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Abstract

Introduction: Thalassemia is a common genetic disorder that requires regular blood
transfusions, which can increase the risk of transfusion-transmitted infections (TTIs) like
Hepatitis B (HBV) and Hepatitis C (HCV). Current screening methods for blood donors
may not be sufficient to detect all TTIs, and stricter protocols are needed to minimize
these risks. Improved screening methods and blood bank practices are crucial to protect

B-thalassemia patients from TTIs.

Objective: To determine the prevalence of hepatitis C and B virus among thalassemic

patients in Yemen.

Methods: This was a retrospective descriptive cross-sectional study conducted at the
Yemen Society for Thalassemia and Genetic Blood Disorder (YSTH), Sana’a, Yemen
2023. The study involved All patients who fulfilling inclusion criteria (490 patients). The
data collected by checklist, then organized and entered to Excell sheet. The data was
analyzed by IBM SPSS version 29, Both descriptive and inferential statistics was done a

P <0.05 is considered significant in all tests.

Results: In total, 490 patients participated in this study, with a mean age 12.3 £7.34 years,
more than half of the patients were male, the highest frequency of patient diagnosis
occurred in 2015. In addition, more than half of the patients (53.5%) were from urban
areas, more than one fifth of patients from Hajjah (22.9%), followed by Sana'a (13.9%)
and Amran (13.5%). This study revealed that most patients had beta-thalassemia, (45.5%)
and 40% with beta-thalassemia major. The prevalence of HCV was (3.5%) and HBV
(1%), unfortunately majority of patients (84.3%) haven’t received HBV vaccine.
Furthermore, there was no statistically significant association between HBV or HCV

status and demographic data.

Conclusion and recommendations: The prevalence of thalassemia is notably higher in
Hajjah, followed by Sana’a and Amran. The prevalence of HCV was 3.5% and HBV was
1%. It is imperative to educate the population about premarital tests and the importance
of vaccination. Additionally, comprehensive training courses on blood transfusion and
infection control are necessary for healthcare providers to ensure safe and effective care

while minimizing the risk of infection transmission.

Key words : Thalassