were females. The patients' mean age (xstandard deviation) at
recruitment was 7.8+3.3 years ranging between 0-13 years. Children between 0-4 years old
accounted for 21.8% of the patients (n=15) and 42% of the children were at least 10 years old
(n=29). The majority of children (n=25; 36.2%) were recruited from Al-Watani Hospital. The
rest of the patients were recruited from Alia Governmental Hospital (14.6%; n=10), Jenin
Governmental Hospital (14.6%; n=10), Palestine Medical Complex (PMC) (13.0%; n=9),
Darwish Nazzal Hospital (10.1%; n=7), Martyr Thabit Thabit Hospital (10.1%; n=7), and one
patient had his treatment at Beit Jala Hospital (1.4%). Moreover, among the patients, 37.7%
were the youngest among their siblings.

Table (5.1) also presents the clinical characteristics of the study participants. B-thalassemia
major accounted for 63.8% of the cases (n=44), followed by sickle cell thalassemia (21.7%;
n=15), B-thalassemia intermedia (11.6%; n=8), and hemoglobin SC disease (2.9%; n=2). The
mean age at diagnosis was 14.5+18.7 months with a median (IQR) of 7.5 (3.0 - 14.7) ranging
between 0-96 months. The most prevalent ABO-RhD blood types among patients were O+
(30.4%; n=21), A+ (29%; n=20), and B+ (15.9%; n=11).
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Our results revealed that 8.7% (n=6) of the patients had undergone splenectomy, and one patient
had a bone marrow transplantation (1.4%). Most patients (92.8%; n=64) had received blood
transfusions, with a mean age at the first transfusion of 14.3+15.4 months with a median (IQR)
of 8.0 (4.5-18.0) ranging between 1-72 months. Most patients (66.7%; n=46) received
transfusions at least once every 1 to 4 weeks. Additionally, 8.7% of the mothers had undergone
chorionic villus sampling (CVS) during their pregnancies.

Table (5.1): Demographic and clinical characteristics of thalassemia cases born in/after 2010.

. Frequency
Variable Category n (%)
Mean = SD 7.8+£3.3
Age at recruitment (months) Median (IQR) 9.0 (5.0-10.5)
Range (0.0-13.0)
0-4 15 (21.8)
Age (Categorical) (years) 5-9 25 (36.2)
10-13 29 (42.0)
Male 33 (47.8)
Gender Female 36 (52.2)
Alia Governmental Hospital 10 (14.6)
Beit Jala Governmental Hospital 1(1.4)
Palestine Medical Complex (PMC) 9 (13.0)
Treatment care unit Jenin Governmental Hospital 10 (14.6)
Darweesh Nazzal Hospital 7(10.1)
Al-Watani Hospital 25 (36.2)
Thabit Thabit Hospital 7(10.1)
Eldest 17 (24.6)
Order among siblings Youngest 26 (37.7)
Other 26 (37.7)
B-thalassemia major 44 (63.8)
. . . B-thalassemia intermedia 8 (11.6)
Medical diagnosis Sickle cell thalassemia 15 (21.7)
Hemoglobin SC disease 2 (2.9
Mean + SD 14.5+£18.7
Age at diagnosis (months) Median (IQR) 7.5 (3.0-14.7)
Range (0-96)
A+ 20 (29.0)
A- 3(4.3)
B+ 11 (15.9)
B- 1(1.4)
Blood type AB+ 4(58)
O+ 21 (30.4)
0- 5(7.2)
Unknown 4 (5.8)
. Yes 1(1.4)
Bone marrow transplantation No 68 (95.6)
Yes 6 (8.7)
Splenectomy No 63 (91.3)
. . Ever 64 (92.8)
Treatment with blood transfusion Never 5(7.2)
Mean = SD 14.3£154
Age at 1st transfusion (months) Median (IQR) 8 (4.5-18)
Range (1-72)
Not transfused 5(7.3)
Frequency of blood transfusion (weeks) Irregular 11 (15.9)
1-4 7(10.2)
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>5 weeks 46 (66.7)

Yes 6 (8.7)
Undergoing CVS during pregnhancy No 61 (88.4)

Don't know 2(2.9)

Regarding hematologic findings, the majority of patients had low red blood cell (RBC) counts,
low levels of hemoglobin (Hb), and low hematocrit (HCT). The mean values for these
parameters were within the expected range for thalassemia patients. Most of the patients
(80.6%; n=54) had a low count of RBCs with a mean of 3.4+0.7 x10%/uL ranging from 1.9-5.3
x10%/uL. Additionally, 94% of the patients (n=63) had a low level of Hb with a mean Hb of
8.3+1.1g/dL ranging between (6.4-11.7) g/dL and 88.1% (n=59) had a low HCT levelt with a
mean of 25.7+3.8% ranging between 18.3-35.8%.

The results showed also that 43.3% (n=29) of patients had low mean corpuscular volume
(MCV) with an overall mean of 76.8+12 fL ranging between (50.3-108) fL. On the other hand,
mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration
(MCHC) were within the normal range for the majority of patients and the red cell distribution
width coefficient of variation (RDW.CV) was elevated in most patients (80.6%).

Table (5.2) presents the results of hemoglobin electrophoresis, showing the levels of HbA2,
HbA, Hb F, Hb S, and Hb C among the patients. The majority of patients had low levels of
HbA (89.6%; n=60) and elevated levels of Hb F (91.0%; n=61). A small proportion of patients
had elevated levels of Hb S (25.4%; n=17) and Hb C (3.0%; n=2).

Table (5.2): CBC and hemoglobin electrophoresis profiles of thalassemia patients born in/after
2010.

Frequency
Parameter (n=67) Mean = SD | Median (IQR) Range
N (%)
Low (<4.5) 4 (5.9)
x\ﬁ?o (10% Normal (4.5-15) 57 (85.1) 9.245.3 8.2 (6-10.7) (2.9-37.7)
High (>15) 6(9)
Low (<4) 54 (80.6)
RBC (10% uL) | Normal (4-5.2) 12 (17.9) 3.4+0.7 34 (2.7-3.9) (1.9-5.3)
High (>5.2) 1(1.5)
Low (<10.3) 63 (94)
Hb (g/dL) Normal (10.3- 8.3+1.1 8.1(7.4-9.2) (6.4-11.7)
14.9) 4 (6.0)
HCT (%) h%‘:"é:ﬁé? m = ((181%1)) 257438 | 255(227-286) | (18.3-35.8)
Low (<80) 42 (62.7)
MCV (fL) High (>80) 25 (37.3) 76.8+12.0 77.7 (68.4-82) (50.3- 108)
Low (<24) 24 (35.8)
MCH (pg) Normal (24-28) 30 (44.8) 25.0+4.4 | 25.5(21.7-27.6) | (15.2-35.8)
High (>28) 13 (19.49)
Low (<31) 10 (14.9)
MCHC (g/dL) [ Normal (31-35) 54 (80.6) 32.6+1.6 32.7(31.5-33.9) (28-36)
High (>35) 3(4.5)
Normal (11.0- 13 (19.4)
RDW.CV (%) [ 14.5) ' 21.3+7.1 19.1(16.2-26.8) | 31.6(12.1-43.7)
High (>14.5) 54 (80.6)
PLT Low (<150) 2(3.0) 465.24223.5 | 428(332.5-549) (96-1375)
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(10%/uL) Normal (150-400) 29 (43.3)

High (>400) 36 (53.7)
HbA2 (%) }legr?é';is) gg Egig 3.540.91 3.2 (3-4) (2.2-6.6)
HbA (%) 'I:I‘(’)"Izn(;g("’z)g 5 670 ((180?46)) 67.9+31.2 | 84.5(46-90.5) (0-96.5)
HbF (%) NorT;'gfé)z) 6? 8102)) 1274111 | 9.3 (5.1-17.6) (0.5-51)
HbS (%) Ef;]n?i (05(1))1) ig gg:i; 14.2425.9 0 (0-17.3) (0-89.2)
HbC (%) Ef;n?iéslgl) 25(égg)) 1.4+8.18 0 (0-0) (0-48.3)

WBC= White Blood Cells, RBC= Red Blood Cell, Hb= Hemoglobin, MCV= Mean cell
Volume, MCH= Mean Cell Hemoglobin, MCHC= Mean Cell Hemoglobin Concentration,
RDW= Red Cell Distribution Width. Co- efficient variations, Plt= Platelets

5.2 Sociodemographic Characteristics and Family History of the Parents of Thalassemia
Patients Born in/after 2010

This study included 69 thalassemia patients from 62 families. Table (5.3) provides information
regarding the characteristics of the families of children born with thalassemia in/after 2010.

The majority of families (74.2%; n=46) were from the northern region of the West Bank,
particularly Nablus Governorate (35.5%; n=22), and most of them lived in rural areas (59.7%;
n=37). The average monthly income of the families was 3037.9+1614.7 NIS, with the majority
(88.7%; n=55) falling in the middle-income level of 2000-6000 NIS. Additionally, 88.7%
(n=55) of the families were homeowners.

Consanguinity was found in 69.4% (n=43) of the participating families, with 79.0% (n=34) of
these marriages being among first-degree relatives (first cousins). The majority of marriages
(71.0%; n=44) occurred before 2010. The average family size was 6.2+1.8 members, with a
range of 3-11 members. Among families married before 2010, 40.9% (n=18) had thalassemic
children who were born prior to 2010. The mean number of thalassemia carriers among children
in the families was 1.3+1.3 children, with half of the families (n=31) having one to two carriers,
27.4% having none, and 11.3% having three or more children with thalassemia minor. It is
worth mentioning that (11.3%; n=7) of the families reported not knowing if they had carriers
of thalassemia among their children. Moreover, 19.4% (n=12) of the mothers reported a history
of abortion due to a thalassemic infant.

Table (5.3): Sociodemographic characteristics and medical history of families of thalassemia
patients born in 2010 and after in the West Bank.

. Frequency

Variable Category N (%)
Ramallah 5(8.1)

Jenin 10 (16.1)

Qalgilya 7(11.3)

Governorate Nablus 22 (35.5)
Bethlehem 1(1.6)

Hebron 10 (16.1)

Tulkarem 7(11.3)

Region North 46 (74.2)
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Middle 5(8.1)
South 11 (17.7)
Rural 37 (59.7)
Type of locality Urban 17 (27.4)
Camp 8 (12.9)
Mean £ SD 3037.9+1614.7
Household monthly income (NIS) Median (IQR) 2500 (2000-3250)
Range (1000-11000)
Low income (<2000) 5(8.1)
Household monthly income (NIS) (Categorical) Middle income (2000-6000) 55 (88.7)
High income (>6000) 2 (3.2
. Rental 7(11.3)
Type of residence owned 55 (88.7)
Consanguinity Yes 43 (69.4)
No 19 (30.6)
First degree relatives 34 (54.8)
Degree of consanguinity Same family 9 (14.5)
Not related spouses 19 (30.7)
Date of marriage Before 2010 44 (71.0)
After 2010 18 (29.0)
Yes 18 (29.0)
Thalassemia children been born before 2010 No 26 (41.9)
Married after 2010 18 (29.0)
Mean + SD 1.3+1.3
Number of thalassemia carriers among children Median (IQR) 1(0-2)
Range (0-5)
None 17 (27.4)
. . . . 1-2 31 (50.0)
Number of thalassemia carriers among children (categorical) 3and more 7 (11.3)
Unknown 7(11.3)
. . . Yes 12 (19.4)
History of abortion due to thalassemia No 50 (80.6)
Mean + SD 6.2+1.8
Family size Median (IQR) 6 (5-7)
Range (3-11)

Table (5.4) provides a detailed profile of the parents, including their current and premarital
sociodemographic characteristics, premarital testing for thalassemia, and family history of
thalassemia and sickle cell anemia. The fathers had a mean age of 43.2+7.5 years at the time of
the survey and a mean age of 25.4+5.3 years at marriage, while the mothers had a mean age at
the time of the survey of 37.6+7.1 years and a mean age at marriage of 19.5£3.5 years. The
majority of parents (85.5%; n=106) were born in Palestine, with a small percentage (14.5%;
n=18) being born in Jordan and other countries such as Kuwait and Saudi Arabia.

In terms of educational level, 88.7% of the fathers (n=55) had secondary education or less,
while only 11.3% (n=7) had a bachelor's degree or higher. Among mothers, 77.4% (n=48) had
secondary education or less, and 22.6% (n=14) had a bachelor's degree or higher. There was no
change in the premarital and current educational levels of the parents, except for one mother
who obtained a bachelor's degree after marriage.

Only 35.5% of the parents reported having prior knowledge about the disease before their first
child was affected. Relatives were the most common source of information for both fathers and
mothers, followed by the educational system. A small proportion of parents (9.7% of fathers
and 11.3% of mothers) reported receiving genetic counseling.
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Family history of thalassemia major, thalassemia trait, and sickle cell anemia were also assessed
among parents (Table 5.4). Among fathers, 19.3% (n=12) had a family history of thalassemia,
56.4% (n=35) had a family history of thalassemia trait, and 9.7% (n=6) had a family history of
sickle cell anemia. For mothers, the percentages were 16.1%, 50.0%, and 4.9% for thalassemia,
thalassemia trait, and sickle cell anemia, respectively.

Table (5.4): Background characteristics and family history of the parents of thalassemia patients

born in 2010 or after.

Variable Category Frft(ﬂ/‘f);s Mﬁ;gﬁ; S Onvfo;f)l !
Mean + SD 43.2+7.5 37.6+7.1 | 40.4+7.7
Age Median (IQR) 44 (36.5-47) 324(%' 40 (34-47)
Range (29-60) (24-50) (24-60)
Mean + SD 25.445.3 195435 | 22.4+54
Age at Marriage Median (IQR) 24 (21-29) | 19 (17-22) | 21 (19-26)
Range (16-43) (14-33) (14-43)
. Palestine 54 (87.1) 52 (83.9) | 106 (85.5)
Place of Birth Jordan and others 8(12.9) | 10(16.1) | 18 (14.5)
Primary education or less 21 (33.9) 18 (29.0) | 39(31.5)
Current educational level Secondary education 34 (54.8) 30 (48.4) | 64 (51.6)
Bachelor and more 7(11.3) 14 (22.6) | 21(16.9)
Educational level at Primary educatioq or less 21 (33.9) 18 (29.0) | 39(31.5)
marriage Secondary education 34 (54.8) 31(50.0) | 65(52.4)
Bachelor and more 7(11.3) 13 (21.0) | 20(16.1)
Knowledge about Yes 22 (35.5) 22 (35.5) | 44 (35.5)
thalassemia before the birth
of the first thalassemic child No 40 (64.5) 40(64.5) | 80(64.5)
Educational systems 8 (12.9) 10 (16.2) | 18(14.6)
Awareness sessions 1(1.6) 1(1.6) 2(1.6)
ﬁ}‘;‘f;ﬁggg”owmdge about e latives 11(17.7) | 9(145) | 20(16.1)
Others 2(3.2) 2(3.2 4 (3.2)
Unknowledgeable 40 (64.6) 40 (64.5) | 80 (64.5)
Have you ever received Yes 6(.7) 7(113) 13 (10.5)
genetic counseling? No 48 (77.4) | 49(79.0) | 97(78.2)
' Don't know 8 (12.9) 6 (9.7) 14 (11.3)
I Yes 12 (19.3) 10 (16.1) | 22 (17.7)
;aaT;;)s/emgory of No 43 (69.4) | 48(77.4) | 91(73.4)
Don't know 7 (11.3) 4 (6.5) 11 (8.9)
oo Yes 35 (56.4) 31 (50.0) | 66 (53.3)
fhaaTJs'Zem??{éi?f No 15(24.2) | 22(355) | 37(29.8)
Don't know 12 (19.4) 9 (14.5) 21 (16.9)
Yes 6 (9.7) 3(4.9) 9(7.3)
Family history of SCA No 46 (74.2) 50 (80.6) | 96 (77.4)
Don't know 10 (16.1) 9(14.5 19 (15.3)

SCA-= Sickle Cell Anemia
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5.3 Premarital Thalassemia Screening and Hematological Findings among Parents of
Thalassemia Patients Born In/After 2010

In this study, we collected information from fathers and mothers regarding their premarital
screening tests and obtained blood samples from 9 fathers and 53 mothers from 61 families
representing 68 children to perform CBC and hemoglobin electrophoresis for determining their
carrier status. Only one parent refused to provide a blood sample, and in one family, both
parents provided samples. The history of premarital screening among parents of B-thalassemia
patients born in 2010 or after is presented in Table (5.5).

Based on the information obtained from the parents, 56.5% (n=70) of the parents had undergone
premarital screening for thalassemia (58.1% of the fathers and 54.8% of the mothers). Among
the parents who underwent premarital screening, 55.5% of the fathers and 20.5% of the mothers
self-reported being diagnosed as thalassemia carriers, resulting in an overall recognition of
38.5% of parents as carriers before their marriages.

Among parents who did not undergo premarital screening, the most commonly reported reasons
for not undergoing premarital screening among fathers were that the test was not obligatory
(50.0%), the test was unavailable (26.9%), or they were unaware of the test before marriage
(19.2%). For mothers, the primary reasons were similar: the test was not obligatory (42.8%),
unavailable (25.0%), or they were unaware of the test before marriage (17.8%).

Table (5.5): Self-reported premarital screening among parent; results and barriers.

Variable Category Fathers Mothers Overall
N (%) N (%) N (%)
Have you undergone screening Yes 36 (58.1) 34 (54.8) 70 (56.5)
before getting married? No 26 (41.9) 28 (45.2) 54 (43.5)
Carrier 20 (32.3) 7(11.3) 27 (21.8)
Result of premarital screening test | Non carrier 16 (25.8) 27 (43.5) 43 (34.7)
Not tested 26 (41.9) 28 (45.2) 54 (43.5)
Test was not obligatory 13 (21) 12 (19.3) 25 (20.1)
Test was unavailable 7(11.3) 7(11.3) 14 (11.3)
Reason for not getting screened Didn’t know about the test 5(8.1) 5(8.1) 10 (8.1)
Other reasons 1(1.6) 4 (6.5) 5 (4.0)
Tested 36 (58.1) 34 (54.8) 70 (56.5)

5.3.1. Factors associated with screening criteria

Comparing between couples who married before 2010 with those who married in/after 2010,
we have found that the proportion of parents who were not tested decreased significantly from
54.5% to 16.7%. Additionally, the most reported reasons for not getting tested before 2010 were
that the test was not obligatory or not available. However, after 2010, the reasons for not being
tested shifted, although they were not identified by the parents. Moreover, the proportion of
children born with B-thalassemia major decreased by 20%. (Table 5.6)

Table (5.6): Comparison of self-reported premarital screening among parents by year of
marriage.

. Year of marriage
Variable Category Before 2010 | In/after 2010
Yes 40 (45.5) 30 (83.3)
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gHei\t/iig]/?#al:piggr?gone screening before No 48 (54.5) 6 (16.7)
. Test was not obligatory 25 (28.4) 0(0.0)
Reason for not getting screened Test was unavailable 14 (15.9) 0(0.0)
Didn’t know about the test 8(9.1) 2 (5.6)
Other reasons 1(1.1) 4(11.1)
Tested 40 (45.5) 30(83.3)
Self-reported result of premarital Thalassemia carrier 15 (37.5) 12 (40.0)
screening test Thalassemia non carrier 25 (62.5) 18 (60.0)
Medical diagnosis of the child B-thalassemia major 33 (70.2) 11 (50.0)
B-thalassemia intermedia 5 (10.6) 3(13.6)
Sickle cell thalassemia 9(19.1) 6 (27.3)
Hemoglobin SC disease 0(0.0) 2(9.1)

We have further examined the self-reported results of premarital screening test against medical
diagnosis of the children and year of marriage (Table 5.7). A total of 24 partners were not tested
before marriage (38.7%), 22 (91.7%) of which were married before 2010. Nineteen families
(79.2%) of these families had children with -thalassemia major, 3 (12.5%) had children with
sickle cell thalassemia, and 2 (8.3%) had children with thalassemia intermedia. In comparison,
32 partners reported being both tested, among which 6 (18.8%) reported being both carriers and
12 (37.5%) reported being both non-carriers. Among those who reported both being carriers, 4
(66.7%) were married before 2010, 4 (66.7%) had children with B-thalassemia major, and 2
(33.3%) had children with sickle cell thalassemia.

On the other hand, based on the testing strategy, if one partner tested normal (non-carrier), then
the other partner is not required to undergo the test. In this study, we have identified 5 couples
where one partner reported being non-carrier and the other partner was not tested. Among those,
3 couples (60%) had children with B-thalassemia major, one couple (20%) had children with
sickle cell thalassemia, and one couple (20%) had children hemoglobin SC disease. In addition,
14 partners reported that both parents were tested, and the results indicated that one of them
tested as carrier while the other was non-carrier. Among those 14 partners, 9 (64.3%) had
children with p-thalassemia major, 3 (21.4%) had children with sickle cell thalassemia, and 2
(14.3%) had children with B-thalassemia intermedia.

Table (5.7): Results of self-reported results of premarital screening test against medical
diagnosis of the children and year of marriage.

Medical diagnosis of Self-f-reported result of
children premarital screening

Beta-thalassemia Both carriers 2
major Both non-carriers 3
Both not tested
One carrier and one non-carrier
One carrier and one not tested
One partner tested non-carrier
Sickle cell thalassemia | Both carriers
Both non-carriers
Both not tested
One carrier and one non-carrier
One partner tested non-carrier
Both non-carriers

Before 2010 | In/after 2010 | Total
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Beta-thalassemia Both not tested 2 0 2
intermedia One carrier and one non-carrier 0 2 2
Hemoglobin C disease One partner tested non-carrier 0 1 1
Total Both carriers 4 2 6
Both non-carriers 7 5 12
Both not tested 22 2 24
One carrier and one non-carrier 7 7 14
One carrier and one not tested 0 1 1
One partner tested non-carrier 4 1 5

5.3.2. Other factors associated with premarital screening

Table (5.8) presents the results of hematological analysis conducted on 62 parents (9 fathers
and 53 mothers). In this study, 48.4% had high count of RBCs with the mean RBC count being
5.4+0.6 x10%/puL and ranging from 4.2 to 6.8x10%pL. In terms of the Hb levels, the results
showed that 69.4% of the examined parents had low Hb levels. The mean Hb was 11.6+1.5
g/dL, ranging from 8.5 to 15.7 g/dL. As for MCV, which measures the average size of RBCs,
the vast majority of parents (95.2%) had low levels. The mean MCV among parents was
67.8+£7.4 fL, ranging from 54.9 to 84.2 fL. Regarding MCH, which represents the average
amount of hemoglobin in each RBC, 88.7% of the parents had low levels. The mean MCH was
21.5£3.1 pg, ranging from 16.6 to 29.1 pg.

Table (5.6) also presents the distribution of parents based on their hemoglobin category
selection. Out of 62 parents, 82.3% had high levels of HbA2, with a mean of 4.2+0.7%, ranging
from 2.8% to 5.5%. Additionally, 45.2% had low levels of HbA, 6.5% of parents (n=4) had
high levels of HbF, 17.7% of parents (n=11) had high levels of HbS, and only one parent (1.6%)
had high level of HbC.

Table (5.8): Hematological findings of parents of thalassemia parents born after 2010.

Frequency Mean +
Parameter Category (n=62) sD - Median (IQR) Range
N (%)
Low (<4.5) 5(8.1)
WBC (10% uL) Normal (4.5-10) 56 (90.3) 7.1+1.7 6.9 (5.6-8.4) (4.2-10.10)
High (>10) 1(1.6)
Normal (3.76-5.70) 32 (51.6)
6 - -
RBC (10% uL) High (>5.70) 30 (48.) 5.4+0.6 5.4 (5-5.9) (4.2-6.8)
Low 43 (69.4)
Hb (g/dL) Normal 19 (30.6) 11.6+1.5 11.6 (10.5-12.3) (8.5-15.7)
Low 36 (58.1)
HCT (%) Normal 25 (40.3) 36.6+4.3 36.5 (33.6-39.3) (24-47.5)
High 1(1.6)
Low (<80) 59 (95.2) i i
MCV (fL) Normal (>80) 3(48) 67.8+7.4 | 67.8(61.9-72.7) | (54.9-84.2)
Low (<27) 55 (88.7) i i
MCH (pg) Normal (27-31) 7(11.3) 21.5+3.1 21.2 (19-23.1) (16.6-29.1)
Low (<32) 40 (64.5) i i
MCHC (g/dL) Normal (32-36) 22 (35.5) 31.5+1.2 31.4 (30.6-32.1) (29-34.7)
Low (<11.5) 2(3.2)
RDW.CV (% Normal (11.5-14.5 45 (72. 13.7£1. 13.5(12.7-14.5 11.2-21.5
C | 2.6 3 6 3.5(12 2-2
High (>14.5) 15 (24.2)
PLT (10% uL) Low (<150) 1(17) 284+73 269 (227-346) (149-477)
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Normal (150-400) 58 (93.5)

High (>400) 3 (4.8)
HbA2 (%) Ez}’:‘é'f;a éi g;g 42407 4.2 (3.6-4.8) (2.8-5.5)
HbA (%) h%?ﬁf;ggg m gj Egi:g 88.1+13.6 | 94.5(92.9-95.6) | (56.2-96.7)
HbF (%) IN{?;}Tflz'z(;Z) 52 Egg’) 0.640.7 0.3(02-1.02) | (0.1-4.10)
HbS (%) Efg??iéﬁl(;l) ﬁ g;% 6.2+13.6 0 (0-0) (0-37.9)
HbC (%) Efg??iéﬁl(;l) 61 8%;1) 0.645.0 0 (0-0) (0-40.1)

o \WBC= White Blood cells, RBC= Reed Blood Cell, Hb= Hemoglobin, MCV= Mean Cell Volume,
MCH= Mean Cell Hemoglobin, MCHC= Mean Cell Hemoglobin Concentration, RDW=Red Cell
distribution width, PLT= Platelets

e Normal ranges: Hb (male) = (14-18), (female) = (12-16); HCT (male) = (42-52), (female) = (37-
47); MCV (male) = (81-95), (female) = (76-99). We further compared the reported results of the
premarital screening tests with those obtained from the hematological assessment of the parents.

Table 5.9 shows that among the 62 parents who provided samples for testing, 3 fathers and 27
mothers did not have previous results for comparison. Discrepancies between self-reported
premarital screening results and results of the hematological assessment were observed in 3
fathers and 21 mothers. Among the mothers, 20 reported negative testing results for the
thalassemia trait while reported being diagnosed as a thalassemia carrier based on the results of
the results MCV from the hematological assessment.

Table (5.9): Discrepancies between self-reported premarital screening results and results of the
hematological assessment performed among parents of thalassemic children born in/after 2010.

Parent MCV result Self_-reported Prema}rital Test Result Total
Carrier Non-carrier Not tested
Low 2 3 2 7
Father Normal 0 1 1 2
Total 2 4 3 9
Low 5 20 27 52
Mother Normal 1 0 0 1
Total 6 20 27 53

Observing the results of the hematological assessment, we have found that 3 parents (4.8%) had
normal MCYV results. The children of these parents had sickle cell thalassemia. In addition,
these parents had high HbS based on the results of the H electrophoresis. In addition, one parent
had low MCV and high HbC (Table 5.10).

Table (5.10): Results of MCV and hemoglobin electrophoresis from the hematological
assessment of the parents (n=62).

. MCV Result
Hb electrophoresis Category Low (<80fL) Normal (>80 1L)
HbA2 (%) Normal (<3.5) 8 3
High (>3.5) 51 0
HbA (%) Low (<94) 25 3
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Normal (>94) 34 0
HbF (%) Normal (<2) 55 3
High (>2) 4 0
HbS (%) Normal (<0.1) 51 0
High (>0.1) 8 3
HbC (%) Normal (<0.1) 58 3
High (>0.1) 1 0

We have further examined other sociodemographic factors that could be related to premarital
screening. Based on our analysis, the proportion of parents who reported undergoing premarital
screening differed significantly by type of locality, consanguinity, degree of consanguinity, and
year of marriage (Table 5.11).

Table (5.11): Socioeconomic factors related with premarital testing.

Screening before
Variable Category marriage P-value
Yes No
Region North 52 (74.3) | 40 (74.1)
Middle 5(7.1) 5(9.3) 0.891
South 13 (18.6) | 9(16.7)
Type of locality Rural 34 (48.6) | 40 (74.1)
Urban 26 (37.1) | 8(14.8) 0.011
Camp 10 (14.3) | 6(11.1)
Consanguinity Yes 39 (55.7) | 47 (87.0) <0.001
No 31(44.3) | 7(13.0) '
Degree of consanguinity First cousins 27 (69.2) | 41 (87.2) 0.041
Same family 12 (30.8) | 6 (12.8) '
Year of marriage Before 2010 40 (57.1) | 48(88.9) <0.001
In/after 2010 30(429) | 6(11.1)
Education at marriage Primary education | 16 (22.9) | 23 (42.6)
cducation 41(588) | 24(M4) | e
Bachelor and
graduate studies 13(18.6) | 7(13.0)
Knowledge about thalassemia Yes 29 (41.4) | 15 (27.8)
before the first child was affected No 41 (58.6) | 39 (72.2) 0.115
Have you ever received genetic Yes 11(15.7) | 2(3.7)
counseling? No 52 (74.3) | 45(83.3) | 0.093
Don't know 7(10.0) | 7(13.0)

5.4 Assessment of Knowledge, Attitudes, and Practices (KAP) among Parents of
Thalassemia Patients Born In/After 2010

In this section, we utilized a KAP questionnaire to assess the knowledge, attitudes, and practices
of parents. A total of 118 parents completed the KAP questionnaire (62 mothers and 56 fathers).
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5.4.1. Knowledge

Knowledge about thalassemia was assessed using a 9-item scale. the results of the knowledge
assessment are resented in Table (5.12). The majority of parents (93.2%; n=110) had an
adequate level of knowledge (knowledge score >75% about thalassemia. The mean knowledge
score among parents was 8.1+0.9 out of 9, with a range of 4 to 9. The analysis showed no
significant differences in knowledge levels between mothers and fathers.

Examining the responses to individual items in the knowledge assessment, a significant
proportion of parents correctly identified that thalassemia is a genetic disease (94.9%) and that
having both parents as carriers could result in the birth of a thalassemic child (92.4%).
Furthermore, a large percentage of parents were aware that the mother of a thalassemic child
has a 25% chance of having a diseased child with each pregnancy (91.5%). Moreover, a
considerable number of mothers (88.7%) and fathers (80.4%) recognized that consanguineous
marriage contributes to the transmission of genetic disorders. Additionally, 90.7% of parents
were aware that a marriage between a healthy individual and a carrier cannot result in a
thalassemic child and the majority of parents (97.5%) correctly identified that marriage between
carriers can lead to children with thalassemia major, which is an encouraging finding.
Furthermore, 94.4% of parents agreed that individuals with thalassemia minor should not marry
each other, and 92.4% confirmed that prenatal diagnosis should be pursued if both parents are
carriers. On the other hand, our results revealed that certain aspects related to thalassemia were
less known among parents. For instance, only 72.9% of parents were aware that thalassemia
minor cannot be cured.

Table (5.12): Distribution of parents of patients born in/after 2010 according to knowledge
about Thalassemia knowledge scores.

Parents with correct responses

ltem Mothers | Fathers p. Total

(n=62) (n=56) value (n=118)

N (%) N (%) N (%)
76.1. Thalassemia is a genetic disease 59 (95.2) | 53(94.6) | 0.898 | 112 (94.9)
;Sﬁ%sBOth parents of thalassemic children carry abnormal 50 (95.2) | 50 (89.3) | 0.230 | 109 (92.4)

76.3. Thalassemic child's mother has a 25% chance of
bearing a diseased child with each pregnancy

76.4. Consanguineous marriage plays a role in transmission
to the upcoming generation

76.5.A marriage between_a heglthy person and a carrier can 58 (93.5) | 49 (87.5) | 0.259 | 107 (90.7)
lead to a major thalassemic child

76.6.A marriage between carriers lead to major thalassemia 60 (96.8) | 55(98.2) | 0.620 | 115(97.5)
76.7. If both partners are carriers, prenatal diagnosis should 56 (90.3) | 53 (94.6) | 0.377 | 109 (92.4)

57 (91.9) | 51 (91.1) | 0.866 | 108 (91.5)

55(88.7) | 45(80.4) | 0.208 | 100 (84.7)

be made

Z?hgr Two people with minor thalassemia can marry each 59 (95.2) | 53 (94.6) | 0.898 | 112 (94.4)

76.9. Minor thalassemia can be curable 45(72.6) | 41(73.2) | 0.938 | 86 (72.9)

Knowledge Score (Mean + SD) (total score=9) 8.240.8 8.0£1.0 | 0.357 8.1+0.9
Inadequate knowledge (< 75%) 3(4.8) 5(8.9) 8 (6.8)

Knowledge level - =5 ate knowledge (>75%) 59 (95.2) | 51(91.1) | %378 [ 110(93.2)
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5.4.2. Attitudes towards Thalassemia Prevention, Prenatal Testing, and Termination of
Pregnancy

The attitudes of parents towards thalassemia, prenatal analysis, and abortion were assessed
utilizing scales consisting of 11, 4, and 5 items, respectively. The results of the assessment of
attitudes towards thalassemia, prenatal analysis, and abortion are detailed in Table 5.13. The
overall attitude scores indicate positive attitudes towards thalassemia prevention, with an
average score of (74.5+11.2%). There were no significant differences between the attitudes of
mothers and fathers towards thalassemia, prenatal analysis, and abortion. The majority of
participants recognized the importance of preventing thalassemia, with 96.7% of parents
agreeing or strongly agreeing with this notion. However, there was a notable proportion (11.0%)
who either agreed or were neutral to the statement "I don't mind having more thalassemic
children. Additionally, there were mixed responses regarding the belief that parents with
thalassemic children miss out on fun and joy, with 59.3% of parents agreeing or strongly
agreeing.

Furthermore, the survey results demonstrated overwhelming support for premarital screening
legislation, as all respondents strongly agreed or agreed with the need for such legislation.
Similarly, the majority of participants (97.5%) agreed or strongly agreed that thalassemia
carriers should not marry. However, there were a mixed perception regarding the social stigma
associated with thalassemia, with 51.7% of respondents agreeing or strongly agreeing while
44.1% strongly disagreed or disagreed with the statement.

Regarding attitudes towards prenatal testing, the majority of parents expressed a desire to know
if they are carrying a thalassemic baby (73.8%), and most disagreed or strongly disagreed with
the statement "I don't want to know whether the infant is thalassemic” (77.1%). Similarly, a
significant proportion of parents (70.3%) disagreed or strongly disagreed with the statement
"Tests for thalassemia during pregnancy are not useful.”

In terms of attitudes towards abortion, a considerable percentage of respondents disapproved
of pregnancy termination, with 42% of mothers and 59% of fathers either agreeing or strongly
agreeing. However, over half of the parents (58.5%) agreed or strongly agreed with the
statement "'l will not prevent the birth of a thalassemic child.

Table (5.13): Attitudes towards thalassemia, prenatal diagnosis, and abortion among families
of thalassemia patients born in/after 2010.

Mothers (n=62) Fathers (n=56) Overall (n=118)
Item Response N (%) Mgalljn + N (%) I\ilgaDn P-value N (%) Mean +SD

Strongly

Agree/ 59 (95.2) 55 (98.2) 114 (96.7)
76.1. Thereis a Agree
need to prevent Neutral 1(1.6) 4.6+0.7 0(0.0) 4.7+0.6 0.557 1(0.8) 4.7+0.6
thalassemia Strongly

Disagree/ 2(3.2) 1(1.8) 3(2.5)

Disagree

Strongly

Agree/ 4 (6.5) 4(7.1) 8 (6.8)
76.2.1 don’t mind Agree
having more Neutral 3 (4.8 4.4+0.9 2 (3.6) 4.4+0.9 0.935 5(4.2) 4.4+0.9
thalassemic Strongly

Disagree/ 55 (88.7) 50 (89.3) 105 (89)

Disagree
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Strongly

76.3.A N ﬁg:gg/ 39 (62.9) 31 (55.4) 70 (59.3)
thalassemia’s Neutral 2(32) | 3.4+15 | 4(7.1) | 3.2¢1.4 | 0.458 6 (5.1) 3.3t15
mpther and father Strongly
missfunand Joy | i creer | 21 (33.9) 21 (37.5) 42 (35.6)

Disagree

Strongly

Agree/ 43 (69.3) 36 (64.3) 79 (66.9)
76.4. Thalassemia is | Agree
a social and Neutral 4 (6.5) 3.6+1.3 2 (3.6) 3.5+1.3 0.437 6 (5.1) 3.6+1.3
economic burden Strongly '

Disagree/ 15 (24.2) 18 (32.1) 33 (28)

Disagree

Strongly
76.5. Taking care of | Agree/ 43 (69.3) 43 (76.7) 86 (72.9)
children with Agree
thalassemia Neutral 7(11.3) 3.7+£1.2 3(5.4) 3.9+1.1 0.850 10 (8.5) 3.8+1.2
demands too much Strongly
of me Disagree/ 12 (19.4) 10 (17.9) 22 (18.6)

Disagree

Strongly

Agree/ 15 (24.1) 14 (25) 29 (24.6)
76.6. We have no Agree
right to prevent Neutral 4 (6.5) 4.0£1.3 5(8.9) 3.8£1.3 0.879 9 (7.6) 3.9+1.3
thalassemia Strongly

Disagree/ 43 (69.4) 37 (66.1) 80 (67.8)

Disagree

Strongly

Agree/ 62 (100) 54 (96.4) 116 (98.4)
76.7. Testing for Agree
thalassemia before Neutral 0(0.0) 4.8+0.3 1(1.8) 4.7+0.5 0.324 1(0.8) 4.7+0.4
marriage Strongly

Disagree/ 0(0.0) 1(1.8) 1(0.8)

Disagree

Strongly

Agree/ 62 (100) 56 (100) 118 (100)
76.8. Need of Agree
legislation of Neutral 0(0.0) 4.8+0.3 0(0.0) 4.8+0.4 - 0(0.0) 4.8+0.3
premarital screening | Strongly

Disagree/ 0(0.0) 0(0.0) 0(0.0)

Disagree

Strongly

Agree/ 61 (98.4) 54 (96.4) 115 (97.5)
76.9. Thalassemia Agree
carriers should not Neutral 1(1.6) 4.8+0.4 2 (3.6) 4.620.5 0.5 3(2.5) 4.7+0.4
marry Strongly

Disagree/ 0(0.0) 0(0.0) 0(0.0)

Disagree

Strongly

Agree/ 46 (74.2) 46 (82.2) 92 (78)
76.10.  Carrier Agree
couples should not Neutral 9 (14.5) 41+1.1 6 (10.7) 43+1.0 0.572 15 (12.7) 4.2+1.0
have children Strongly

Disagree/ 7(11.3) 4(7.1) 11 (9.3)

Disagree

Strongly
7611 Thereisa ﬁg:gg/ 32(51.7) 29 (51.8) 61 (51.7)
social stigma Neutral 3(48) | 3016 | 2(36) | 28+1.6 | 0914 5(4.2) 2.9+1.6
assomated_ with Strongly
thalassemia Disagree/ | 27 (43.5) 25 (44.6) 52 (44.1)

Disagree
76.1.Want to know | Strongly
if carrying Agree/ 46 (74.1) | 3.9+14 | 41(73.2) | 3.8+14 0.939 87 (73.8) 3.8+14
thalassemic baby Agree
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Neutral 4 (6.5) 3(5.4) 7 (5.9)
Strongly
Disagree/ 12 (19.4) 12 (21.4) 24 (20.3)
Disagree
Strongly
Agree/ 50 (80.7) 48 (85.7) 98 (83.1)
76.2. Will test if test |-2ree
Neutral 3(4.8) 41+1.2 2(3.6) 4.1+1.1 0.764 5(4.2) 4.1+1.1
available
Strongly
Disagree/ 9 (14.5) 6 (10.7) 15 (12.7)
Disagree
Strongly
Agree/ 8 (12.9) 11 (19.6) 19 (16.1)
76.3 you don'twant | Agree
to know if the baby | Neutral 5(8.1) 41+1.1 3(5.4) 3.8+1.2 0.546 8 (6.8) 4.0+1.2
is thalassemic Strongly
Disagree/ 49 (79) 42 (75) 91 (77.1)
Disagree
Strongly
76.4. Tests for ﬁg:gg/ 5(8) 8(14.3) 13 (11)
thalassemia during "o 1) 13(21) | 41#10 | 9(16.1) | 4.1+12 | 0492 | 22(18.6) | 4.1+1.1
pregnancy are not Strongly
useful Disagree/ 44 (71) 39 (69.6) 83 (70.3)
Disagree
Strongly
Agree/ 26 (42) 33(59) 59 (50)
76.1. Disapprove of | Agree
pregnancy Neutral 9 (14.5) 2.9+15 5(8.9) 2.6x£1.5 0.176 14 (11.9) 2.8+1.5
termination Strongly
Disagree/ 27 (43.5) 18 (32.1) 45 (38.1)
Disagree
Strongly
Agree/ 33(53.3) 36 (64.3) 69 (58.5)
76.2. I'll not prevent | Agree
a thalassemic from Neutral 10(16.1) | 2.7+14 | 7(125) 2.5+1.4 0.476 17 (14.4) 2.611.4
being born Strongly
Disagree/ 19 (30.6) 13 (23.2) 32 (27.1)
Disagree
76.3. If during the Strongly
pregnancy period Agree/ 27 (43.5) 23 (41.1) 50 (42.4)
and before soul Agree
inspiration, you Neutral 5(8.1) 4(7.1) 9 (7.6)
found the fetus is 2.9+1.7 2.6£1.6 0.957 2.7£1.7
affected by Strongly
thalassemia, would | Disagree/ 30 (48.4) 29 (51.8) 59 (50)
you agree with Disagree
medical abortion?
Strongly
76.4. It is better to Agree/ 24 (38.7) 18 (32.1) 42 (35.6)
terminate a Agree
Neutral 7(11.3) 2.6x1.6 7(12.5) 2.5%15 0.864 14 (11.9) 2.6x15
pregnancy than Strongly
letting child suffer | 1y oree/ | 31 (50) 31 (55.4) 62 (52.5)
Disagree
Strongly
76.5. Abortion of Agree/ 40 (64.5) 40 (71.5) 80 (67.8)
thalassemic fetus is | Agree
forbidden regardless | Neutral 9 (14.5) 22413 | 11(19.6) | 1.9+1.1 0.177 20 (16.9) 2.0£1.2
of the gestational Strongly
age Disagree/ 13 (21) 5(8.9) 18 (15.3)
Disagree
Attitude scores Good (>42) | 48 (77.4) 43 (76.8) 91 (77.1)
E?(‘)’;’:{fg;;‘a'assem'a Poor (<42) | 14 (22.6) | 45748 | 13(23.2) | 452447 | O9%° | 27(209) | #54*48
Good (>15) | 47 (75.8) | 16.4+4.0 | 40 (71.4) | 16.0+4.1 0.589 87 (73.7) 16.2+4.0
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Attitude scores

towards prenatal Poor (<15) 15 (24.2) 16 (28.6) 31 (26.3)

diagnosis (total=20)

Attitude scores Good (>19) | 18(28.0) 10 (17.9) 28 (23.7)

towards the

termination of 13.5+6.4 12.2+5.8 0.154 12.9+6.1
pregnancy Poor (<19) 44 (71.0) 46 (82.1) 90 (76.3)

(total=25)

Overall Attitude Good (>75) | 34(54.8) | 75.6+11. | 23 (41.1) | 73.4+10. 0.135 57 (48.3) 7454112
Score (total=100) Poor (<75) 28 (45.2) 9 33 (58.9) 3 ) 61 (51.7) T

5.4.3. Practices towards Thalassemia

Parental practices toward thalassemia were assessed using a 5-item scale, as presented in
Table (5.11). The overall practice score, combining the responses of both mothers and
fathers, was found to be 3.3/5+1.0. The mean practice score for mothers was 3.2+1.0, while
for fathers it was 3.3£1.0. There was no significant difference observed between the practice
scores of fathers and mothers toward thalassemia, as shown in Table (5.14).

The first item of the practice sale examined whether the other children in the family had been
screened for thalassemia, with responses categorized as "Yes" or "No." The survey results
indicated that the majority of respondents (57.8%) had their other children screened.

Regarding prenatal screening for thalassemia, the majority of respondents (71.6%) reported
not having performed such screening. Only 28.4% of respondents indicated that they did
undergo prenatal screening. Furthermore, when asked if they had encouraged others to
undergo premarital screening, the majority of parents (90.5%) reported that they had
motivated others to undergo premarital screening.

The fourth item inquired whether the family desired to have more children despite already
having sick children. The majority of parents (67.2%) expressed that they did not wish to
have more children. However, a significant proportion (32.8%) still desired to have more
children despite already having a child with thalassemia.

Regarding the disclosure of their child's thalassemia to relatives, the majority of parents
(88.8%) reported that their relatives were aware of their child's condition. However, it is
important to note that a significant percentage (11.2%) of parents had not informed their
relatives about their child's thalassemia.

Table (5.14): Distribution of parents according to practices and practice scores towards
thalassemia.

Mothers (n=61) Fathers (n=55) p. Overall (n=116)
Item N (%) Mgzéni N (%) Mg%ni value N (%) Mg%ni
76.1. Areyour | Yes 35 (57.4) 32 (58.2) 67 (57.8)
other children
screened for No 26 (42.6) | 004 | o3a1g) | 0004 | 0930 | 4g g5y | 05204
thalassemia?
76.2. Do you Yes 15 (24.6) 18 (32.7) 33 (28.4)
perform
orenatal No 46 (75.4) 0.2+0.4 37 (67.3) 0.3+0.4 | 0.332 83 (71.6) 0.2+0.4
screening?
76.3. Have you | Yes 54 (88.5) 51 (92.7) 105 (90.5)
motivated No 7 (11.5) 0.8+0.3 4(73) 0.9+0.2 | 0.440 11 (9.5) 0.9+0.3
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anyone for

premarital

screening?

76.4. Do you Yes 19 (31.1) 19 (34.5) 38 (32.8)

wish for more

children despite 0.6£0.4 0.6£0.4 | 0.697 0.6£0.4
already having No 42 (68.9) 36 (65.5) 78 (67.2)

sick ones?

76.5. Is your Yes 54 (88.5) 49 (89.1) 103 (88.8)

child’s disease

known to your | No 7a15) | 08031 §1gg) | 08203 | 0923 | 15 4q 5 | 08203
relatives?

Overall Practice (B<a?fj) 34 (55.7) 27 (49.1) 61 (52.6)

Score (total Good 3.2£1.0 3.3£1.0 | 0474 3.3tx1.0
score=5) 3) 27 (44.3) 28 (50.9) 55 (47.4)

5.4.4. Correlation between Knowledge, Attitudes, and Practices

Investigating the correlation between the KAP scores (Table 5.15), we have found that
knowledge score had a significant positive correlation with the overall attitude score, attitude
score towards thalassemia, and attitude score towards the termination of pregnancy. On the
other hand, practice scores were only significantly correlated with the overall attitude score
and the attitude score towards the termination of pregnancy.

Table (5.15): Correlation between KAP scores.

Pearson
Correlated factors correlation P-value
coefficient (r)
Knowledge score Altitude score towards 0.330 <0.001
thalassemia
Knowledge score Altitude score tOWEfII’dS 0.096 0.302
prenatal diagnosis
Knowledge score Altitude score towards the 0.228 0.013
termination of pregnancy
Knowledge score Overall attitude score 0.300 0.01
Knowledge score Overall practice score 0.058 0.534
Adtitude score t_owards Overall practice score 0.174 0.062
thalassemia
Adtitude score towgrds Overall practice score 0.007 0.943
prenatal diagnosis
Att|tgde score lowards the Overall practice score 0.271 0.003
termination of pregnancy
Overall attitude score Overall practice score 0.225 0.015

5.4.5. Knowledge, Attitudes, and Practices and Premarital Screening

Examining the differences between KAP and undergoing premarital screening, we have
found that the mean attitude scores toward termination of pregnancy among those who
reported not undergoing the premarital screening test were lower compared to those who
reported doing the test and the difference was significant (p-value=0.018). In addition, a
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significantly larger proportion of those who reported not undergoing premarital screening
had poorer overall attitude scores. (p-value=0.008).

Table (5.16): Association between knowledge attitudes and practices, and self-reported
premarital testing.

Premarital testing p.
Variable Yes No value
N (%) N (%)
Knowledge score Inadequate (<75%) 3(4.5) 5 (9.6) 0.277
Adequate (>75%) 63 (95.5) 47 (90.4) '
Knowledge score (continuous) Mean + SD 8.18+0.91 8.04+0.95 0.406
Attitude score towards thalassemia Poor attitudes (<75%) 18 (27.3) 9 (17.3) 0.145
Good attitudes (>75%) 48 (72.7) 43 (82.7) '
Attitude score towards thalassemia Mean + SD 45.61+4.89 | 45.19+4.68 | 0.643
(continuous)
Attitude score towards prenatal Poor attitudes (<75%) 17 (25.8) 14 (26.9) 0.886
diagnosis Good attitudes (>75%) 49 (74.2) 38 (73.1) '
Adtitude score towards prenatal Mean + SD 16.15¢4.25 | 16.29+3.73 | 0.641
diagnosis (continuous)
Attitude score towards the Poor attitudes (<75%) 46 (69.7) 44 (84.6) 0.059
termination of pregnancy Good attitudes (>75%) 20 (30.3) 8 (15.4) '
Attitude score towards the
termination of pregnancy Mean = SD 14.08+6.35 11.40+5.51 | 0.018
(continuous)
Overall attitude score Poor attitudes (<75%) 27 (40.9) 34 (65.4) 0.008
Good attitudes (>75%) 39 (59.1) 18 (34.6) '
Overall attitude score (continuous) Mean + SD 75.83+11.61 | 72.88+£10.49 | 0.156
Overall practice score Poor practice (<75%) 30 (45.5) 31 (62.0) 0.077
Good practice (>75%) 36 (54.5) 19 (38.0) '
Overall practice score (continuous) Mean + SD 3.41+1.08 3.22+0.97 0.151

5.5 Association between Factors Contributing to the Continuing Emergence of
Thalassemia in the West Bank

Table (5.17) presents the associations between the characteristics of the parents of
thalassemia patients born in/after 2010 and their type of locality. There was a significant
association between the type of housing and the type of locality (p-value=0.020). Families
living in rural localities or refugee camps were more likely to be house owners compared to
families living in urban localities. In addition, the mean household monthly income varied
significantly by the type of locality being highest in families living in rural localities
(3454.0+£1842.51 NIS) (p-value=0.042).

The degree of consanguinity also showed a significant association with the type of locality
(p-value=0.011). Families living in rural localities had the highest proportion of
consanguineous marriages, especially among first cousins, followed by families living in
urban localities.

Undergoing premarital testing for thalassemia was significantly associated with the type of
locality (p-value=0.011). 45.9% of the parents living in rural areas had undergone premarital
testing compared to 76.5% in urban areas and 62.5% in refugee camps.

The utilization of genetic counseling services also showed significant differences between
different types of localities (p-value=0.045). In rural areas, only 5.4% of parents reported
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receiving genetic counseling and only 2 parents in the camp locality reported receiving
genetic counseling, while in urban areas, the percentage was 20.6%.

Having a family history of sickle cell anemia was significantly higher among parents living
in refugee camps (12.4%) and urban localities (11.8%) compared to parents living in rural
localities (p-value=0.015).

Attitude scores toward prenatal diagnosis also showed a significant association with the type
of locality (p-value=0.036). Among parents, 21.1% in rural areas, 25.0% in urban areas, and
53.3% in the camp locality had poor attitudes towards prenatal diagnosis.

Table (5.17): Association between factors contributing to the continuing emergence of

thalassemia and the type of locality.

Type of Localit p.
Variable Rural Urban Camp value
N (%) N (%) N (%)

Household monthly income | Low income 2 (5.4) 3 (17.6) 0(0.0)

(NIS) Middle income 33 (89.2) 14 (82.4) 8 (100) | 0.349
High income 2 (5.4) 0(0.0) 0(0.0)

Households monthly Mean + SD 3454+1842 | 2502+1027 | 2250447 | 0.042

income (NIS) (continuous)

Type of housing Rental 2 (5.4 5(29.4) 0(0.0) 0.020
Owned 35 (94.6) 12 (70.6) 8 (100) '

Consanguinity Yes 28 (75.7) 11 (64.7) 4 (50.0) 0.320
No 9(24.3 6 (35.3) 4 (50.0) '

Degree of consanguinity First cousins 25 (89.3) 8 (72.2) 1(25.0) 0.011
Same family 3(10.7) 3(27.3) 5 (27.0) '

Number of thalassemia

carriers among children Mean £ SD 1.5+15 0.7£0.6 0.8£0.6 | 0.122

(continuous)

Family size Mean + SD 6.4+1.9 5.5+1.3 6.6+£1.3 | 0.175

Did you have any Yes 9 (24.3) 1(5.9) 1(12.5)

e due to No 28(75.7) | 16(94.1) | 7(875) | %%°

Reasons for not doing the Test was not obligatory 20 (50.0) 3(37.5) 2 (33.3)

test Test not available 10 (25.0) 2 (250.) 2 (33.3)
g;(tin t know about the 8 (20.0) 2 (25.0) 0(0.0) 0.361
Other reasons 2 (5.0 1(12.5) 2 (33.3)

Age at marriage (Years) Mean + SD 22.74¢5.3 21.0+5.0 241459 | 0.151

Educational level at Primary education or less 23 (31) 12 (35.3) 4(24.9)

marriage Secondary education 38 (51.4) 18 (52.9) 9(56.3) | 0.910
Bachelor and more 13 (17.6) 4 (11.8) 3(18.8)

Knowledge about Yes 25 (33.8) 13 (38.2) 6 (37.5)

(holassemia before the frst | o 49 (66.2) | 21(61.8) | 10 (62.5) | ©-88°

Source of knowledge about | Educational system 9 (36) 6 (46.2) 3 (50.0)

thalassemia Awareness sessions 0(0) 2 (15.4) 0(0.0) 0.214
Relatives 14 (56) 3(23.1) 3(50.0) '
Others 2(8.0) 2 (15.4) 0(0.0)

Have you ever received Yes 4 (5.4) 7 (20.6) 2 (12.5)

genetic counseling? No 58 (78.4) 25(735) | 14(87.5) | 0.045
Don't know 12 (16.2) 2(5.9) 0(0.0)

Family history of Yes 14 (18.9) 6 (17.7) 2 (12.5)

thalassemia No 52 (70.3) 25(735) | 14(87.5) | 0.632
Don't know 8 (10.8) 3(8.8) 0(0.0)
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Family history of Yes 42 (56.7) 16 (47) 8 (49.9)

thalassemia trait No 23 (31.1) 9 (26.5) 5(31.3) | 0.481
Don't know 9(12.2) 9 (26.5) 3(18.8)

Family history of SCA Yes 3(4.1) 4 (11.8) 2 (12.4)
No 65 (87.8) 20(58.8) | 11(68.8) | 0.015
Don't know 6(8.1) 10 (29.4) 3(18.8)

Knowledge score Inadequate (<75%) 5() 2 (6.2) 1(6.7) 0.989
Adequate (>75%) 66 (93) 30(93.8) | 14(93.3) '

Knowledge score Mean + SD 79408 | 84+08 | 80+L2 |0.070

(continuous)

Attitude score towards Poor attitudes (<75%) 18 (25.4) 8 (25.0) 1(6.7) 0.278

thalassemia Good attitudes (>75%) 53 (74.6) 24 (75.0) | 14 (93.3) '

Altitude score towards Mean + SD A47+46 | 46053 | 47.4%35 | 0.090

thalassemia (continuous)

Attitude score towards Poor attitudes (<75%) 15 (21.1) 8 (25.0) 8 (53.3) 0.036

prenatal diagnosis Good attitudes (>75%) 56 (78.9) 24 (75.0) 7 (46.7) '

Attitude score towards

prenatal diagnosis Mean £ SD 16.5+£3.9 16.4+3.4 14.0£5.0 | 0.085

(continuous)

Attitude score towards the Poor attitudes (<75%) 54 (76.1) 26 (81.2) | 10 (66.7) 0.548

termination of pregnancy Good attitudes (>75%) 17 (23.9) 6 (18.8) 5 (33.3) '

Attitude score towards the

termination of pregnancy Mean + SD 12.7+6.0 12.845.0 13.8+7.2 | 0.805

(continuous)

Overall attitude score Poor attitudes (<75%) 41 (57.7) 14 (43.7) 6 (40.0) 0.263
Good attitudes (>75%) 30 (42.3) 18 (56.3) 9 (60.0) '

g‘éf]rt?r']'uiﬁ'st)”de score Mean + SD 73+118 | 75.4:9.8 | 75.3+113 | 0.801

Overall practice score Poor practice (<75%) 36 (52.2) 18 (56.2) 7 (46.7) 0.824
Good practice (>75%) 33 (47.8) 14 (43.8) 8 (53.3) '

Overall practice score Mean + SD 33+10 | 31+10 | 3.4+0.8 |0.63L

(continuous)

Table (5.18) presents the associations between regions and factors that might contribute to
the continuing emergence of thalassemia cases.

There was a significant difference in the household income level across regions (p-
value=0.016) being highest among families from the southern region compared to the
northern and middle. In addition, a significantly higher proportion of the families from the
northern region were owners of their houses (p-value=0.01).

Furthermore, in the Northern region, the proportion of families that resided in rural areas
was significantly higher (p-value=0.007) being 67.4% compared to 40.0% and 36.4% in the
middle and southern regions, respectively.

Comparison of reasons for not undergoing premarital screening, the most commonly
reported reason among parents from the northern region was that the test was not obligatory
(55.0%) while the most commonly reported reason was the unavailability of the test among
parents from the central and southern regions (80.0% and 66.7%, respectively) (p-
value=0.001).

The presence of prior knowledge about thalassemia before the first child was affected was

significantly lower among parents from the northern region (p-value=0.007). The source of
information about thalassemia for parents who had prior knowledge also demonstrated a
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significant association with the region (p-value < 0.001). In the North region, relatives were
the most common source of information (61.5%), while in the Middle region, the educational
system and awareness sessions were the most common sources of knowledge (50% each),
and in the South region, it was the educational system (57.1%). Furthermore, a significantly
lower proportion of parents from the northern region reported the utilization of genetic
counseling (p-value <0.001). Moreover, there was a significant difference between the
prevalence of family history of thalassemia and region (p-value=0.01).

Unexpectedly, the mean age at marriage among parents from the northern region was
significantly higher (p-value=0.038).

Comparing KAP scores among parents across regions showed that parents from the southern
region had significantly higher knowledge scores while parents from the northern region had
the lowest scores (p-value <0.001). On the other hand, overall attitude scores and the mean
attitude scores towards thalassemia, prenatal diagnosis, and termination of pregnancy were
highest among parents from the southern region and lowest among parents from the northern
region. However, the difference was not significant for attitude scores towards prenatal
diagnosis. Although practice scores did not display significant differences, they were highest
among parents from the southern region and lowest among parents from the northern region
(p-value=0.551).

Table (5.18): Association between factors contributing to the continuing emergence of

thalassemia and region.

Region p.
Variable North Middle South value
N (%) N (%) N (%)
Household monthly income (NIS) | Low income 1(2.1) 2 (40.0) 2 (18.2)
Middle income 44 (95.7) 3 (60.0) 8 (72.7) 0.016
High income 1(2.2) 0(0.0) 1(9.1)
Household monthly income (NIS) |\ 4 op 3154+1618 | 2200714 | 2931+1779 | 0.449
(continuous)
Type of locality Rural 31 (67.4) 2 (40.0) 4 (36.4)
Urban 7(15.2) 3 (60.0) 7 (63.6) 0.007
Camp 8 (17.4) 0(0.0) 0(0)
Type of housing Rental 2(4.3) 2 (40.0) 3(27.3) 0.010
Owned 44 (95.7) 3 (60.0) 8 (72.7) '
Consanguinity Yes 32 (69.6) 3 (60.0) 8 (72.7) 0.876
No 14 (30.4) 2 (40.0) 3(27.3) '
Degree of consanguinity First cousins 26 (81.3) 2 (66.7) 6 (75) 0.798
Same family 6 (18.8) 1(33.3) 2 (525) '
Family size (continuous) Mean + SD 6.1+1.8 6.6+1.5 6.4+1.7 0.779
Did you have any miscarriages Yes 9 (19.6) 0 (0.0) 2 (18.2) 0.553
due to thalassemia? No 37 (80.4) | 5(100.0) 9 (81.8) '
Have you undergone screening Yes 52 (56.5) 5 (50.0) 13 (59.1) 0.891
before getting married? No 40 (43.5) 5 (50.0) 9 (40.9) '
Number of thalassemia carriers | ;0. 4 gy 11#12 | 2#11 | 1414 | 0.600
among children (continuous)
Result of premarital screening Carrier 21 (40.4) 1 (20.0) 5 (38.5) 0.670
Non carrier 31 (59.6) 4 (80.0) 8 (61.5) '
Reasons for not doing the test Tes_t was not 22 (55.0) 1(20.0) 2 (22.2)
obligatory
Test not available 4 (10.0) 4 (80.0) 6 (66.7) 0.001
Didn’t know
about the test 10 (25.0) 0 (0.0) 0 (0)
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Other reasons 4 (10.0) 0(0.0) 1(11.1)
Age at marriage (continuous) Mean + SD 23.1+5.5 21.4+6.0 20+3.3 0.038
Education at marriage Primary education 27 (29.3) 4 (40.0) 8 (36.4)
or less
secondary
education 49 (53.3) 4 (40.0) 12 (54.5) 0.788
Bachelor and
more 16 (17.4) 2 (20.0) 2(9.1)
Knowledge about thalassemia Yes 26 (28.3) 4 (40.0) 14 (63.6) 0.007
before the first child was affected | No 66 (71.7) 6 (60.0) 8 (36.4) '
Source of_knowledge about Educational 8 (30.8) 2 (50.0) 8 (57.1)
thalassemia system
Awareness
Sessions 0 (0.0) 2 (50.0) 0 (0.0) <0.001
Relatives 16 (61.5) 0(0.0) 4 (28.6)
Others 2 (1.7 0 (0.0) 2 (14.3)
Have you ever received genetic Yes 4(4.3) 1(10.0) 8 (36.4)
counseling? No 77 (83.7) 8 (80.0) 12 (54.5) | <0.001
Don't know 11 (12) 1 (10.0) 2(9.1)
Family history of thalassemia Yes 16 (17.4) 1 (10.0) 5 (22.7)
No 7+2 (78.3) | 8(80.0) 11 (50) 0.010
Don't know 4(4.3) 1(10.0) 6 (27.3)
Family history of thalassemia trait | Yes 52 (56.6) 2 (20) 12 (54.5)
No 28 (30.4) 5 (50) 4 (18.2) 0.097
Don't know 12 (13) 3 (30) 6 (27.3)
Family history of SCA Yes 8 (8.7) 0(0) 1(4.5)
No 73 (79.3) 6 (60) 17 (77.3) 0.170
Don't know 11 (12) 4 (40) 4 (18.2)
Knowledge score Inadequate
(<75%) 8(33) 0(0) 00) 0.203
Adequate (>75%) | 78(90.7) 10 (100) 22 (100)
Knowledge score (continuous) Mean + SD 7.9+0.9 8.4+0.7 8.7+0.4 <0.001
Attitude score towards Poor attitudes
thalassemia (<75%) 24 (21.9) 3(30) 00
Good attitudes 0.018
(=75%) 62 (72.1) 7 (70) 22 (100)
Atitude score towards Mean + SD 442443 | 445¢595 | 50.4+1.7 | <0.001
thalassemia (continuous)
Attitude score towards prenatal Poor attitudes
diagnosis (<75%) 22 (25.6) 2 (20) 7 (31.8)
Good attitudes 0.751
(=75%) 64 (74.4) 8 (80) 15 (68.2)
Altitude score towards prenatal | \;oo 4 gpy 16.044.0 | 16.4+337 | 16.9+4.1 | 0.606
diagnosis (continuous)
Attitude score towards the Poor attitudes
termination of pregnancy (<75%) 70(81.4) 9(%0) 11 (50) 0.005
Good attitudes ’
(>75%) 16 (18.6) 1(10) 11 (50)
Attitude score towards the
termination of pregnancy Mean + SD 12.3+5.9 10.4+4.4 16.3+6.2 0.008
(continuous)
Overall attitude score E’g% (;)t)tltudes 52 (60.5) 5 (50) 4.(18.2)
Good attitudes 0.002
(=75%) 34 (39.5) 5 (50) 18 (81.8)
Overall attitude score Mean + SD 72.55¢10.7 | 71.3:9.0 | 83.749.2 | <0.001

(continuous)
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Overall practice score Poor practice 44 (52.4) 7 (70.0) 10455
Soodp 0.435
Good practice )
(>75%) 40 (47.6) | 3(30.0) | 12(54.5)

Overgll practice score Mean + SD soe1l " B —

(continuous)

Table (5.19) presents the differences in the characteristics between couples who were married
prior to 2010 and those who were married in or after 2010. The proportion of B-thalassemia
major among new cases was lower. However, the difference was not significant (p-value
=0.122). Furthermore, the educational level at marriage for parents was relatively better,
although the difference was not significant (p-value=0.398).

Comparing of premarital screening, we found that a significantly larger proportion of parents
reported undergoing premarital screening in couples married in or after 2010 (p-value <0.001)
and a larger proportion reported that their test results were positive for thalassemia trait (p-value
<0.001). Furthermore, while among parents who were married prior to 2010 the most common
reason for not performing the premarital screening test was that the test was not obligatory,
most parents who were married in or after 2010 cited other unidentified reasons for not
undergoing the test. In addition, the proportion of parents who had knowledge about
thalassemia prior to having an affected child was significantly higher (p-value <0.001). the most
cited source of knowledge was the educational system followed by relatives among parents
married in or after 2010, while among parents who were married before 2010, relatives were
the most cited source of information about thalassemia.

Comparison of the results of the KAP assessment showed that there were no significant
differences in the KAP scores, although the knowledge score was slightly better among parents
married in or after 2010.

Table (5.19): Association between factors contributing to the continuing emergence of
thalassemia and year of marriage.

Year of Marriage
Variable Before In/After P-
2010 2010 value
N (%) N (%)
Type of locality Rural 27 (61.3) | 10(55.5) | 0.839
Urban 12 (27.3) 5 (27.8)
Camp 5(11.4) 3 (16.7)
Consanguinity Yes 33(75.0) | 10(55.6) | 0.132
No 11 (25.0) | 8(44.4)
Degree of consanguinity First cousins 27 (81.8) 7 (70.0) 0.421
Same family 6 (18.2) 3(30.0)
Family size Mean + SD 6.5£1.91 55+1.32 | 0.062
Number of thalassemia carriers among Mean + SD 1.3+1.4 1+0.8 0.215
children (continuous)
Did you have any miscarriages due to Yes 8 (18.2) 3(16.7) 0.887
thalassemia? No 36 (81.8) | 15(83.3)
Result of premarital screening Carrier 15 (37.5) 12 (40) 0.832
Non carrier 25 (62.5) 18 (60)
Reasons for not doing the test Test was not obligatory | 25 (52.1) 0 (0.0) <0.001
Test not available 14 (29.2) 0 (0.0
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Didn’t know about the 8 (16.7) 2 (33.3)
test
Other reasons 1(2.1) 4 (66.7)
Age at marriage Mean + SD 21.6%5.3 24.445.1 0.008
Education at marriage Primary education 30(34.1) 9 (25.0) 0.398
Secondary education 46 (52.3) | 19 (52.8)
Bachelor and graduate 12 (13.6) 8 (22.2)
studies
Knowledge about thalassemia before the Yes 21(23.9) | 23(63.9) | <0.001
first child was affected No 67 (76.1) | 13(36.1)
Source of knowledge about thalassemia Educational system 6 (28.6) 12 (52.2) | 0.021
Awareness sessions 2 (9.5 0(0.0)
Relatives 13 (61.9) 7 (30.4)
Others 0(0) 4(17.4)
Have you ever received genetic Yes 7(8) 6 (16.6) 0.189
counseling? No 69 (78.4) | 28(77.8)
Don't know 12 (13.6) 2 (5.6)
Family history of thalassemia Yes 15 (17) 7 (19.4) 0.310
No 63 (71.6) | 28(77.8)
Don't know 10 (11.4) 1(2.8)
Family history of thalassemia trait Yes 52 (59) 14 (38.9) | 0.001
No 18 (20.5) | 19 (52.8)
Don't know 18 (20.5) 3(8.3)
Family history of SCA Yes 7(8.0) 2 (5.6) 0.376
No 70 (79.5) | 26 (72.2)
Don't know 11 (12.5) 8 (22.2)

The association between the age at marriage of the parents and the other factors (Table 5.20)
shows that the age of marriage was significantly lower in parents who were related to their
spouses (p-value=0.021). Furthermore, parents who reported not undergoing premarital testing
had significantly lower age at marriage (p-value=0.004). on the other hand, the comparison of

KAP scores showed no significant differences in relation to age at marriage.

Table (5.20): Association between factors contributing to the continuing emergence of

thalassemia and age at marriage.

Age at
Variable Marriage | P-value
Mean + SD

Consanguinity Yes 21.745.2

No 24.1+5.3 0.021
Number of thalassemia carriers among children Pearson’s correlation - 0.157 0.439
(continuous) coefficient (r) ' '
Family size Pears.or.1’5 correlation -0.248 0.115

coefficient (r)
Have you undergone screening before getting Yes 23.645.9 0.004
married? No 20.9+4.1 '
Result of premarital screening Carrier 26.4+6.8 0.004

Non carrier 21.8+4.5 '
Reasons for not doing the test Test was not obligatory 20.4+4.01

Test not available 20.2+4.2

Didn’t know about the 23442 0.058

test

Other reasons 21.4+4.2
Educational level at marriage Primary education or less 20.945.7 0.411

Secondary education 22.8+4.8 '
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Bachelor and more 24.345.9

Knowledge about thalassemia before the first child | Yes 23.145.2 0.283

was affected No 22.0£5.4 '

Knowledge score Inadequate (<75%) 25+5.4 0.081
Adequate (>75%) 21.8+4.8 '

Knowledge score (continuous) Pears_or_l s correlation .0.156 0.305
coefficient (r)

Attitude score towards thalassemia Poor attitudes (<75%) 22.8+4.9 0.352
Good attitudes (>75%) 21.8+4.9 '

Attitude score towards thalassemia (continuous) Pears_or_1 s correlation -0.059 0.268
coefficient (r)

Attitude score towards prenatal diagnosis Poor attitudes (<75%) 21.5+4.5 0.461
Good attitudes (>75%) 22.+#5.03 '

Attltqde score towards prenatal diagnosis Pears_or_l s correlation 0.063 0.487

(continuous) coefficient (r)

Attitude score towards the termination of Poor attitudes (<75%) 22.3+4.8 0.269

pregnancy Good attitudes (>75%) 21.1+5.2 )

Attitude score towards the termination of Pearson’s correlation

. . -0.020 0.262

pregnancy (continuous) coefficient (r)

Overall attitude score Poor attitudes (<75%) 21.9+4.4 0.804
Good attitudes (>75%) 22.145.3 '

Overall attitude score (continuous) Pears_OI} s correlation -0.014 0.073
coefficient (r)

Overall practice score Poor practice (<75%) 21.945.0 0.771
Good practice (>75%) 22.2+4.8 '

Overall practice score (continuous) Pears_OI} s correlation -0.035 0.073
coefficient (r)

Examining the association between educational level at marriage and the other factors (Table
5.21), we found that a significantly high proportion of parents who were first cousins to their
spouses had low educational levels (p-value=0.036). In addition, the lowest proportion of
parents who underwent premarital screening had low educational levels at marriage, although
the difference was not statistically significant (p-value=0.063). furthermore, among KAP
scores, only practice scores showed a significant difference in relation to educational level at
marriage. Unexpectedly, parents with high educational levels had the lowest practice scores
(2.9£1.1) while parents with intermediate levels of education at marriage had the best practice

scores (3.60.9).

Table (5.21): Association between factors contributing to the continuing emergence of
thalassemia and level of education at marriage.

Education at Marriage
Variable Primary Secondary Bachelor P-value
education . degree
education
or less or more
Consanguinity Yes 31(79.5) | 41(63.1) | 14(70.0) 0.213
No 8 (20.5) 24 (36.9) 6 (30.0)
Degree of consanguinity First cousins 29 (93.5) | 30(73.2) 9 (64.3) 0.036
Same family 2 (6.5) 11 (26.8) 5 (35.7)
Family size Mean + SD 7+1.6 6.08+1.7 5.2+1.6 <0.001
Number of thalassemia carriers | Mean £ SD 1.5%1.3 1.1+1.3 0.9£1.0 0.142
among children (continuous)
Age at marriage Mean = SD 20.945.7 22.8+4.8 | 24.315.9 0.059
Did you have any miscarriages | Yes 7(17.9) 12 (18.5) 4 (20.0) 0.981
due to thalassemia? No 32(82.1) | 53(81.5) | 16(80.0)
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Reasons for not doing the test Test was not 12 (52.2) 10 (41.7) 3 (42.9) 0.373
obligatory
Test not available 4(17.4) 8 (33.3) 2 (28.6)
Didn’t know about 5(21.7) 5 (20.8) 0 (0.0
the test
Other reasons 2 (8.7 1(4.2) 2 (28.6)
Knowledge about thalassemia Yes 12 (30.8) | 23(35.4) 9 (45.0) 0.557
before the first child was No 27 (69.2) | 42(64.6) | 11(55.0)
affected
Source of knowledge about Educational system 3 (25) 10 (43.5) 5 (55.6) 0.336
thalassemia Awareness sessions 1(8.3) 1(4.3) 0(0.0)
Relatives 5(41.7) 11(47.8) | 4(44.4)
Others 3(25.0 1(4.3) 0(0.0)
Have you ever received genetic | Yes 4(10.2) 6 (9.2) 3 (15.0) 0.755
counseling? No 29 (74.4) 52 (80) 16 (80.0)
Don't know 6 (15.4) 7 (10.8) 1(5.0)
Knowledge score Inadequate (<75%) 2 (5.3) 4 (6.6) 2 (10.5) 0.754
Adequate (>75%) 36 (94.7) | 57(93.4) | 17(89.5)
Knowledge score (continuous) Mean + SD 8.2+ 0.7 8.02+0.9 8.2+0.9 0.457
Attitude score towards Poor attitudes 7(18.4) 13 (21.3) 7 (36.8) 0.271
thalassemia (<75%)
Good attitudes 31(81.6) | 48(78.7) | 12(63.2)
(>75%)
Attitude score towards Mean £ SD 45.614.0 45.615.0 | 44.245.3 0.485
thalassemia (continuous)
Attitude score towards prenatal | Poor attitudes 11 (28.9) 16 (26.2) 4(21.1) 0.816
diagnosis (<75%)
Good attitudes 27 (71.1) | 45(73.8) | 15(78.9)
(=75%)
Attitude score towards prenatal | Mean = SD 15.914.0 16.3+4.1 | 16.4+3.7 0.875
diagnosis (continuous)
Attitude score towards the Poor attitudes 32 (84.2) 45 (73.8) | 13 (68.4) 0.336
termination of pregnancy (<75%)
Good attitudes 6 (15.8) 16 (26.2) 6 (31.6)
(=75%)
Attitude score towards the Mean + SD 11.645.6 13.5+6.2 | 13.3%6.3 0.300
termination of pregnancy
(continuous)
Overall attitude score Poor attitudes 24 (63.2) | 26(42.6) | 11(57.9) 0.116
(<75%)
Good attitudes 14 (36.8) | 35(57.4) 8 (42.1)
(=75%)
Overall attitude score Mean + SD 73.1+£9.4 | 7554119 | 74+12.2 0.583
(continuous)
Overall practice score Poor practice (<75%) | 25(67.6) | 23(38.3) | 13(68.4) 0.006
Good practice 12 (32.4) | 37 (61.7) 6 (31.6)
(=75%)
Overall practice score Mean + SD 3.0+0.9 3.6+0.9 2.9+1.1 0.004

(continuous)
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Chapter Six

Discussion, Conclusions, Limitations and Recommendations

In this chapter, we analyze the findings of this study to offer comprehensive insights and
draw meaningful conclusions from our research.

6.1 Discussion

Thalassemia, a group of hereditary blood disorders characterized by abnormal hemoglobin
production, poses a significant global health challenge. The management of B-thalassemia
syndrome poses a significant challenge to healthcare systems worldwide. This hereditary
blood disorder necessitates lifelong care, including regular blood transfusions and iron
chelation therapy, to alleviate severe anemia and iron overload. Such intensive and costly
treatments place substantial burdens on healthcare resources and infrastructure.
Furthermore, the management of -thalassemia often extends beyond clinical care, involving
psychological and social support for patients and their families due to the chronic nature of
the disease. Coordinating these various aspects of care, ensuring accessibility to specialized
treatment centers, and addressing the financial strain on healthcare budgets are just a few of
the challenges that healthcare systems must confront in their efforts to provide
comprehensive and effective management of 3-thalassemia syndrome.

Over the years, substantial research efforts have been dedicated to understanding and
preventing thalassemia, yet its prevalence continues to persist, specifically in low-resource
countries, where the incidence of thalassemia is highest.

Although in the recent years the incidence of thalassemia had significantly dropped,
especially after implementing the obligatory premarital screening program in Palestine in
2010, data from the TPFS showed that in the West Bank, 77 new cases have been registered
between 2010 and 2022. In this study, we aim to investigate the factors contributing to the
continuous emergence of thalassemia in the West Bank despite the obligatory premarital
screening program and the efforts to improve awareness towards thalassemia.

Although the premarital screening program was established by the TPFS in September 2000,
we have set 2010 as the starting point in our investigation, and thus included patients who
were born after that. This is because at the time, of introducing the program, the test was not
available in the Ministry of Health (MoH), and couples were only advised against marriage
if they were both thalassemia carriers. However, in 2010, the superior legitimate judge in
Palestine adopted the implementation of premarital tests for B-thalassemia as an obligatory
step before any proposed couple can be issued with a marriage certificate and the MoH
started to provide the test for all couples free of charge.

6.1.1. Characteristics of Thalassemia Patients Born After 2010

We have included all registered patients in the West Bank whose parents accepted to
participate in the study. Out of 77 identified patients, 69 patients (89.6%) took part in the
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study. These children were from 62 families. The patients' ages ranged from 0 to 13 years,
with a mean of 7.8+3.3 years. The largest proportion of cases were in the oldest age group
(10-13 years) indicating that the incidence of thalassemia is still decreasing. Furthermore,
the majority of patients included in this study were from the northern region of the West
Bank, indicating that the incidence is highest in this region.

Comparing the characteristics of patients in our study to those of the general characteristics
of thalassemia patients in Palestine, we have found that the characteristics of newly emerging
cases reflect the characteristics of the population of thalassemia patients; however, we were
not able to include patients from Gaza Strip in this study. Based on a previous description of
thalassemia patients in Palestine, the northern region, specifically Nablus governorate, was
reported to have the highest prevalence of thalassemia (Aldwaik et al., 2021). Regional
disparities highlight the need for targeted interventions and healthcare resources in the areas
with a higher prevalence of thalassemia.

The study included patients with a variety of forms of thalassemia including B-thalassemia
major, B-thalassemia intermedia, sickle cell thalassemia, and two cases of hemoglobin SC
disease. Hemoglobinopathies, including thalassemia, sickle cell disease, and hemoglobin C
disease are known to be common inherited illnesses in most Arab nations, with varied
prevalence rates and molecular characterization. B-thalassemia is found in polymorphic
frequencies in almost all Arab countries, with carrier rates ranging from 1 to 11% and various
numbers of mutations (H. A. Hamamy & Al-Allawi, 2013).

Complex thalassemias resulting from defective production of different globin chains further
complicate the management and prevention of the disease. In Palestine, it is estimated that
approximately 3-4% of the Palestinian population are thalassemia carriers, (Al Sabbah et al.,
2017; Darwish, El-Khatib, & Ayesh, 2005) and up until 2018, the Thalassemia Patients'
Friends Society (TPFS) data reported a total of 847 symptomatic thalassemia patients in the
West Bank and Gaza Strip (Aldwaik et al., 2021). Furthermore, it is estimated that up to
1.2% of Palestinians are carriers of the sickle cell trait (Samarah et al., 2018).

Examining the clinical characteristics of the patients, the mean age at diagnosis was
14.5+18.7 months ranging between (0-96) months. This indicates that thalassemia is being
diagnosed at various ages, with some cases identified early in infancy and others not until
later in childhood. Since this study included patients with B-thalassemia major, sickle cell
thalassemia, B-thalassemia intermedia, and hemoglobin SC disease, the wide range of age at
diagnosis could be a result of the variation in the type and severity of the mutations that
cause the disease. However, the relatively high mean age at diagnosis suggests also that there
could be delays or challenges in the early detection and diagnosis of thalassemia in our study
population. In the management of thalassemia, early diagnosis is crucial for timely
interventions and late diagnosis can lead to delayed treatment initiation, which can have
negative implications for the affected individuals, including delayed access to necessary
medical care and potential complications.

Compared to our study population, an Indian study reported that the mean age at presentation
of un-transfused children was 13.2+9.7 months (Trehan, Sharma, Das, Bansal, & Marwaha,
2015). However, the average age at diagnosis of B-thalassemia in a Pakistani study was 5
months (S. Ahmed et al., 2021) another Indian study reported an age at diagnosis of 0-6
months in 63% of cases, 7-12 months in 27%, and up to 3 years in 10% (Singh, Mitra, Kaur,
& Bhardwaj, 2019). In addition, Cao et al. reported that the mean age at presentation to be
8.4+9.1 months (Cao & Galanello, 2002). Trehan et al. also found that a minor proportion
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(2.5%) were diagnosed before the age of 3 months, while 2.7% were diagnosed after the age
of 2 years. However, their findings showed that the majority of infants with transfusion-
dependent thalassemia were diagnosed within their first year of life (Trehan et al., 2015).

The majority of patients had O (30.4%) and A (29%) blood types, followed by B (15.9%)
and only 5.8% had AB blood type. Compared to our findings, blood group analysis of the
patients in a study conducted in Nablus showed that A blood type was the most prevalent
blood group type (54.9%), followed by blood group O (29.2%), B (7.1%) and AB (8.8%)
(Sawalha, Jodeh, Helo, & Sweileh, 2017). Furthermore, another study showed that the most
frequent blood type among Palestinian thalassemia patients were A (40.5%) followed by O
(37.7%), B (16.3%), and AB (5.6%) (Abu Taha et al., 2019). Understanding the distribution
of blood types among thalassemia patients helps healthcare providers ensure a sufficient
supply of compatible blood for transfusions and highlights the need for blood donor
recruitment and education about blood compatibility in the population. Moreover, more than
90% of the patients in this study has previously been transfused and 76.8% were transfusion
dependent.

Compared to healthy individuals, thalassemia patients have distinct hematological
parameters, including low levels of erythrocytes and Hb and elevated ferritin levels (Alsaeed
et al., 2018). Based on the results of the hematological assessment of the patients, we found
that the majority of the patients (94%) had low hemoglobin levels (<10.3 g/dL). Considering
that most patients are transfusion dependent, the observed levels of hemoglobin might
indicate the need for better management of blood transfusion as the mainstay treatment for
thalassemia patients. Transfusion therapy aims to maintain an adequate level of Hb and
improve the overall well-being of patients. Close monitoring of Hb levels is essential to
adjust transfusion schedules and ensure optimal disease management. Similarly, low
hemoglobin levels were reported among thalassemia patients in Palestine (Aldwaik et al.,
2021; Ayyash & Sirdah, 2018).

6.1.2. Factors Contributing to the Continuing Emergence of Thalassemia Cases in the
West Bank

Although more than a decade has passed since the obligatory premarital screening program
was put in place, new cases of thalassemia are still born. Several factors that could
influence the outcomes of the thalassemia prevention program. Multiple social factors,
beliefs, and personal decisions in addition to certain genetic abnormalities that lead to failure
in detecting carriers could potentially explain why new cases of thalassemia major continue
to be born (LIPKIN Jr et al., 1986). For instance, consanguineous marriages, low literacy
rates, and low socioeconomic status are all common sociodemographic factors in developing
countries that contribute significantly to the continuing emergence of new B-thalassemia
major cases (Al Sabbah et al., 2017). Moreover, genetic factors, such as a mutation in the
promoter region of B-globin gene or the locus control region (LCR), result in no detectable
increase in HbA2 levels and near-normal CBC findings. These mutations have the tendency
to give false negative results, making B-thalassemia carriers difficult to identify(Swee Lay
Thein & Rees, 2015). Understanding these factors is important to understand how to further
prevent thalassemia.
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6.1.2.1. Factors related to premarital screening, prenatal diagnosis, and genetic
counseling

B-thalassemia is a hereditary disorder that poses a significant health challenge in Palestine.
The national thalassemia prevention strategy focuses of the prevention of thalassemia at two
levels. The first level focuses on the prevention of marriage between carriers through
premarital screening and public awareness. Screening for genetic diseases like thalassemia
aims to identify individuals at higher risk and provide them with information about their own
health, future health, and the potential health of their offspring (Mennuti, 2008). The second
level focuses on the prevention of the birth of new cases through prenatal diagnosis and
medical abortion of affected fetuses.

In our study, we have found that only 56.5% of the parents had undergone screening before
marriage. Of those who had undergone testing, only 38.5% reported being diagnosed as
thalassemia carriers. Furthermore, we have found that a substantial increase in the
percentage of couples who underwent premarital testing among those who got married in or
after 2010, rising from 45.5% before 2010 to 83.3% after 2010. Among parents who were
married prior to 2010 the most common reason for not performing the premarital screening
test was that the test was not obligatory, while most parents who were married in or after
2010 cited other unidentified reasons for not undergoing the test. Additionally, we have
found that the proportion of B-thalassemia major among cases emerging after 2010 was
lower among couples who got married in or after 2010. Parents may refuse thalassemia
testing out of fear of being diagnosed and subsequently facing discrimination and stigma,
which is a cause for concern. In addition, some families might ignore the legislations in favor
of their cultural beliefs.

To further detect gaps in the premarital screening test as a preventive strategy, we have
examined the self-reported results of premarital screening test against medical diagnosis of
the children (Table 5.7). Based on the screening strategy, all couples planning to marry have
to provide a blood sample in a certified laboratory. Complete blood count (CBC) including
hemoglobin, red cell count, hematocrit, mean corpuscular volume (MCV), and red cell
distribution width is performed. If the MCV was <80 fL, the individual will be referred for
hemoglobin electrophoresis. If one of the partners performed the test and had a normal MCV,
then the other partner is not required to perform the test. If both partners had abnormal
results, the couple would not receive a marriage license, and the marriage cannot be
registered legally.

Among 62 couples, a total of 24 partners were not tested before marriage (38.7%), 22
(91.7%) of which were married before 2010. Nineteen families (79.2%) of these families
had children with B-thalassemia major, 3 (12.5%) had children with sickle cell thalassemia,
and 2 (8.3%) had children with thalassemia intermedia. In comparison, 32 partners reported
being both tested, among which 6 (18.8%) reported being both carriers and 12 (37.5%)
reported being both non-carriers. Among those who reported both being carriers, 4 (66.7%)
were married before 2010, 4 (66.7%) had children with B-thalassemia major, and 2 (33.3%)
had children with sickle cell thalassemia, indicating that those parents were carriers of both
traits (thalassemia and sickle cell).

On the other hand, based on the testing strategy, if one partner tested normal (non-carrier),
then the other partner is not required to undergo the test. In this study, we have identified 5
couples where one partner reported being non-carrier and the other partner was not tested.
Among those, 3 couples (60%) had children with B-thalassemia major, one couple (20%)
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had children with sickle cell thalassemia, and one couple (20%) had children with
hemoglobin SC disease. In addition, 14 partners reported that both parents were tested, and
the results indicated that one of them tested as carrier while the other was non-carrier. Among
those 14 partners, 9 (64.3%) had children with B-thalassemia major, 3 (21.4%) had children
with sickle cell thalassemia, and 2 (14.3%) had children with -thalassemia intermedia.

Although the numbers are small and the proportion of those who did not perform the test
was quite large and might have affected the interpretation of the data, we may conclude that
the testing strategy needs to be reevaluated in order to improve the efficiency of the
thalassemia prevention program and achieve better results. First, the MCV should not be the
only indicator to consider in the premarital testing program, especially considering the
relatively high prevalence of sickle cell trait in Palestine (Samarah et al., 2018). Our analysis
could further support this conclusion by the fact that the hematological assessment of 62
parents showed that 11 parents (17.7%) were carriers of the sickle cell trait based on the
results of hemoglobin electrophoresis, of which 3 (27.3%) had normal MCV. Therefore,
considering the limitations of MCV as a standalone indicator for diagnosing
hemoglobinopathies other than thalassemia, it is recommended that both partners undergo
the screening which should include other tests such as the hemoglobin electrophoresis and
the peripheral blood film for red blood cell morphology. This comprehensive approach is
necessary to avoid overlooking potential double heterozygous conditions, such as
thalassemia combined with sickle cell disease or hemoglobin C. By conducting hemoglobin
electrophoresis and assessing the levels of HbA2, a more accurate diagnosis can be achieved,
leading to appropriate management and genetic counseling for the individuals involved.
Quantitative determination of hemoglobin A2 (HbAZ2) is the most valuable test for detecting
B-thalassemia carriers. Hemoglobin analysis reveals an increase in HbF and HbA2 levels in
typical B-thalassemia carriers. The prevalence of HbA2 among p-thalassemia carriers ranges
between 3.6% and 7%, while values between 3.2% and 3.6% are considered borderline and
require further investigation, especially in young subjects or high-risk couples (Brancaleoni
et al., 2016). An assessment of the Saudi Premarital Screening Program, which is a
mandatory national premarital screening program that to provides testing and counseling
services to all potential couples based on the results of a number of hematological procedures
including complete blood count, peripheral blood film for red blood cell morphology, and
sickling test and depending mainly on hemoglobin electrophoresis, showed that after two
years of the initiation of the program, the program’s objective of decreasing high-risk
marriages was not as successful. However, the in this program, high risk couples (both
members of the potential couple were found positive for sickle cell trait/disease and/or
thalassemia trait/disease) had the right to marry regardless of the screening test results but
they were required to visit a genetic counseling clinic and followed up (Alhamdan et al.,
2007).

Second, comparison between the self-reported results of the premarital screening test and
the results of the hematological assessment that we conducted for 62 parents, we have found
that there were 24 discrepancies in the results of both tests for those who had both performed
(total =32 parents). The accuracy and reliability of screening tests for thalassemia trait are
influenced by a range of factors that must be carefully considered. First and foremost is the
choice of screening test itself, as different methods may vary in sensitivity and specificity.
Patient factors including certain medical conditions such as anemia of chronic disease or
coexisting hemoglobinopathies, may interfere with the interpretation of screening tests.
Variability in laboratory techniques and equipment can also introduce discrepancies in
results. Furthermore, the genetic diversity within populations can affect the performance of
screening tests, as the prevalence of specific thalassemia mutations varies in different
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regions. Additionally, considering that the complete blood count can be performed in any
medical laboratory, falsified reports might be easily fabricated. Therefore, a comprehensive
approach to thalassemia screening must account for these factors to ensure accurate results
and appropriate follow-up, including certifying designated receptions centers, where trained
staff perform and interpret the results in accordance with standard laboratory diagnostic
protocols, availability of lab reagents and equipment in all assigned laboratories is treated as
a priority, and staff receive continuous training and supervision, and special training sessions
when necessary.

These findings do not only emphasize the importance of the premarital screening programs,
but also stress the need for accurate diagnostic tests such as hemoglobin electrophoresis to
identify carriers and provide appropriate counseling and preventive measures. Therefore, we
should take into consideration to expand the premarital screening program and revise the
screening criteria to be able to detect other hemoglobinopathies such as the sickle cell trait.
In addition, the criteria for screening for the f-thalassemia trait should be revised in order to
reduce false negative results. Moreover, the contribution of molecular factors to the
emergence of new cases of thalassemia should be thoroughly investigated.

Furthermore, although the implementation of of such a screening strategy might appear to
be quite expensive, considering the high financial, social, and psychological cost of
maintenance of patients with these illnesses, prenatal and neonatal screening programs for
hemoglobinopathies have been considered cost-effective in populations with a high
prevalence (Ahmadnezhad et al., 2012; Almeida, Henthorn, & Davies, 2001; Caughey,
2005).

Third, genetic counseling and prenatal diagnosis is crucial for individuals and couples
affected by thalassemia. However, in our study, only 10.5% of parents had received genetic
counseling. This finding highlights the need to increase awareness and accessibility to
genetic counseling services to empower individuals with information about the disorder and
their options for prevention and treatment. Furthermore, it is essential to develop culturally
sensitive counseling approaches that respect individuals' cultural, religious, and ethical
perspectives. To be effective, services for thalassemia must be sensitive to cultural practices
and suitable for the particular social context. Counseling must also be sensitive to the
individual's or couple's cultural, religious, and ethical perspectives. The success of genetic
counseling is critically dependent on its educative, voluntary, and nonmandatory nature
(Cohen-Kfir et al., 2020). In this study, most of the marriages resulting in new cases of
thalassemia (71.0%) occurred before 2010. Furthermore, seven families had more than one
thalassemic child born after 2010, three of these families were married before 2010. We have
also found that among families married before 2010, 40.9% had other thalassemic children
that were born prior to 2010. Moreover, undergoing prenatal diagnosis was reported only
during the pregnancy of six of the 69 cases (8.7%) despite the availability of the test.
Together, these data provide evidence that old marriages are the main cause of emerging
cases of thalassemia. This indicates the need for a new strategy to prevent thalassemia that
target these families.

In our study, a significant proportion of parents (92.4%) were aware of the importance of
prenatal diagnosis when both parents are carriers. However, prenatal diagnosis was only
performed in a small proportion of the cases (n=6; 8.7%) despite the test availability. In
addition, 19.4% of the families had history of abortion due to thalassemia. This highlights
the need for educational interventions to emphasize the significance of prenatal diagnosis in
high-risk couples. Furthermore, although prenatal diagnosis is available, facilities for

69



premarital and prenatal diagnosis, along with genetic counseling services, play a crucial role
in reducing the number of infants born with thalassemia major (Cao, Galanello, Rosatelli,
Argiolu, & De Virgiliis, 1996; Cao, Saba, Galanello, & Rosatelli, 1997; George, 2001).
Therefore, investigating the accessibility and capacity of these facilities is crucial.

On the contrary, most of the respondents (84%) in a Pakistani study disagreed that prenatal
diagnosis should be performed in such cases (Ebrahim et al., 2019). Furthermore, a previous
study investigated the factors that influence the choice of parents to give birth to a fetus
affected by thalassemia in the West Bank and reported that religious beliefs were the most
reported reason and that mothers with lower educational level were more likely keep an
affected fetus (Al Sabbah et al., 2017). Another study that assessed the attitudes of couples
toward prenatal diagnosis and its outcomes as a preventive method reported good
acceptability for prenatal diagnosis in B-thalassemia afflicted families and that prenatal
diagnosis was effective as all couples with affected fetuses opted for abortion (Ayesh et al.,
2005). On the other hand, an overwhelming majority of parents among Pakistani study,
chose not to go for CVS , and a similar number as well, did not know whether to choose
abortion if the CVS test was positive (Naseem Ahmed et al., 2020).

Despite the apparent gaps in the screening strategy, we have found that the proportion of -
thalassemia major among the new cases was lower by 20% in families that married in or
after 2010. In addition, the proportion of parents who underwent premarital screening was
significantly higher among couples married in 2010 or after (83.3% compared to 45.5%; p-
value <0.001).

6.1.2.2. Sociodemographic and cultural factors

The majority of families in this study (59.7%) lived in rural areas and were from the northern
region of the West Bank. In addition, the proportion of families from the northern region
who were living in rural areas was significantly higher (p-value=0.016). The northern region
has the highest prevalence of thalassemia (Aldwaik et al., 2021) and the largest proportion
of new cases.

Our results showed that only 45.9% of the parents living in rural areas had undergone
premarital testing compared to 76.5% in urban areas and 62.5% in refugee camps. Rural
populations tend to have less access to healthcare services and are more likely to be
uninsured compared to urban populations. They also receive certain forms of healthcare,
such as tests for chronic conditions, at a lower rate (Aljassim & Ostini, 2020). The majority
of services, including office visits and consultations, imaging services, and diagnostic
testing, are utilized less frequently in rural areas than in urban areas. In addition, social
stigma and religious beliefs have been identified as barriers to premarital screening in some
communities (Alkalbani et al., 2022; Loftus, Allen, Call, & Everson-Rose, 2018). These
factors highlight the importance of considering cultural and socioeconomic factors when
implementing thalassemia prevention programs and emphasize the importance of
considering the rural-urban divide in the context of thalassemia management and healthcare
planning, as well as in the improvement of prevention strategies to target these communities.

In line with our findings, a study conducted in Pakistan reported that a significant proportion
(70%) of B-thalassemia patients' families were from rural areas (Shahzad, Rafig, Ullah,
Asad, Ahmad, & Waheed, 2017). On the contrary, a study conducted in India showed that
43% of patients were from rural areas and 57% were from urban areas (Singh et al., 2019)
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while another study conducted in Bangladesh reported that 71.67% of the patients were from
urban areas and 28.33% were from rural area (Mahzabin, 2022).

Variation in income levels highlight the socioeconomic factors that influence thalassemia
management and access to healthcare services. It is well-known that income and factors
associated with income have an influence on health outcomes (USDDS, 2020). Research has
indicated that individuals from low-income areas are less likely to adhere to stay-at-home
directives, potentially due to the need for continuous income, job requirements, or the
inability to forgo income (Chiou & Tucker, 2020). Furthermore, income has a significant
influence on perceptions of healthy behavior information and high income may provide
individuals with better access to information and resources, which can positively influence
attitudes and knowledge related to health issues (Fink, Zabawa, & Chopp, 2020).

The majority of families (88.7%) in our study had a middle-income level and were owners
of their houses. In fact, the majority of the Palestinian society is have middle income level
and reside in housing units owned by one of their members, with variations among urban
areas, rural areas, and refugee camps (“Palestinian Central Bureau of Statistics,” 2018).
Similarly, a study conducted in India showed that the majority of parents of thalassemic
patients belonged to the middle class (Singh et al., 2019). However, another Indian study
reported different income distribution, with 71.0% belonging to low-income, 25.5% to
middle-income, and 3.5% to high-income families (Safdar et al., 2017). Another study
conducted at Pediatric OPD of Civil Hospital Karachi indicated that a significant proportion
of parents of thalassemia patients had a low socioeconomic status (Arif, Fayyaz, & Hamid,
2008).

We have further found that the mean age at marriage for those who had undergone a
premarital test was 23.6 years, compared to 20.9 years for those who had not. This suggests
that older couples had a better understanding and awareness of the chronic nature of
thalassemia, which prompted them to seek screening for the disease.

Tribalism and consanguineous marriages are prevalent in regions with a high prevalence of
B-thalassemia mutations (S. Denic, Aden, Nagelkerke, & Essa, 2013). Arab countries have
some of the highest rates of consanguinity in the world (Tadmouri et al., 2009). The most
important factors that contribute to the high prevalence of consanguineous marriages in these
regions are cultural and racial factors, as well as a lack of knowledge about the serious
consequences of consanguineous marriages (Karimzaei et al., 2015).

In this study, consanguinity was found in 69.4% of families, with 79.0% being first cousins.
Furthermore, rural areas in this study were found to have the highest proportion of
consanguineous marriages, especially among first cousins. However, comparing the
characteristics of families married before 2010 and families married in 2010 or after, we
have found that the proportion of consanguinity dropped from 75.0% to 55.6%, although the
difference was not significant. Also, marriage between first cousins was less common
dropping from 61.4% to 38.9%.

Our results align with a Pakistani study where 72% of parents of thalassemia patients were
first cousins and 10% were close or distant blood relatives (Aslamkhan et al., 2023).
Similarly, in India, consanguineous marriages were found in 81.7% of the families (Ishaq et
al., 2012). These findings highlight the cultural practices and genetic factors contributing to
the prevalence of thalassemia in certain populations. Similar patterns of consanguinity have
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been observed in other regions, such as India and Oman, where first-cousin marriages are
prevalent (Islam, 2012).

In this study, we found that the mean age at marriage among fathers was 25.4+5.3 years
ranging from 16-43 years and among mothers was 19.5+3.5 years ranging from 14-33 years.
We have also found that the mean age at marriage for consanguineous marriages was 21.7
years, while for non-consanguineous marriages, the mean age at marriage was 24.1 years.
This indicated that consanguinity is more prevalent among younger couples due to social
and cultural beliefs that persist among Palestinians. Despite the laws that forbid the marriage
of minors, some families exploit religious laws that allow for earlier age at marriage and
arrange for their daughters to marry in religious ceremonies, postponing their official
registration until they reach the legal age. In addition to being illegal, this practice deprives
the bride of any legal rights to inheritance, alimony, or child support in case the spouse dies
prematurely or abandons their underage bride. A previous study on age at first marriage in
Palestine revealed that the age at first marriage increased in the years 1999-2003, with a
median age of 19.6 years in 2003 (Abu-Rmeileh & Larsun, 2008).

Our study has also shown that there was a significant association between the degree of
consanguinity and education at the time of marriage (p=0.037). This suggests that
individuals with different educational levels may have varying attitudes and practices
regarding consanguineous marriages.

6.1.2.3. Beliefs and personal decisions

In this study, only 35.5% of the parents reported having knowledge about thalassemia before
having their first child affected. Yet, the proportion of parents who had knowledge about
thalassemia prior to having an affected child was significantly higher among couples married
in or after 2010 (p-value < 0.001). Moreover, the sources of this knowledge were different
among those couples, the most common being the educational system. In addition, 18.5% of
the parents who did not undergo premarital screening reported not knowing about the test as
the main reason.

These findings show that the implementation of screening programs requires informing all
engaged couples about the necessity of premarital screening and ensuring that they undergo
the screening process. In addition, the educational system, coupled with the continued
awareness-raising efforts regarding thalassemia, could have a positive impact on the
population's understanding of chronic diseases such as thalassemia and their compliance
with prevention programs.

On the other hand, assessment of the level of knowledge showed that the majority of parents
(93.2%) in this study demonstrated adequate knowledge towards thalassemia with a mean
score of 8.1+0.9. These knowledge scores provide valuable insights into how Palestinian
parents perceive thalassemia. It is encouraging to note that the majority of parents exhibited
adequate knowledge as parents who understand the nature of thalassemia are more willing
to test their other children for carrier identification than those who are still unaware of the
nature of the fatal disease their child is suffering from.

On the contrary, a study conducted in Bangladesh reported that only 18.2% of respondents
possessed adequate knowledge, indicating the need for further awareness efforts (Alam et
al., 2022). Similarly, an Indian study found that 57.9% of participants had adequate
knowledge of thalassemia (Basu, 2015). On the other hand, studies conducted in Iran showed
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that only 12.17% and 14.7% of Iranians had adequate knowledge about the disorder (Pauisri,
Saksiriwuttho, & Ratanasiri, 2011; Seyam & Assemi, 2010).

Furthermore, no statistically significant differences were observed in knowledge between
mothers and fathers. Similarly, a study conducted at a thalassemia center in Karachi
(Maheen, Malik, Siddique, & Qidwai, 2015).

This study showed that most of the respondents were aware of the role of consanguineous
marriages in the transmission of genetic disorders to the upcoming generation.
Consanguineous marriages are encouraged by culture. Scientific evidence indicates that such
unions result in genetic abnormalities in the offspring (Srdjan Denic, Agarwal, &
Nagelkerke, 2012). In comparison, about half of the participants in a study conducted in
Pakistan's urban areas were reported to be aware of the significance of consanguineous
marriage (Ebrahimetal., 2019) and According to another study conducted at the thalassemia
center of Kerachi, Pakistan, 71% knew that intermarriage was a significant risk factor
(Maheen et al., 2015).

While the majority of parents demonstrated adequate knowledge about thalassemia, there
were certain aspects that were less familiar to our participants, specifically information
pertaining to the curability of thalassemia. Therefore, efforts should be made to address these
gaps in knowledge and provide accurate information about the management and treatment
options for thalassemia. Similar findings were reported in a study conducted in the urban
population of Karachi, Pakistan, where a significant proportion of unknown information was
related to curability (28.89%) (Ebrahim et al., 2019). Another study conducted at a tertiary
care hospital in Kolkata revealed that the majority of unknown information also pertained to
curability (Basu, 2015).

Despite the majority of parents demonstrating adequate knowledge about thalassemia, only
48.3% exhibited overall positive attitudes towards the condition, with a mean score of
74.5£11.1%. Regardless, the majority of our respondents (77.1%) displayed good attitudes
towards thalassemia prevention. For instance, most parents (96.7%) agreed or strongly
agreed that there is a need to prevent thalassemia. Similarly, several studies conducted in
India among general population, in Myanmar among mothers of patients at Children's
Hospital and in Iran among high school reported positive attitudes towards thalassemia (Han,
Han, & Myint, 1992; Miri-Moghaddam et al., 2014). Furthermore, an Indonesian study
found that 83.3% of students in a university in West Java, Indonesia exhibited positive
attitudes towards thalassemia (Wahidiyat et al., 2021). Another study conducted in Myanmar
reported that 67% to 99% of respondents were in favor of limiting thalassemic offspring
(Han, Han, & Myint, 1992).

Our findings showed also that a high percentage of parents (98.4%) strongly agreed or agreed
on the importance of premarital testing before marriage. This finding aligns with an Indian
study where all participants were aware of the importance of premarital counseling (Han,
Han, & Myint, 1992; Kalra, Kaur, Sodhi, & Kaur, 2019). Similarly, a study conducted in
Pakistan indicated that respondents were well-informed about premarital screening(Shahzad
etal., 2017). Another Malaysian study also revealed that the majority of participants (90.6%)
believed that premarital screening for thalassemia is essential for the general population (L.
P. Wong, George, & Tan, 2011). Similarly, a study conducted at a thalassemia center in
Karachi found that the majority of parents (66.2%) were aware of premarital screening, while
a smaller proportion (36%) were aware of prenatal diagnosis (Naseem Ahmed et al., 2020;
Kosaryan, Vahidshahi, Karami, Forootan, & Ahangari, 2007).
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Implementing mandatory national premarital screening programs and screening young and
unmarried women for carrier detection have been shown to significantly reduce the
incidence of infants born with thalassemia in various countries (Charafeddine et al., 2008;
Memish & Saeedi, 2011; Rahman, Naznin, Giti, Islam, & Khatun, 2014; Toman, Nasir,
Hassan, & Hassan, 2011; Zlotogora, 2009). An encouraging finding in this study was that
all participants strongly agreed or agreed on the need for legislation mandating premarital
testing. Similarly, a substantial proportion of respondents in a study conducted at a
thalassemia center in Karachi (53.7% agreeing and 31.8% strongly agreeing) supported the
use of legislation to promote the use of premarital screening (Naseem Ahmed et al., 2020).
Pakistani families also held a favorable view of the implementation of premarital screening
legislation(Shahzad et al., 2017). However, despite the positive attitude towards premarital
screening legislation, it is important to note that the participants of this study are parents of
thalassemic children. A large proportion of these parents (29%) have married despite a
legislation being in place and 16.7% of which reported not undergoing premarital testing
despite the legislation in 2010.

Social stigma and religious beliefs are known to influence screening decisions and attitudes
towards thalassemia (S. Ahmed et al., 2006). In our study, 51.7% of respondents strongly
agreed or agreed that there is a social stigma associated with thalassemia. This finding holds
significance in our society, where consanguineous marriages are culturally preferred.
Despite efforts to eradicate these practices deeply rooted in our culture, the risk of
asymptomatic carriers and the birth of affected children remains significant in families with
thalassemia patients. Promoting awareness and encouraging premarital screening can play a
significant role in preventing the spread of the disease.

The significance of prenatal diagnosis of B-thalassemia in reducing the incidence of [-
thalassemia is growing rapidly. Research has demonstrated the significance of offering
prenatal diagnosis to women/couples at risk of having a fetus with clinically significant
thalassemia or other hemoglobinopathies (Agarwal et al., 2003). In our study, a majority of
parents (83.1%) expressed willingness to undergo prenatal diagnosis if accessible. Several
studies reported wide support of prenatal diagnosis among participants (Basu, 2015; Han,
Han, & Myint, 1992; Miri-Moghaddam et al., 2014). However, religious beliefs and societal
factors may make it challenging for individuals to pursue therapeutic abortion following a
positive prenatal diagnosis, despite such services being available (S. Ahmed, Green, &
Hewison, 2006). Therefore, some couples might opt to skip the test in this case. Our study
showed that only 6 mothers (8.7%) reported undergoing chorionic villous sampling (CVS)
during their pregnancy with the child.

Regarding attitudes towards termination of pregnancy, approximately half of the participants
strongly agreed or agreed with the idea of termination. This finding aligns with the majority
of other studies, including those conducted in Thailand (88%), Myanmar (70%), and
Malaysia (36%), where participants believed that abortion was preferable to a child's lifelong
suffering (Ishag et al., 2012; L. P. Wong, George, & Tan, 2011). However, a study conducted
by Ebrahim et al. found that only 2.3% of participants were in favor of terminating a
pregnancy if the fetus was known to have thalassemia major (Ebrahim et al., 2019; Han,
Han, & Myint, 1992). In contrast, an Indian study found that 92% of parents were willing to
terminate a thalassemia-affected pregnancy (Singh et al., 2019).

Although knowledge plays an essential role in the success of prevention programs, it is
important to consider the beliefs and preferences of individuals to predict behavior.
Considering the diversity of religious perspectives on the termination of fetuses, we can
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conclude that cultural beliefs and misinterpretation of religious commands against
termination of pregnancies with thalassemia contribute to the prevalence of thalassemia in
Palestine. Thalassemia prevention efforts should consider these factors and work towards
addressing cultural beliefs and disseminating accurate information in order to effectively
combat the disease (S. Ahmed, Atkin, et al., 2006).

In this study, the mean score for overall parental practices was 3.3+1.0, with only 47.4% of
the parents demonstrating good practice scores. Similarly, an Indonesian study reported that
45.6% of the parents of thalassemic children exhibited good practice (Wahidiyat et al.,
2021). Moreover, in our study, more than half of the participants (57.8%) had their other
children screened, which is an encouraging finding. Similarly, a Pakistani study also found
that nearly half of the parents of thalassemic children screened their other offspring,
highlighting the overwhelming majority of parents who were encouraging their children to
undergo screening (Naseem Ahmed et al., 2020).

On the contrary, in the present study, only 28.4% of parents opted for prenatal diagnosis.
Religious restrictions on abortion, which is the only available option for pregnant women
carrying an affected fetus, may influence the decision of the parents and prevent them from
undergoing prenatal testing. Furthermore, the high cost of chorionic villus sampling (CVS)
testing may be a contributing factor, especially for families belonging to low and middle
socioeconomic groups. Similar to our finding, a study conducted in Lahore, reported that
among participants who were aware of prenatal diagnosis, only 39.1% of mothers underwent
the test during their pregnancies, while others did not utilize this service (Ishaq et al., 2012).

The perceived severity of thalassemia has been found to be the most influential factor in a
woman's decision about prenatal diagnosis. Therefore, effective physician-patient
communication should emphasize the severity of the disorder, its treatment options, and the
necessity of prenatal screening (S. Ahmed, Green, & Hewison, 2006).

In this study, the vast majority of parents (67.2%) expressed not wishing for having more
children after having a sick child. These results suggest that parents who understand the
nature of thalassemia could be more hesitant to expand their families, as they become more
aware and concerned about the possibility of their future child being affected as well (Mat,
Yaacob, & Zakaria, 2020). However, the analysis showed that seven families had two
thalassemic children that were born after 2010 and 18 families had at least one thalassemic
child that was born before 2010. This means that more than one third of the families have at
least two thalassemic children. literature suggests that South Asian families are typically
large, and parents often aspire to have more male children to attain dominance within their
relatives, which might explain why families continue to grow despite having an affected
infant. It has also been suggested that families may choose to terminate family expansion if
the infant is born later after they have healthy children (Z. Hossain & Eisberg, 2020).
However, we were not able to test this theory as we did not have data regarding the birth
order of the thalassemic children that were born prior to 2010. Han et al. reported that 82%
of parents did not intend to have additional children due to the fear of recurrence and the
severity of these conditions (Han, Han, & Myint, 1992).

Knowledge of the disease alone may not necessarily translate into correct practices. We have
found that the knowledge score and practice score were not correlated. However, it has been
observed that understanding the basic concept of thalassemia positively influences attitudes,
and that attitudes were significantly correlated with good practices, specifically, attitudes
towards the termination of pregnancy.
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This shows that awareness campaigns need to be improved and customized so they could
illicit changes to the attitudes and practices of the population.

Our study revealed an unexpected finding in regard to practice scores. We have found
significant differences across groups of educational level at marriage in regard to practice
scores being lowest for parents with the highest and lowest levels of education.

In theory, the influence of education on thalassemia prevention behaviors should have been
positive. However, more educated people in Palestine tend to be more aware of their public
image, which could be affected by the social stigma associated with thalassemia. As a result,
they may refuse thalassemia testing out of fear of being diagnosed and they may hide their
children’s illness from others out of fear of facing discrimination and stigma and the effect
they may have on their image.

6.2 Limitations of the Study

This cross-sectional case-series study aims to determine the factors associated with the
continuing emergence of B-thalassemia major in Palestine after the implementation of the
obligatory premarital screening program, in addition to assessing the knowledge, attitudes,
and practices of parents towards thalassemia. Up to our knowledge, this study is the first to
date on this topic in Palestine.

The findings of the study may be influenced by specific cultural, social, and contextual
factors that are unique to our population. These factors may not be applicable or
generalizable to other cultural or geographical contexts. In this study, we have included most
thalassemia patients who were born since 2010 in the West Bank. However, we were not
able to include Gaza Strip.

The study focused primarily on sociodemographic factors, perceptions, and practices related
to thalassemia as we were unable to obtain blood samples for a complete hematological
profile for both parents in each of the families (only one out of the 62 families provided
blood for both parents). Therefore, we were not able to derive accurate conclusions regarding
the limitations of the criteria to perform thalassemia screening and we were not able to
establish if genetic variants in the promoter region of the -globin gene could contribute to
the continuing emergence of thalassemia despite the obligatory premarital testing.

The study relied on self-reported data from participants, which may introduce recall bias.
Additionally, participants may have provided socially desirable responses that they believed
were expected or socially acceptable which might introduce Social Desirability Bias and
could affect the reliability and validity of the results.

The study also utilized a cross-sectional design, which only provides a snapshot of the
participants' KAP at a specific point in time when the study was conducted. However, it does
not allow for the accurate assessment of the factors that may influence the decisions of
individuals at the time of occurrence or changes in KAP over time.

While our study provides valuable insights regarding the factors that contribute to the

continuing emergence of thalassemia in Palestine, the study may lack the statistical power
required to detect subtle or less common effects or associations due to the limited number of
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participants. Therefore, caution should be exercised when extrapolating these results to
larger and more diverse populations.

Future research endeavors may help mitigate these limitations and provide a more
comprehensive understanding of thalassemia prevention.

6.3 Recommendations

The prevention of thalassemia should continue to be a top priority in fighting against
inherited diseases due to the impact it causes on the healthcare system and the patients'
families. Based on the findings and limitations of this study, the following recommendations
are proposed to enhance thalassemia prevention and management strategies:

Health Education and Awareness Programs: Develop and implement comprehensive health
education and awareness programs targeting individuals, families, and communities at risk
of thalassemia. These programs should focus on increasing knowledge about thalassemia,
its inheritance patterns, and prevention methods. Special attention should be given to
promoting awareness among younger couples who may lack knowledge about the chronic
nature of the disease.

Pre-marital Counseling and Screening: Strengthen and expand pre-marital counseling and
screening services to ensure that all engaged couples undergo screening for thalassemia and
receive genetic counseling. Emphasize the importance of early detection, carrier
identification, and informed decision-making regarding marriage and family planning.
Electrophoresis testing should be considered mandatory to achieve more accurate results and
screen for the sickle cell trait. However, research should be carried out to determine the
criteria for testing and the most efficient and cost-effective strategy to integrate the test into
the obligatory screening program.

Identifying Designated Receptions Centers: The premarital screening test should be
performed in Designated Receptions Centers where trained staff perform and interpret the
results in accordance with standard laboratory diagnostic protocols, availability of lab
reagents and equipment in all assigned laboratories is treated as a priority, and staff receive
continuous training and supervision, and special training sessions when necessary.

Collaboration with Religious Leaders and Institutions: Engage religious leaders and
institutions to raise awareness and promote the importance of pre-marital testing and
counseling for thalassemia. Develop partnerships to integrate thalassemia prevention
messages into religious teachings and community gatherings, leveraging the influence of
religious leaders in shaping attitudes and behaviors.

Genetic Testing and Counseling Services: Enhance access to genetic testing and counseling
services, particularly for partners known to be thalassemia carriers and those who have had
children affected with thalassemia previously, which helps to decrease the number of new
patients. This includes providing training to healthcare professionals to deliver accurate and
culturally sensitive genetic counseling services, ensuring that individuals and families
receive appropriate information and support.

School-based Education Programs: Integrate thalassemia education into school curricula to
reach young individuals and promote awareness from an early age. Collaborate with
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education authorities to develop age-appropriate educational materials, conduct awareness
sessions, and encourage participation in school health programs.

Community Support Networks: Establish and strengthen community support networks for
thalassemia patients and their families. These networks can provide emotional support, share
experiences, and disseminate information about available resources, including medical
facilities, financial assistance, and social services.

Research and Surveillance: Continue conducting research to monitor the prevalence and
trends of thalassemia, identify emerging risk factors, and evaluate the effectiveness of
prevention programs. Longitudinal studies are needed to assess the long-term impact of
interventions and track changes in knowledge, attitudes, and practices over time.

Multidisciplinary Collaboration: Foster collaboration among healthcare providers,
researchers, policymakers, community organizations, and patient advocacy groups to
develop a comprehensive and coordinated approach to thalassemia prevention and
management. This collaboration can facilitate the exchange of knowledge, resources, and
best practices, leading to improved outcomes for individuals and families affected by
thalassemia.

Continuous Training and Capacity Building: Provide ongoing training and capacity building
initiatives for healthcare professionals, educators, and community workers involved in
thalassemia prevention and management. This includes updating their knowledge on
advancements in thalassemia research, genetic counseling techniques, and effective
educational strategies.

Empowerment of Thalassemia Patients and Families: Empower thalassemia patients and
their families to actively participate in their own care and decision-making processes. Offer
support services that promote self-management skills, address psychosocial needs, and
enhance overall quality of life for individuals living with thalassemia. By implementing
these recommendations, it is hoped that the incidence of new thalassemia cases can be
reduced, individuals and families can make informed decisions regarding thalassemia
prevention, and the overall quality of care and support for thalassemia patients can be
improved.

78



References

Abo Jeesh, Y. a. A. (2018). The Effects of Patients' and Care-Givers' Knowledge, Attitude,& Practice
(KAP) onQuality of Life Among ThalassemiaMajorPatients' in Damascus-Syrian Arab
Republic. Retrieved from http://repo.uofg.edu.sd/handle/123456789/3294

Abu-Rmeileh, N., & Larsun, U. (2008). Age at first marriage in Palestine. Paper presented at the
Annual Meeting of Population Association of America Annual Meeting.

Abu Taha, A., Yaseen, A., Suleiman, S., Abu Zenah, O., Ali, H., Abu Seir, R., & Younis, K. (2019).
Study of Frequency and Characteristics of Red Blood Cell Alloimmunization in Thalassemic
Patients: Multicenter Study from Palestine. Adv Hematol, 2019, 3295786.
doi:10.1155/2019/3295786

Agarwal, S., Gupta, A,, Gupta, U. R, Sarwai, S., Phadke, S., & Agarwal, S. S. (2003). Prenatal
diagnosis in beta-thalassemia: an Indian experience. Fetal Diagn Ther, 18(5), 328-332.
doi:10.1159/000071975

Ahmadnezhad, E., Sepehrvand, N., Jahani, F. F., Hatami, S., Kargar, C., Mirmohammadkhani, M., &
Bazargan-Hejazi, S. (2012). Evaluation and cost analysis of national health policy of
thalassaemia screening in west-azerbaijan province of iran. Int J Prev Med, 3(10), 687-692.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/23112894

Ahmed, N., & Chizhevsky, V. (2007). Acute hepatic sequestration associated with pneumococcal
infection in a 5-year-old Boy with sickle beta degrees -thalassemia: a case report and
review of the literature. J Pediatr Hematol Oncol, 29(10), 720-724.
doi:10.1097/MPH.0b013e31814d6866

Ahmed, N., Khan, B. A., Bukhari, S. W., Khan, K. S., Sabir, T., & Nazir, M. (2020). Knowledge,
attitude and practices (KAP) of The families of B-thalassemia patients in a thalassemia
Center of Karachi. Int J Curr Med Pharm Res, 6, 4972-4976.

Ahmed, S., Atkin, K., Hewison, J., & Green, J. (2006). The influence of faith and religion and the
role of religious and community leaders in prenatal decisions for sickle cell disorders and
thalassaemia major. Prenat Diagn, 26(9), 801-809. doi:10.1002/pd.1507

Ahmed, S., Ayub, M., Naeem, M., Nazir, F. H., Hussain, A., Ghilzai, D., . . . Norder, H. (2021).
Thalassemia Patients from Baluchistan in Pakistan Are Infected with Multiple Hepatitis B
or C Virus Strains. Am J Trop Med Hyg, 104(4), 1569-1576. doi:10.4269/ajtmh.20-0740

Ahmed, S., Bekker, H., Hewison, J., & Kinsey, S. (2002). Thalassaemia carrier testing in Pakistani
adults: behaviour, knowledge and attitudes. Community Genet, 5(2), 120-127.
doi:10.1159/000065167

Ahmed, S., Green, J. M., & Hewison, J. (2006). Attitudes towards prenatal diagnosis and
termination of pregnancy for thalassaemia in pregnant Pakistani women in the North of
England. Prenat Diagn, 26(3), 248-257. d0i:10.1002/pd.1391

Akhlaghpoor, S. (2006). Chorionic villus sampling for beta-thalassemia: the first report of
experience in Iran. Prenat Diagn, 26(12), 1131-1136. doi:10.1002/pd.1572

Al-Amodi, A. M., Ghanem, N. Z., Aldakeel, S. A., Ibrahim Al Asoom, L., Rafique Ahmed, N.,
Almandil, N. B., . .. Borgio, J. F. (2018). Hemoglobin A2 (HbA2) has a measure of
unreliability in diagnosing beta-thalassemia trait (beta-TT). Curr Med Res Opin, 34(5), 945-
951. doi:10.1080/03007995.2018.1435520

AL-Zwaini, |. (2018). Thalassemia and Other Hemolytic Anemias. doi:10.5772/intechopen.68657

Al Haddad, R. M., Yassin, M., & Sirdah, M. (2012). Molecular, biochemical and hematological
investigations of beta-thalassemia children in Gaza governorate. Hematology/Oncology
Clinics of North America, 2(6), 12-18.

79


http://repo.uofg.edu.sd/handle/123456789/3294
https://www.ncbi.nlm.nih.gov/pubmed/23112894

Al Sabbah, H., Khan, S., Hamadna, A., Abu Ghazaleh, L., Dudin, A., & Karmi, B. A. (2017). Factors
associated with continuing emergence of B-thalassemia major despite prenatal testing: a
cross-sectional survey. International journal of women's health, 673-679.

Alam, N. E., Islam, M. S., Khabir, M. I. U., Suriea, U., Islam, M. M., Mohiuddin, R. B., . . . Mohiuddin,
A. K. M. (2022). The scenario of knowledge, attitude and practice of the Bangladeshi
population towards thalassemia prevention: A nationwide study. PLOS Glob Public Health,
2(10), e0001177. doi:10.1371/journal.pgph.0001177

Aldakeel, S. A., Ghanem, N. Z., Al-Amodi, A. M., Osman, A. K., Al Asoom, L. |, Ahmed, N.R,, ...
Borgio, J. F. (2020). Identification of seven novel variants in the beta-globin gene in
transfusion-dependent and normal patients. Arch Med Sci, 16(2), 453-459.
doi:10.5114/aoms.2019.84825

Aldwaik, R., Abu Mohor, T., Idyabi, I., Warasna, S., Abdeen, S., Karmi, B., & Abu Seir, R. (2021).
Health Status of Patients With B-Thalassemia in the West Bank: A Retrospective-Cohort
Study. Frontiers in Medicine, 8, 788758.

Alhamdan, N. A,, Almazrou, Y. Y., Alswaidi, F. M., & Choudhry, A. J. (2007). Premarital screening
for thalassemia and sickle cell disease in Saudi Arabia. Genet Med, 9(6), 372-377.
doi:10.1097/gim.0b013e318065a9¢e8

Aljassim, N., & Ostini, R. (2020). Health literacy in rural and urban populations: a systematic
review. Patient Education and Counseling, 103(10), 2142-2154.

Aljeesh, Y. I. (2016). Quality of Life Among Thalassemia Children Patients in the Gaza Strip.
American Journal of Nursing Science, 5(3), 106-113. doi:10.11648/j.ajns.20160503.15

Alkalbani, A., Alharrasi, M., Achura, S., Al Badi, A., Al Rumhi, A., Algassabi, K., . . . Alomari, O.
(2022). Factors affecting the willingness to undertake premarital screening test among
prospective marital individuals. SAGE Open Nursing, 8, 23779608221078156.

Alkhaldi, S. M., Khatatbeh, M. M., Berggren, V. E., & Taha, H. A. (2016). Knowledge and Attitudes
Toward Mandatory Premarital Screening Among University Students in North Jordan.
Hemoglobin, 40(2), 118-124. doi:10.3109/03630269.2015.1135159

Alkuraya, F. S., & Kilani, R. A. (2001). Attitude of Saudi families affected with hemoglobinopathies
towards prenatal screening and abortion and the influence of religious ruling (Fatwa).
Prenat Diagn, 21(6), 448-451. do0i:10.1002/pd.76

Almeida, A. M., Henthorn, J. S., & Davies, S. C. (2001). Neonatal screening for
haemoglobinopathies: the results of a 10-year programme in an English Health Region. Br
J Haematol, 112(1), 32-35. d0i:10.1046/j.1365-2141.2001.02512.x

Alsaeed, E. S., Farhat, G. N., Assiri, A. M., Memish, Z., Ahmed, E. M., Saeedi, M. Y., ... Bashawri, H.
(2018). Distribution of hemoglobinopathy disorders in Saudi Arabia based on data from
the premarital screening and genetic counseling program, 2011-2015. J Epidemiol Glob
Health, 7 Supp! 1(Suppl 1), S41-547. doi:10.1016/j.jegh.2017.12.001

Angastiniotis, M. A., & Hadjiminas, M. G. (1981). Prevention of thalassaemia in Cyprus. Lancet,
1(8216), 369-371. doi:10.1016/s0140-6736(81)91682-2

Arif, F., Fayyaz, J., & Hamid, A. (2008). Awareness among parents of children with thalassemia
major. J Pak Med Assoc, 58(11), 621-624. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/19024134

Asadov, C., Alimirzoeva, Z., Mammadova, T., Aliyeva, G., Gafarova, S., & Mammadov, J. (2018).
beta-Thalassemia intermedia: a comprehensive overview and novel approaches. Int J
Hematol, 108(1), 5-21. d0i:10.1007/s12185-018-2411-9

Asif, N., & Hassan, K. (2014). Prevention of beta thalassemia in Pakistan. J Islam Med Dent Coll,
3(2), 46-47.

Aslamkhan, M., Qadeer, M. I, Akhtar, M. S., Chudhary, S. A., Maryam, M., Ali, Z., . . . Khan, Y.
(2023). Cultural Consanguinity as cause of B-Thalassemia prevalence in population.
medRxiv, 2023.2006. 2001.23290856.

80


https://www.ncbi.nlm.nih.gov/pubmed/19024134

Ayesh, S. K., Al-Sharef, W. A., Nassar, S. M., Thawabteh, N. A., & Abu-Libdeh, B. Y. (2005). Prenatal
diagnosis of beta-thalassemia in the West Bank and Gaza. Saudi Med J, 26(11), 1771-1776.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/16311664

Ayyash, H., & Sirdah, M. (2018). Hematological and biochemical evaluation of beta-thalassemia
major (betaTM) patients in Gaza Strip: A cross-sectional study. Int J Health Sci (Qassim),
12(6), 18-24. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/30534039

Bain, B. J. (2011). Haemoglobinopathy diagnosis: algorithms, lessons and pitfalls. Blood Rev, 25(5),
205-213. d0i:10.1016/j.blre.2011.04.001

Bajwa, H., & Basit, H. (2019). Thalassemia.

Basu, M. (2015). A study on knowledge, attitude and practice about thalassemia among general
population in outpatient department at a Tertiary Care Hospital of Kolkata. Journal of
Preventive Medicine and Holistic Health, 1(1), 6-13.

Bejaoui, M., & Guirat, N. (2013). Beta thalassemia major in a developing country: epidemiological,
clinical and evolutionary aspects. Mediterranean journal of hematology and infectious
diseases, 5(1).

Brancaleoni, V. (2016). Diagnostic flow chart for identification of thalassemia carrier and
thalassemia intermedia. doi:10.1111/ijlh.12527

Brancaleoni, V., Di Pierro, E., Motta, |., & Cappellini, M. D. (2016). Laboratory diagnosis of
thalassemia. Int J Lab Hematol, 38 Suppl 1, 32-40. doi:10.1111/ijlh.12527

Cao, A., & Galanello, R. (2002). Effect of consanguinity on screening for thalassemia. N Engl J Med,
347(15), 1200-1202. doi:10.1056/NEJMe020086

Cao, A., & Galanello, R. (2010). Beta-thalassemia. Genet Med, 12(2), 61-76.
doi:10.1097/GIM.0b013e3181cd68ed

Cao, A., Galanello, R., Furbetta, M., Muroni, P. P., Garbato, L., Rosatelli, C,, . . . Melis, M. A. (1978).
Thalassaemia types and their incidence in Sardinia. J Med Genet, 15(6), 443-447.
doi:10.1136/jmg.15.6.443

Cao, A., Galanello, R., Rosatelli, M. C., Argiolu, F., & De Virgiliis, S. (1996). Clinical experience of
management of thalassemia: the Sardinian experience. Semin Hematol, 33(1), 66-75.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/8714586

Cao, A., & Kan, Y. W. (2013). The prevention of thalassemia. Cold Spring Harb Perspect Med, 3(2),
a011775. doi:10.1101/cshperspect.a011775

Cao, A., Rosatelli, M. C., & Galanello, R. (1996). Control of beta-thalassaemia by carrier screening,
genetic counselling and prenatal diagnosis: the Sardinian experience. Ciba Found Symp,
197, 137-151; discussion 151-135. doi:10.1002/9780470514887.ch8

Cao, A, Saba, L., Galanello, R., & Rosatelli, M. C. (1997). Molecular diagnosis and carrier screening
for beta thalassemia. JAMA, 278(15), 1273-1277. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/9333270

Cappellini, M.-D., Cohen, A., Porter, J., Taher, A., & Viprakasit, V. (2014). Guidelines for the
management of transfusion dependent thalassaemia (TDT).

Caughey, A. B. (2005). Cost-effectiveness analysis of prenatal diagnosis: methodological issues and
concerns. Gynecol Obstet Invest, 60(1), 11-18. doi:10.1159/000083480

Cazzola, M., Borgna-Pignatti, C., Locatelli, F., Ponchio, L., Beguin, Y., & De Stefano, P. (1997). A
moderate transfusion regimen may reduce iron loading in beta-thalassemia major
without producing excessive expansion of erythropoiesis. Transfusion, 37(2), 135-140.
doi:10.1046/j.1537-2995.1997.37297203514.x

Chaabouni, H., Chaabouni, M., Maazoul, F., M'Rad, R., Jemaa, L. B., Smaoui, N., . . . Zouari, F.
(2001). Prenatal diagnosis of chromosome disorders in Tunisian population. Ann Genet,
44(2), 99-104. doi:10.1016/s0003-3995(01)01046-2

Charafeddine, K., Isma’eel, H., Charafeddine, M., Inati, A., Koussa, S., Naja, M., & Taher, A. (2008).
Survival and Complications of Beta-Thalassemia in LebanonA Decade’s Experience of
Centralized Care. Acta Haematologica, 120(2), 112-116.

81


https://www.ncbi.nlm.nih.gov/pubmed/16311664
https://www.ncbi.nlm.nih.gov/pubmed/30534039
https://www.ncbi.nlm.nih.gov/pubmed/8714586
https://www.ncbi.nlm.nih.gov/pubmed/9333270

Chawla, S., Singh, R. K., Lakkakula, B., & Vadlamudi, R. R. (2017). Attitudes and beliefs among high-
and low-risk population groups towards beta-thalassemia prevention: a cross-sectional
descriptive study from India. J Community Genet, 8(3), 159-166. doi:10.1007/s12687-017-
0298-4

Chen, W., Zhang, X., Shang, X., Cai, R., Li, L., Zhou, T., . . . Xu, X. (2010). The molecular basis of
beta-thalassemia intermedia in southern China: genotypic heterogeneity and phenotypic
diversity. BMC Med Genet, 11, 31. doi:10.1186/1471-2350-11-31

Chiou, L., & Tucker, C. (2020). Social distancing, internet access and inequality. Retrieved from

Chui, D. H., & Waye, J. S. (1998). Hydrops fetalis caused by alpha-thalassemia: an emerging health
care problem. Blood, 91(7), 2213-2222. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/9516118

Cianciulli, P. (2009). Iron chelation therapy in thalassemia syndromes. Mediterr J Hematol Infect
Dis, 1(1), e2009034. do0i:10.4084/MJHID.2009.034

Cohen-Kfir, N., Bentwich, M. E., Kent, A., Dickman, N., Tanus, M., Higazi, B., . . . Falik-Zaccai, T. C.
(2020). Challenges to effective and autonomous genetic testing and counseling for ethno-
cultural minorities: a qualitative study. BMC Med Ethics, 21(1), 98. doi:10.1186/s12910-
020-00537-8

Colah, R., Gorakshakar, A., & Nadkarni, A. (2010). Global burden, distribution and prevention of
beta-thalassemias and hemoglobin E disorders. Expert Rev Hematol, 3(1), 103-117.
doi:10.1586/ehm.09.74

Cousens, N. E., Gaff, C. L., Metcalfe, S. A., & Delatycki, M. B. (2010). Carrier screening for beta-
thalassaemia: a review of international practice. Eur J Hum Genet, 18(10), 1077-1083.
doi:10.1038/ejhg.2010.90

D Baronciani, E. A. (2016). Hemopoietic stem cell transplantation in thalassemia: a report from the
European Society for Blood and Bone Marrow Transplantation Hemoglobinopathy
Registry, 2000-2010.

Daraghmeh, N. (2016). Management and complications of thalassemic patients in Palestine

Darwish, H. M., El-Khatib, F. F., & Ayesh, S. (2005). Spectrum of beta-globin gene mutations
among thalassemia patients in the West Bank region of Palestine. Hemoglobin, 29(2), 119-
132. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/15921164

De Sanctis, V., Kattamis, C., Canatan, D., Soliman, A. T., Elsedfy, H., Karimi, M., . . . Angastiniotis,
M. (2017). beta-Thalassemia Distribution in the Old World: an Ancient Disease Seen from
a Historical Standpoint. Mediterr / Hematol Infect Dis, 9(1), e2017018.
doi:10.4084/MJHID.2017.018

Del Senno, L., Pirastu, M., Barbieri, R., Bernardi, F., Buzzoni, D., Marchetti, G., . . . Conconi, F.
(1985). beta (+)-Thalassaemia in the Po river delta region (northern ltaly): genotype and
beta globin synthesis. J Med Genet, 22(1), 54-58. d0i:10.1136/jmg.22.1.54

Denic, S., Aden, B., Nagelkerke, N., & Essa, A. A. (2013). beta-Thalassemia in Abu Dhabi:
consanguinity and tribal stratification are major factors explaining the high prevalence of
the disease. Hemoglobin, 37(4), 351-358. doi:10.3109/03630269.2013.790827

Denic, S., Agarwal, M. M., & Nagelkerke, N. (2012). Growth of consanguineous populations: effect
of family and group size. Asian Pacific Journal of Tropical Disease, 2, S227-5232.

Dumaidi, K. (2018). Prevalence of Sero-Molecular Markers of Hepatitis C and B Viruses among
Patients with B-Thalassemia Major in Northern West Bank, Palestine.

Dumaidi, K., Al-Jawabreh, A., Al-Assi, S., & Karmi, B. (2015). Assessment of gonadal and thyroid
function for adult transfusion-dependent-B-thalassemic patients in Palestine. Jordan
Medical Journal, 49(1), 17-26.

Ebrahim, S., Raza, A. Z., Hussain, M., Khan, A., Kumari, L., Rasheed, R., . . . Fatima, K. (2019).
Knowledge and Beliefs Regarding Thalassemia in an Urban Population. Cureus, 11(7),
e5268. doi:10.7759/cureus.5268

82


https://www.ncbi.nlm.nih.gov/pubmed/9516118
https://www.ncbi.nlm.nih.gov/pubmed/15921164

El-Beshlawy, A., EI-Shekha, A., Momtaz, M., Said, F., Hamdy, M., Osman, O., . .. Petrou, M. (2012).
Prenatal diagnosis for thalassaemia in Egypt: what changed parents' attitude? Prenat
Diagn, 32(8), 777-782. doi:10.1002/pd.3901

El-Beshlawy, A., Kaddah, N., Rageb, L., Hussein, I., Mouktar, G., Moustafa, A,, . . . EI-Sendiony, H.
(1999). Thalassemia prevalence and status in Egypt. Pediatric research, 45(5), 760-760.

Engle, M. A., Erlandson, M., & Smith, C. H. (1964). Late Cardiac Complications of Chronic, Severe,
Refractory Anemia with Hemochromatosis. Circulation, 30, 698-705.
doi:10.1161/01.cir.30.5.698

Farmakis, D., Giakoumis, A., Angastiniotis, M., & Eleftheriou, A. (2020). The changing
epidemiology of the ageing thalassaemia populations: A position statement of the
Thalassaemia International Federation. Eur J Haematol, 105(1), 16-23.
doi:10.1111/ejh.13410

Farmakis, D., Porter, J., Taher, A., Domenica Cappellini, M., Angastiniotis, M., & Eleftheriou, A.
(2022). 2021 Thalassaemia International Federation Guidelines for the Management of
Transfusion-dependent Thalassemia. Hemasphere, 6(8), e732.
doi:10.1097/HS9.0000000000000732

Fianza, P. |, Rahmawati, A., Widihastha, S. H., Afifah, S., Ghozali, M., Indrajaya, A, . . . Panigoro, R.
(2021). Iron Overload in Transfusion-Dependent Indonesian Thalassemic Patients.
Anemia, 2021, 5581831. doi:10.1155/2021/5581831

Fink, J., Zabawa, B., & Chopp, S. (2020). Employee perceptions of wellness programs and
incentives. American Journal of Health Promotion, 34(3), 257-260.

Fisher, S. A., Brunskill, S. J., Doree, C., Chowdhury, O., Gooding, S., & Roberts, D. J. (2013). Oral
deferiprone for iron chelation in people with thalassaemia. Cochrane Database Syst
Rev(8), CD004839. doi:10.1002/14651858.CD004839.pub3

G.T.Hesslein, D. (2004). Factors and Forces Controlling V(D)J Recombination. doi:10.1016/S0065-
2776(01)78004-2

Galanello, R., Melis, M. A., Ruggeri, R., Addis, M., Scalas, M. T., Maccioni, L., . .. Cao, A. (1979).
Beta 0 thalassemia trait in Sardinia. Hemoglobin, 3(1), 33-46.
doi:10.3109/03630267909069153

Galanello, R., & Origa, R. (2010). Beta-thalassemia. Orphanet Journal of Rare Diseases, 5, 1-15.

Garcia-Rodriguez, R., Hiller, M., Jimenez-Gracia, L., van der Pal, Z., Balog, J., Adamzek, K., . . .
Spitali, P. (2020). Premature termination codons in the DMD gene cause reduced local
MRNA synthesis. Proc Natl Acad Sci U S A, 117(28), 16456-16464.
doi:10.1073/pnas.1910456117

George, E. (2001). Beta-thalassemia major in Malaysia, an ongoing public health problem. Med J
Malaysia, 56(4), 397-400. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/12014756

Ghosh, K., Colah, R., Manglani, M., Choudhry, V. P., Verma, I., Madan, N., . .. Ross, C. (2014).
Guidelines for screening, diagnosis and management of hemoglobinopathies. Indian J
Hum Genet, 20(2), 101-119. doi:10.4103/0971-6866.142841

Gonzalez-Redondo, J. M., Stoming, T. A,, Kutlar, A., Kutlar, F., Lanclos, K. D., Howard, E. F., . . . et
al. (1989). A C----T substitution at nt--101 in a conserved DNA sequence of the promotor
region of the beta-globin gene is associated with "silent" beta-thalassemia. Blood, 73(6),
1705-1711. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/2713503

Gunes, A. K., & Gozden, H. E. (2021). The Spectrum of Beta-Thalassemia Mutations in Syrian
Refugees and Turkish Citizens. Cureus, 13(6), €15434. doi:10.7759/cureus.15434

Hamamy, H. (2012). Consanguineous marriages : Preconception consultation in primary health
care settings. J/ Community Genet, 3(3), 185-192. doi:10.1007/s12687-011-0072-y

Hamamy, H. A,, & Al-Allawi, N. A. (2013). Epidemiological profile of common
haemoglobinopathies in Arab countries. ] Community Genet, 4(2), 147-167.
doi:10.1007/s12687-012-0127-8

83


https://www.ncbi.nlm.nih.gov/pubmed/12014756
https://www.ncbi.nlm.nih.gov/pubmed/2713503

Han, K. E., Han, A. M., & Myint, T. T. (1992). Thalassemia in the outpatient department of the
Yangon Children's Hospital in Myanmar: knowledge, attitudes and practice in relation to
thalassemia. Southeast Asian J Trop Med Public Health, 23(2), 269-272.

Hanscombe, O., Whyatt, D., Fraser, P., Yannoutsos, N., Greaves, D., Dillon, N., & Grosveld, F.
(1991). Importance of globin gene order for correct developmental expression. Genes
Dev, 5(8), 1387-1394. d0i:10.1101/gad.5.8.1387

Hassan, T., Badr, M., El Safy, U., Hesham, M., Sherief, L., & Zakaria, M. (2016). B-Thalassemia:
genotypes and phenotypes. Epidemiology of Communicable and Non-Communicable
Diseases-Attributes of Lifestyle and Nature on Humankind, 2016, 113-126.

Hinda, D., Qubbaj Waffa, A. R. Z., Mohammed, S., Saleh, N., & Mohammed, E.-K. 8-Thalassemia:
Prevention in Jordan.

Ho, P. J.,, Hall, G. W,, Luo, L. Y., Weatherall, D. J., & Thein, S. L. (1998). Beta-thalassaemia
intermedia: is it possible consistently to predict phenotype from genotype? BrJ
Haematol, 100(1), 70-78. doi:10.1046/j.1365-2141.1998.00519.x

Hoffbrand, V., Vyas, P., Campo, E., Haferlach, T., & Gomez, K. (2019). Color Atlas of Clinical
Hematology: Molecular and Cellular Basis of Disease: John Wiley & Sons.

Hossain, M. S., Hasan, M. M., Raheem, E., Islam, M. S., Al Mosabbir, A., Petrou, M,, . . . Siddigee,
M. H. (2020). Lack of knowledge and misperceptions about thalassaemia among college
students in Bangladesh: a cross-sectional baseline study. Orphanet Journal of Rare
Diseases, 15, 1-10.

Hossain, Z., & Eisberg, G. (2020). Parenting and academic socialization of young children:
Sociocultural context for early childhood development in South Asian families. Parents
and Caregivers Across Cultures: Positive Development from Infancy Through Adulthood,
89-103.

Humphries, R. K., Ley, T. J., Anagnou, N. P., Baur, A. W., & Nienhuis, A. W. (1984). Beta 0-39
thalassemia gene: a premature termination codon causes beta-mRNA deficiency without
affecting cytoplasmic beta-mRNA stability.

Ishagq, F., Abid, H., Kokab, F., Akhtar, A., & Mahmood, S. (2012). Awareness among parents of
beta-thalassemia major patients, regarding prenatal diagnosis and premarital screening. J
Coll Physicians Surg Pak, 22(4), 218-221. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/22482376

Islam, M. M. (2012). The practice of consanguineous marriage in Oman: prevalence, trends and
determinants. Journal of biosocial science, 44(5), 571-594.

Jaing, T. H,, Chang, T. Y., Chen, S. H., Lin, C. W., Wen, Y. C., & Chiu, C. C. (2021). Molecular genetics
of beta-thalassemia: A narrative review. Medicine (Baltimore), 100(45), e27522.
doi:10.1097/MD.0000000000027522

Jeesh, A., Aser Adnan, Y., & Al-Haboub, M. A.-B. (2018). The Effects of Patients' and Care-Givers'
Knowledge, Attitude, & Practice (KAP) onQuality of Life Among
ThalassemiaMajorPatients' in Damascus-Syrian Arab Republic.

Juul, S. E., & Christensen, R. D. (2018). Developmental hematology. In Avery's Diseases of the
Newborn (pp. 1113-1120. e1113): Elsevier.

Kalokairinou, E. M. (2008). The experience of beta-thalassaemiaand its prevention in Cyprus. Med
Law, 27(4), 825-841. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/19202859

Kalra, R. K., Kaur, D., Sodhi, M., & Kaur, J. (2019). Knowledge, attitude and practice in parents of
chronically transfused thalassemic patients regarding thalassemia in thalassemia day care
unit in government medical college, Amritsar, Punjab, India. Int J/ Contemp Pediatr, 6(6),
2469-2475.

Karimi, M. (2018). Evaluation of Endocrine Complications in Beta-Thalassemia Intermedia
Patients: A Cross Sectional Multi-Center Study. doi:10.1182/blood-2018-99-110903

Karimzaei, T., Masoudi, Q., Shahrakipour, M., Navidiyan, A., Jamalzae, A. A., & Zoraqi Bamri, A.
(2015). Knowledge, Attitude and Practice of Carrier Thalassemia Marriage Volunteer in

84


https://www.ncbi.nlm.nih.gov/pubmed/22482376
https://www.ncbi.nlm.nih.gov/pubmed/19202859

Prevention of Major Thalassemia. Glob J Health Sci, 7(5), 364-370.
doi:10.5539/gjhs.v7n5p364

Kattamis, A., Forni, G. L., Aydinok, Y., & Viprakasit, V. (2020). Changing patterns in the
epidemiology of beta-thalassemia. Eur J Haematol, 105(6), 692-703.
doi:10.1111/ejh.13512

Kattamis, C., Metaxotou-Mavromati, A., Wood, W. G., Nash, J. R., & Weatherall, D. J. (1979). The
heterogeneity of normal Hb A2-beta thalassaemia in Greece. Br J Haematol, 42(1), 109-
123. doi:10.1111/j.1365-2141.1979.tb03703.x

Kesse-Adu, R. ( 2013). Thalassaemia intermedia: Guidelines on diagnosis and management. Bull
World Health Organ.

Khan, A. M., Al-Sulaiti, A. M., Younes, S., Yassin, M., & Zayed, H. (2021). The spectrum of beta-
thalassemia mutations in the 22 Arab countries: a systematic review. Expert Rev Hematol,
14(1), 109-122. doi:10.1080/17474086.2021.1860003

Kim, H. W., & Greenburg, A. G. (2004). Artificial oxygen carriers as red blood cell substitutes: a
selected review and current status. Artificial organs, 28(9), 813-828.

Kim, S., & Tridane, A. (2017). Thalassemia in the United Arab Emirates: Why it can be prevented
but not eradicated. PLoS One, 12(1), e0170485. doi:10.1371/journal.pone.0170485

Kosaryan, M., Vahidshahi, K., Karami, H., Forootan, M. A., & Ahangari, M. (2007). Survival of
thalassemic patients referred to the Boo Ali Sina Teaching Hospital, Sari, Iran.
Hemoglobin, 31(4), 453-462. doi:10.1080/03630260701641294

Kountouris, P., Kousiappa, I., Papasavva, T., Christopoulos, G., Pavlou, E., Petrou, M., . . . Christou,
S. (2016). The molecular spectrum and distribution of haemoglobinopathies in Cyprus: a
20-year retrospective study. Sci Rep, 6, 26371. doi:10.1038/srep26371

Kumar, R., Arya, V., & Agarwal, S. (2015). Profiling beta Thalassemia Mutations in Consanguinity
and Nonconsanguinity for Prenatal Screening and Awareness Programme. Adv Hematol,
2015, 625721. doi:10.1155/2015/625721

Kurtoglu, A. U., Kurtoglu, E., & Temizkan, A. K. (2012). Effect of iron overload on endocrinopathies
in patients with beta-thalassaemia major and intermedia. Endokrynol Pol, 63(4), 260-263.
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/22933160

Ladis, V., Chouliaras, G., Berdoukas, V., Chatziliami, A., Fragodimitri, C., Karabatsos, F., . ..
Karagiorga-Lagana, M. (2011). Survival in a large cohort of Greek patients with
transfusion-dependent beta thalassaemia and mortality ratios compared to the general
population. Eur J Haematol, 86(4), 332-338. doi:10.1111/j.1600-0609.2011.01582.x

Li, J., Lin, Y., Li, X., & Zhang, J. (2019). Economic Evaluation of Chelation Regimens for beta-
Thalassemia Major: a Systematic Review. Mediterr J Hematol Infect Dis, 11(1), e2019036.
doi:10.4084/MJHID.2019.036

Li, L. Y., Li, Q., Song, L. L., Jin, W. J., Ma, Z. H., Yu, Y. H., & Zhong, M. (2012). [The value of MCV,
MCH and HbA(2) in laboratory screening of thalassemia). Zhonghua Fu Chan Ke Za Zhi,
47(2), 96-100. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/22455739

LIPKIN Jr, M., FISHER, L., ROWLEY, P. T., LOADER, S., & IKER, H. P. (1986). Genetic counseling of
asymptomatic carriers in a primary care setting: The effectiveness of screening and
counseling for beta-thalassemia trait. Annals of internal medicine, 105(1), 115-123.

Lippi, G., & Plebani, M. (2016). Capillary electrophoresis for the screening and diagnosis of
inherited hemoglobin disorders. Ready for prime time? Clin Chem Lab Med, 54(1), 5-6.
doi:10.1515/cclm-2015-0545

Liu, N., Xu, S. (2021). Transcription factor competition at the y-globin promoters controls
hemoglobin switching. doi:10.1038/s41588-021-00798-y

Liumbruno, G., Bennardello, F., Lattanzio, A., Piccoli, P., & Rossetti, G. (2009). Recommendations
for the transfusion of red blood cells. Blood Transfus, 7(1), 49-64. doi:10.2450/2008.0020-
08

85


https://www.ncbi.nlm.nih.gov/pubmed/22933160
https://www.ncbi.nlm.nih.gov/pubmed/22455739

Loftus, J., Allen, E. M., Call, K. T., & Everson-Rose, S. A. (2018). Rural-Urban Differences in Access
to Preventive Health Care Among Publicly Insured Minnesotans. J Rural Health, 34 Suppl!
1(Suppl 1), s48-s55. doi:10.1111/jrh.12235

Maheen, H., Malik, F., Siddique, B., & Qidwai, A. (2015). Assessing Parental Knowledge About
Thalassemia in a Thalassemia Center of Karachi, Pakistan. J Genet Couns, 24(6), 945-951.
doi:10.1007/s10897-015-9830-z

Mahzabin, N. (2022). Frequency of consanguineous marriage among the thalassaemia major
patients in Bangabandhu Sheikh Mujib Medical University. A Journal of Bangabandhu
Sheikh Mujib Medical University, Dhaka, Bangladesh.

Malakar, R., Kour, M., Malviya, S., & Dangi, C. (2016). A review on: B-Thalassemia. World journal
of pharmaceutical research, 5(6), 432-445.

Malamos, B., Fessas, P., & Stamatoyannopoulos, G. (1962). Types of thalassaemia-trait carriers as
revealed by a study of their incidence in Greece. Br J Haematol, 8, 5-14.
doi:10.1111/j.1365-2141.1962.tb06489.x

Malik, S. D., Al-Shafai, M., & Abdallah, A. M. (2022). The special features of prenatal and
preimplantation genetic counseling in Arab countries. Genes, 13(2), 167.

Maragoudaki, E., Kanavakis, E., Traeger-Synodinos, J., Vrettou, C., Tzetis, M., Metaxotou-
Mavrommati, A., & Kattamis, C. (1999). Molecular, haematological and clinical studies of
the -101 C --> T substitution of the beta-globin gene promoter in 25 beta-thalassaemia
intermedia patients and 45 heterozygotes. Br J Haematol, 107(4), 699-706.
doi:10.1046/j.1365-2141.1999.01788.x

Mat, M. A. C., Yaacob, L. H., & Zakaria, R. (2020). Parental knowledge on thalassaemia and factors
associated with refusal to screen their children. The Malaysian journal of medical
sciences: MIMS, 27(1), 124.

Mathias, L. A, Fisher, T. C., Zeng, L., Meiselman, H. J., Weinberg, K. ., Hiti, A. L., & Malik, P. (2000).
Ineffective erythropoiesis in beta-thalassemia major is due to apoptosis at the
polychromatophilic normoblast stage. Exp Hematol, 28(12), 1343-1353.
doi:10.1016/s0301-472x(00)00555-5

Meah, M. M., Choudhury, Z., Yeamin, M. B., Das, B. C., & Sharma, J. D. (2021). Assessment of
Awareness Among Parents of Children with Thalassemia Major in Bangladesh: A Hospital
Based Study. American Journal of Pediatrics, 7(3), 105-112.

Memish, Z. A., & Saeedi, M. Y. (2011). Six-year outcome of the national premarital screening and
genetic counseling program for sickle cell disease and B-thalassemia in Saudi Arabia.
Annals of Saudi medicine, 31(3), 229-235.

Mennuti, M. T. (2008). Genetic screening in reproductive health care. Clin Obstet Gynecol, 51(1),
3-23. d0i:10.1097/GRF.0b013e318160f241

Miri-Moghaddam, E., Motaharitabar, E., Erfannia, L., Dashipour, A., & Houshvar, M. (2014). High
school knowledge and attitudes towards thalassemia in southeastern Iran. International
Journal of Hematology-Oncology and Stem Cell Research, 8(1), 24.

Mohamed, S. Y. (2017). Thalassemia Major: Transplantation or Transfusion and Chelation.
Hematol Oncol Stem Cell Ther, 10(4), 290-298. do0i:10.1016/j.hemonc.2017.05.022

Muncie, H. L., Jr., & Campbell, J. (2009). Alpha and beta thalassemia. Am Fam Physician, 80(4),
339-344. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/19678601

Mustafa, I., Firdous, N., Shebl, F. M., Shi, Z., Saeed, M., Zahir, Z., & Zayed, H. (2020). Genetic
epidemiology of beta-thalassemia in the Maldives: 23 years of a beta-thalassemia
screening program. Gene, 741, 144544, doi:10.1016/j.gene.2020.144544

Naseem, S., Ahmed, S., & Vahidy, F. (2008). Impediments to prenatal diagnosis for beta
thalassaemia: experiences from Pakistan. Prenat Diagn, 28(12), 1116-1118.
doi:10.1002/pd.2133

NE, A. G., Bakur, K. H., Edrees, A. Y., & Al-Aama, J. Y. (2017). Attitude toward Prenatal Testing and
Termination of Pregnancy among Health Professionals and Medical Students in Saudi
Arabia. J Pediatr Genet, 6(3), 149-154. doi:10.1055/s-0037-1600131

86


https://www.ncbi.nlm.nih.gov/pubmed/19678601

Needs, T., Gonzalez-Mosquera, L. F., & Lynch, D. T. (2018). Beta thalassemia.

Nienhuis, A. W., & Nathan, D. G. (2012). Pathophysiology and Clinical Manifestations of the beta-
Thalassemias. Cold Spring Harb Perspect Med, 2(12), a011726.
doi:10.1101/cshperspect.a011726

Olwi, D. ., Merdad, L. A., & Ramadan, E. K. (2018). Thalassemia: a prevalent disease yet unknown
term among college students in Saudi Arabia. J Community Genet, 9(3), 277-282.
doi:10.1007/s12687-017-0351-3

Origa, R. (2017). B-Thalassemia. Genetics in Medicine, 19(6), 609-619.

Ostrowsky, J. T., Lippman, A., & Scriver, C. R. (1985). Cost-benefit analysis of a thalassemia disease
prevention program. Am J Public Health, 75(7), 732-736. doi:10.2105/ajph.75.7.732

Paglietti, M. E., Satta, S., Sollaino, M. C., Barella, S., Ventrella, A., Desogus, M. F., ... Origa, R.
(2016). The Problem of Borderline Hemoglobin A2 Levels in the Screening for beta-
Thalassemia Carriers in Sardinia. Acta Haematol, 135(4), 193-199. doi:10.1159/000442194

Palestinian Central Bureau of Statistics. (2018). Retrieved from https://www.pcbs.gov.ps/

Patel, A. P., Parmar, P. H., Patel, R. B., Trivedi, N. M., & Bhartiya, N. A. (2016). Factors Influencing
Beta-Thalassemia Awareness in Western India. National Journal of Community Medicine,
7(03), 193-197. Retrieved from https://njcmindia.com/index.php/file/article/view/890

Pauisri, S., Saksiriwuttho, P., & Ratanasiri, T. (2011). Knowledge and attitude of pregnant women
at risk for having a fetus with severe thalassemia after genetic counseling at Srinagarind
hospital. Thai Journal of Obstetrics and Gynaecology, 193-199.

Peters, M., Heijboer, H., Smiers, F., & Giordano, P. C. (2012). Diagnosis and management of
thalassaemia. BMJ, 344, €228. doi:10.1136/bmj.e228

Politis, C., Richardson, C., & Yfantopoulos, J. G. (1991). Public knowledge of thalassemia in Greece
and current concepts of the social status of the thalassemic patients. Social science &
medicine, 32(1), 59-64.

Raffaella Origa, M. (2000). Beta-Thalassemia.

Rahman, M. M., Naznin, L., Giti, S., Islam, M. S., & Khatun, N. (2014). Premarital health screening a
review and update. Journal of Armed Forces Medical College, Bangladesh, 10(1), 103-109.

Raich, N., Enver, T., Nakamoto, B., Josephson, B., Papayannopoulou, T., & Stamatoyannopoulos,
G. (1990). Autonomous developmental control of human embryonic globin gene
switching in transgenic mice. Science, 250(4984), 1147-1149.
doi:10.1126/science.2251502

Reading, N. S., Sirdah, M. M., Tarazi, . S., & Prchal, J. T. (2014). Detection of nine Mediterranean
beta-thalassemia mutations in Palestinians using three restriction enzyme digest panels: a
reliable method for developing countries. Hemoglobin, 38(1), 39-43.
doi:10.3109/03630269.2013.845105

Roth, I. L., Lachover, B., Koren, G., Levin, C., Zalman, L., & Koren, A. (2018). Detection of beta-
Thalassemia Carriers by Red Cell Parameters Obtained from Automatic Counters using
Mathematical Formulas. Mediterr J Hematol Infect Dis, 10(1), e2018008.
doi:10.4084/MJHID.2018.008

Rund, D., & Rachmilewitz, E. (2005). Beta-thalassemia. N Engl J Med, 353(11), 1135-1146.
doi:10.1056/NEJMra050436

Sabath, D. E. (2017). Molecular Diagnosis of Thalassemias and Hemoglobinopathies: An ACLPS
Critical Review. Am J Clin Pathol, 148(1), 6-15. doi:10.1093/ajcp/aqx047

Sadiq, M. F. G. (1999). Psychosocial and Economic Study of Families with B Thalassemic Children in
Northern Jordan. doi:10.2190/BDHX-8M2W-CGL4-NJ1D

Safdar, S., Mirbahar, A., Sheikh, M. A,, Taseer, l.-u.-H., Mustafa, A, Ali, Z., . . . Akhtar, T. (2017).
Economic Burden of Thalassemia on Parents of Thalassemic Children: A Multi-Centre
Study. Pakistan Journal of Medical Research, 56(3).

Saffi, M., & Howard, N. (2015). Exploring the Effectiveness of Mandatory Premarital Screening and
Genetic Counselling Programmes for beta-Thalassaemia in the Middle East: A Scoping
Review. Public Health Genomics, 18(4), 193-203. doi:10.1159/000430837

87


https://www.pcbs.gov.ps/
https://njcmindia.com/index.php/file/article/view/890

Samarah, F., Srour, M. A,, Yaseen, D., & Dumaidi, K. (2018). Frequency of Red Blood Cell
Alloimmunization in Patients with Sickle Cell Disease in Palestine. Adv Hematol, 2018,
5356245. doi:10.1155/2018/5356245

Sanctis, D. (2006). Impact of long-term iron chelation therapy on growth and endocrine functions
in thalassaemia. Journal of Pediatric Endocrinology and Metabolism.

Sankaran, V. G., Lettre, G., Orkin, S. H., & Hirschhorn, J. N. (2010). Modifier genes in Mendelian
disorders: the example of hemoglobin disorders. Ann N Y Acad Sci, 1214, 47-56.
doi:10.1111/j.1749-6632.2010.05821.x

Sawalha, A., Jodeh, D., Helo, F., & Sweileh, W. M. (2017). lliness Perception in Patients with
Thalassemia in Nablus, Palestine: A Pilot study. Palestinian Medical and Pharmaceutical
Journal (Pal. Med. Pharm. J.), 3(1), 7-13.

Seyam, S., & Assemi, A. (2010). Study of the knowledge in Guilan university students about
thalassemia. Nursing And Midwifery Journal, 8(3), 0-0.

Shah, F. T., Sayani, F., Trompeter, S., Drasar, E., & Piga, A. (2019). Challenges of blood transfusions
in beta-thalassemia. Blood Rev, 37, 100588. doi:10.1016/j.blre.2019.100588

Shahzad, A., Rafiq, N., Ullah, I., Asad, M. J., Ahmad, M. S., & Waheed, U. (2017). Knowledge,
attitude and practices (KAP) of the families of B-thalassaemia children in thalassaemia
centers of Rawalpindi and Islamabad, Pakistan. Blood transfusion (BT), 92, 22.24.

Sharkia, R., Tarabeia, J., Zalan, A., Atamany, E., Athamna, M., & Allon-Shalev, S. (2015). Factors
affecting the utilization of genetic counseling services among Israeli Arab women. Prenat
Diagn, 35(4), 370-375. doi:10.1002/pd.4550

Siddiqui, S., Steensma, D. P., & Kyle, R. A. (2017). Thalassemia and Thomas Benton Cooley. Mayo
Clin Proc, 92(11), e161-e162. doi:10.1016/j.mayocp.2017.06.024

Silbermins, D. (2012). Medical Secrets ((Fifth Edition) ed.).

Simpson, J. L., & Elias, S. (1993). Isolating fetal cells from maternal blood. Advances in prenatal
diagnosis through molecular technology. JAMA, 270(19), 2357-2361. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/8230600

Singh, G., Mitra, Y., Kaur, K., & Bhardwaj, K. (2019). Knowledge, attitude and practices of parents
of thalassemic children in District Patiala, Punjab, India. Int J Public Health Res, 6(1), 25-
34.

Sirdah, M. (2008). Determinants of hemoglobin level in adolescence students at Gaza Strip,
Palestine. International Journal of Health Research, 1(4).

Sirdah, M. M., Sievertsen, J., Al-Yazji, M. S., Tarazi, I. S., Al-Haddad, R. M., Horstmann, R. D., &
Timmann, C. (2013). The spectrum of beta-thalassemia mutations in Gaza Strip, Palestine.
Blood Cells Mol Dis, 50(4), 247-251. doi:10.1016/j.bcmd.2012.12.004

Spritz, R. A., Jagadeeswaran, P., Choudary, P. V., Biro, P. A., Elder, J. T., deRiel, J. K., . . . Weissman,
S. M. (1981). Base substitution in an intervening sequence of a beta+-thalassemic human
globin gene. Proc Natl Acad Sci U S A, 78(4), 2455-2459. doi:10.1073/pnas.78.4.2455

Srivastava, J., Sinha, N., Behera, S., Panja, S., Sarkar, B., & Rao, V. (2011). Knowledge, attitude and
practice study of beta-thalassemia in rural Bengal. Genet Clin, 4, 13-15.

Stamatoyannopoulos, G. (2005). Control of globin gene expression during development and
erythroid differentiation. Exp Hematol, 33(3), 259-271.
doi:10.1016/j.exphem.2004.11.007

Steven E. McKenzie MD, P. (2011). What are the clinical features of the B-thalassemia syndromes?

Tadmouri, G. O., Nair, P., Obeid, T., Al Ali, M. T., Al Khaja, N., & Hamamy, H. A. (2009).
Consanguinity and reproductive health among Arabs. Reprod Health, 6, 17.
doi:10.1186/1742-4755-6-17

Taher, A., Isma'eel, H., & Cappellini, M. D. (2006). Thalassemia intermedia: revisited. Blood Cells
Mol Dis, 37(1), 12-20. doi:10.1016/j.bcmd.2006.04.005

Takeshita, K. (1984). Intranuclear defect in beta-globin mRNA accumulation due to a premature
translation termination codon. doi:10.1182/blood.V64.1.13.13

88


https://www.ncbi.nlm.nih.gov/pubmed/8230600

Tarazi, I., Al Najjar, E., Lulu, N., & Sirdah, M. (2007). Obligatory premarital tests for B-thalassaemia
in the Gaza Strip: evaluation and recommendations. International Journal of Laboratory
Hematology, 29(2), 111-118.

Thein, S. L. (2004). Genetic insights into the clinical diversity of B thalassaemia. British journal of
haematology, 124(3), 264-274.

Thein, S. L. (2013). The molecular basis of B-thalassemia. Cold Spring Harbor perspectives in
medicine, 3(5), a011700.

Thein, S. L. (2018). Molecular basis of beta thalassemia and potential therapeutic targets. Blood
Cells Mol Dis, 70, 54-65. d0i:10.1016/j.bcmd.2017.06.001

Thein, S. L., & Rees, D. (2015). Haemoglobin and the inherited disorders of globin synthesis.
Postgraduate haematology, 72-97.

Thomas, E. D., Buckner, C. D., Sanders, J. E., Papayannopoulou, T., Borgna-Pignatti, C., De Stefano,
P.,...Storb, R. (1982). Marrow transplantation for thalassaemia. Lancet, 2(8292), 227-
229. doi:10.1016/s0140-6736(82)90319-1

Toman, H. A., Nasir, A,, Hassan, R., & Hassan, R. (2011). Skeletal, dentoalveolar, and soft tissue
cephalometric measurements of Malay transfusion-dependent thalassaemia patients. The
European Journal of Orthodontics, 33(6), 700-704.

TPFS. Thalassemia Patients' Friends Society. Retrieved from https://tpfs.ps/lang/en

TPFS. (2021). Thalassemia Patients in 2021. Retrieved from https://tpfs.ps/lang/ar

Traivaree, C., Monsereenusorn, C., Rujkijyanont, P., Prasertsin, W., & Boonyawat, B. (2018).
Genotype-phenotype correlation among beta-thalassemia and beta-thalassemia/HbE
disease in Thai children: predictable clinical spectrum using genotypic analysis. J Blood
Med, 9, 35-41. doi:10.2147/JBM.5159295

Trehan, A., Sharma, N., Das, R., Bansal, D., & Marwaha, R. K. (2015). Clinicoinvestigational and
demographic profile of children with thalassemia major. Indian J Hematol Blood Transfus,
31(1), 121-126. d0i:10.1007/s12288-014-0388-y

Treisman, R., Orkin, S. H., & Maniatis, T. (1983). Specific transcription and RNA splicing defects in
five cloned beta-thalassaemia genes. Nature, 302(5909), 591-596. doi:10.1038/302591a0

USDDS. (2020). Department of Health and Human Services, Office of Disease Prevention and
Health Promotion, Healthy People 2020. Washington, DC. Retrieved from
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-
health

Vichinsky, E., & Levine, L. (2015). Standard-of-Care Clinical Practice Guidelines; 2012. UCSF Benioff
Children's Hospital Oakland.

Vichinsky, E. P., MacKlin, E. A., Waye, J. S., Lorey, F., & Olivieri, N. F. (2005). Changes in the
epidemiology of thalassemia in North America: a new minority disease. Pediatrics, 116(6),
€818-825. doi:10.1542/peds.2005-0843

Viprakasit, V., & Ekwattanakit, S. (2018). Clinical Classification, Screening and Diagnosis for
Thalassemia. Hematol Oncol Clin North Am, 32(2), 193-211.
doi:10.1016/j.hoc.2017.11.006

Viprakasit, V., Limwongse, C., Sukpanichnant, S., Ruangvutilert, P., Kanjanakorn, C., Glomglao, W.,
... Tanphaichitr, V. S. (2013). Problems in determining thalassemia carrier status in a
program for prevention and control of severe thalassemia syndromes: a lesson from
Thailand. Clin Chem Lab Med, 51(8), 1605-1614. doi:10.1515/cclm-2013-0098

Vrettou, C., Traeger-Synodinos, J., Tzetis, M., Malamis, G., & Kanavakis, E. (2003). Rapid screening
of multiple beta-globin gene mutations by real-time PCR on the LightCycler: application to
carrier screening and prenatal diagnosis of thalassemia syndromes. Clin Chem, 49(5), 769-
776. doi:10.1373/49.5.769

Wahed, A., & Dasgupta, A. (2015). Chapter 4—hemoglobinopathes and thalassemias. Hematology
and coagulation. Elsevier.

89


https://tpfs.ps/lang/en
https://tpfs.ps/lang/ar
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-health
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-health

Wahidiyat, P. A., Yo, E. C., Wildani, M. M., Triatmono, V. R., & Yosia, M. (2021). Cross-sectional
study on knowledge, attitude and practice towards thalassaemia among Indonesian
youth. BMJ Open, 11(12), e054736. doi:10.1136/bmjopen-2021-054736

Weatherall, D. J., & Clegg, J. B. (2001). Inherited haemoglobin disorders: an increasing global
health problem. Bull World Health Organ, 79(8), 704-712. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/11545326

Weidlich, D., Kefalas, P., & Guest, J. F. (2016). Healthcare costs and outcomes of managing beta-
thalassemia major over 50 years in the United Kingdom. Transfusion, 56(5), 1038-1045.
doi:10.1111/trf.13513

Williams, T. N., & Weatherall, D. J. (2012). World distribution, population genetics, and health
burden of the hemoglobinopathies. Cold Spring Harb Perspect Med, 2(9), a011692.
doi:10.1101/cshperspect.a011692

Wong, C., Antonarakis, S. E., Goff, S. C., Orkin, S. H., Boehm, C. D., & Kazazian, H. H., Jr. (1986). On
the origin and spread of beta-thalassemia: recurrent observation of four mutations in
different ethnic groups. Proc Natl Acad Sci U S A, 83(17), 6529-6532.
doi:10.1073/pnas.83.17.6529

Wong, C., Dowling, C. E., Saiki, R. K., Higuchi, R. G., Erlich, H. A., & Kazazian, H. H., Jr. (1987).
Characterization of beta-thalassaemia mutations using direct genomic sequencing of
amplified single copy DNA. Nature, 330(6146), 384-386. doi:10.1038/330384a0

Wong, L. P., George, E., & Tan, J.-A. M. A. (2011). Public perceptions and attitudes toward
thalassaemia: Influencing factors in a multi-racial population. BMC public health, 11(1), 1-
9.

Wood, W. G. (1976). Haemoglobin synthesis during human fetal development. Br Med Bull, 32(3),
282-287. doi:10.1093/oxfordjournals.bmb.a071376

Yaseen, A. (2018). Red blood-cell alloantibodiesin multiply transfused patients in the occupied
Palestinian territory: a pilot study.

Yousuf, R., Akter, S., Wasek, S. M., Sinha, S., Ahmad, R., & Haque, M. (2022). Thalassemia: A
Review of the Challenges to the Families and Caregivers. Cureus, 14(12), e32491.
doi:10.7759/cureus.32491

Zahed, L. (2001). The Spectrum of beta-Thalassemia Mutations in the Arab Populations. J Biomed
Biotechnol, 1(3), 129-132. d0i:10.1155/51110724301000298

Zahed, L., & Bou-Dames, J. (1997). Acceptance of first-trimester prenatal diagnosis for the
haemoglobinopathies in Lebanon. Prenat Diagn, 17(5), 423-428. doi:10.1002/(sici)1097-
0223(199705)17:5<423::aid-pd68>3.0.co;2-p

Zamani, R. (2015). Survival Analysis and its Associated Factors of Beta Thalassemia Major in
Hamadan Province. Iranian Journal of Medical Sciences 40(3):233-239.

Zlotogora, J. (2009). Population programs for the detection of couples at risk for severe
monogenic genetic diseases. Hum Genet, 126(2), 247-253. doi:10.1007/s00439-009-0669-

y

90


https://www.ncbi.nlm.nih.gov/pubmed/11545326

Appendix 4.1 - Consent form
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Appendix 4.2 - Study questionnaires in English

Investigating p-Thalassemia Major Cases ¢"
Emerged after Obligatory Premarital Testing L j
in Palestine \wﬂj

Questionnaire

Section I: Families Information

1. Place of residence (Governorate'residence area)

Z Type of locality 1-Rural | 2- Urban 3-Camp

3. Monthly income LT 1]}

4. Type of housing 1- Rental 2= Orwned

5. (__‘unmnlguimty Between parents  (Mother and I- Yes - No
Father)?
If you answered yes, what is the degree of 1- First degree 2- Same family with

. consanguinity  between parents (Mother and relatives (First different grandfather!
Father)? Cousins) erandmother

. MNumber of thalassemia children in the family

8. Date of marriage {day/month/year) [ ] ] | [ ]| | (1] ]
If yvou were married before 2010, did you have any i

9 | thalassemia children before 20107 |01 ves - Ne

10, | As far as you know, were any of your children was I- Yes 2. No Don’t
diagnosed with thalassemia minor? ] Konow

I If yes, how many of your children were diagnosed D]

| with thalassemia minor?
12. | Did you have any miscarriages due to thalassemia? 1- Yes | 2- No

Section I1I: Parental Information

Father Mother
13, Full Name: 14. Full Name:
15. 1D Mumber: 16. 1D Number:
17. Date of birth | | | | | | | | | | | 18. Date of birth | | | | | | | | | | |
{dav/month/vear) (dav/month/vear)
19. Educational level for 1) Nliterate 20. Educational level for 1) Hliterate
Father (Current): 2) Can read & write Mother (Current): 2) Can read & write
3) Elementary 3) Elementary
4) Secondary 4) Secondary
3) Associate diploma 3) Associate diploma
&) Bachelor 6) Bachelor
7) High diploma 7) High diploma
¥} Master 8) Maste
Ph.D. Ph.D.
21. Father occupation: 22, Mother occupation:
23. Place of Birth (City/ | - -/ 24. Place of Birth (City/ —-
State): State):
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Questionnaire
23, Age at marriage 26, Age at marriage
(vears): D] (years): |:|:|
27. Educational level at 1) Nliterate 28. Educational level at 1) Miterate
marriage 2) Can read & write marfage 2) Can read & write
1) Elementary 3) Elementary
4) Secondary 4) Secondary
3) Associate diploma 5) Associate diploma
) Bachelor &) Bachelor
7) High diploma 7) High diploma
%) Master #) Master
9) Ph.D. ) Ph.D.
29. Have you been 1) Yes 30. Have you been 1) Yes
examined before 21 No examined before 2) No
petting married getting married
31. If ves, what was the | - -/ 32, If yes, what was the -
name of the name of the
laboratory where you laboratory where you
performed the test: performed the test:
33, Result 1) Carrier 34, Result 1} Carrier
2) Non-carrier 2} Non-carrier
35. Type of test (you can CBC 36. Type of test (you can CBC
choose more than Electrophoresis choose more than Electrophoresis
one option) DMA analysis one option) DNA analysis
Don't know Don’t know
37. CBC results of the 1- Hb 38. CBC results of the 1- Hb
pre-marital screening | 2- MCV pre-marital screening [ 2- MCV
test if available: 3- MCH test if available: 3- MCH
39. If no, what were the Lack of knowledge 0. If no, what were the Lack of knowledge
reasons of not doing Poverty reasons of not doing Poverty
the test (you can Religious beliefs the test (you can Religious beliefs
specify more than Family influence/ the specify more than one Family influence/ the
one reason) eldest reason) eldest
Lack of diagnostic Lack of diagnostic
features features
Other: Other:
41. Have any of your 1) Yes 42, Have any of your 1) Yes
family members 21 No family members 2) No
been diagnosed with 3) Don’t know been diagnosed with 3) Don’t know
Thalassemia Thalassemia
{parents, siblings, (parents, siblings,
grandparents, grandparents,
uncles/aunts)? uncles/aunts)?
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43. Have any of your
family members
been diagnosed as
Thalassemia carriers
{parents, siblings,
grandparents, uncles’
aunts)?

1) Yes
2) No
3) Don't know

44. Have any of your
family members
been identified as
thalassemia carriers
( parents, siblings,
grandparents, uncles/
aunts)?

I} Yes
2) No
3) Don’t know

45. Have any of your
family members
been diagnosed with
sickle cell disease
{parents, siblings,
grandparents, uncles’

1) Yes
2) No
3) Don’t know

46. Have any of your
family members
been identified with
sickle cell disease
(parents, siblings,
grandparents, uncles/

1) Yes
2} No
3) Don’t know

aunts)? aunts)?
47. Did you have any 1) Yes 48. Did you have any 1) Yes
information about 21 No information about 2) No

Thalassemia before
your first child was

Thalassemia before
your first child was

affected? affected?

49 If yves, what is the AWareness session 50. If yes, what is the Awareness session
source of your Relatives source of Relatives
information about Media information about Media
Thalassemia? Other: Thalassemia? Other:

31. Hawve you ever 1) Yes 52. Have you ever 1) Yes
received genetic 2) No received genetic 2) No

counselling?

3) Don’t know

counselling?

3) Don’t know
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Questionnaire
Part 11: Patients Information
33. | Full Name:
54. | 1D Number:
55. | Date of birth (day/month/vear) [ 1] [[ ] ([ 1 [ |
36. | Gender: 1- Male 2- Female
57. | Father Full Name: | |
38. | Father ID Number: | | | | | | | |
59, | Mother Full Name: | |
60. | Mother 1D Number:
61. | Family Phone Number:
62. | Treatment care unit:
63. | Total number of siblings including patient:
eldest.
t4. | Birth order among siblings: youngest.
Others: ee—eee-aas
65. | Completed years of education:
66, | Blood type 1) A+ 2] A-
3) B+ 1) B-
5) AB+ ) AB-
7) O+ 8 O-
67. | Underwent a bone marrow transplantation 1) Yes 2}y No
68, | Underwent splenectomy 1) Yes 2) No
6%, | Medical diagnosis 1) p-Thalassemia major
2) Sickle cell-thalassemia
3) Other:
70, | Age at diagnosis (vears)
71. | Treatment with blood transfusion 1) Transfusion-Dependent Thalassemia (TDT)
2) MNon-Transfusion-Dependent thalassernia (NTDT)
3) Other:
72. | Age at first transfusion (years)
73. | Were other children diagnosed (patient’s 1) Yes
siblings) with Thalassemia? 21 Mo
74. | If the answer is ves, how many?
75 | Patient’s blood transfusion 1= Irregular 2- Regular
7. | How often does the patient transfuse? | Times
between transfusions) in weeks
77. | While mother being pregnant; have she 1) Yes
performed a CV'S test during this pregnancy? 2y No
3) Don’t know
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Questionnaire
Section 111: Maternal Perceptions Towards Thalassemia

79. Knowledge about Thalassemin

Statement Yes No

58.1.1s Thalassemia a genetic disease

58.2.Do both parents of Thalassemia children carrv abnormal genes

58.3.Does a Thalassemia child's mother have a 25% chance in each pregnancy to bear a
diseased child

58.4.Does consanguineous marriage play a role in the transmission of the disease to the
upcoming generation

58.5.Does a marriage between a healthy person and a carrier lead to a major
Thalassemia child

38.6.Does a marnage between carmers lead to a major Thalassemma

58.7.5hould a prenatal diagnosis be performed if both partners are Thalassemia carriers

58.8.Can a couple with minor Thalassemia marry each other

58.9.Can minor Thalassemia be curable

Strongly
disagree

Strongly
agree

Statement Agree | Neutral | Disagree

80, Attitndes towards Thalassemia

39.1.1s there a need to prevent Thalassemia

39.2.1 don™t mind if there is more Thalassemia

39.3.Do a Thalassemia mother and father miss fun
and Joy

594 Thalassemia is a social and economic burden

59.5.Taking care of children with Thalassemia
demands too much of me

39.6.We have no right to prevent Thalassemia

39.7. Testing for Thalassemia before marriage

59.8_The need for legislations for premarital
screening

9.9 Thalassemia carriers should not get married

59.10. It's not preferable that Thalassemia
carriers can have children

59.11. Thalassemia is a social stigima

6. Antitudes towards prenatal diagnosis

640,115 it preferable to know if you are carrying a
Thalassemia baby

602 Would you do the test if it is available

60.3.You don't want to know if the baby is
Thalassemic

0.4 Tests for Thalassemia during pregnancy are
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| not useful | | |

61. Attitudes towards the termination of pregnancy

61.1_Disapprove of pregnancy termination

61.2.1 will not prevent a Thalassemia from being
born

61.3.1f during pregnancy period and before the
soul inspiration you found out that the fetus
is affected by Thalassemia, would you agree
on medical abortion?

61.4.1t 15 better to terminate a pregnancy than
allowing a child to suffer

61.5. Abortion of Thalassemia fetus is forbidden
regardless of the gestational age

62. Practices towards Thalassemia Yes N

62.1.Were vour other children screened for Thalassemia?

62.2_ Do vou perform prenatal screening?

62.3. Have you motivated anyone to do premarital screening?

62.4.Do you wish to have more children despite having sick ones already?

625 Is your child's disease known to your relatives?
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Appendix 3 - Study questionnaire in Arabic
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Appendix 3 - Study questionnaire in arabic (Continued)
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Appendix 4.3 - Study questionnaire in arabic (Continued)
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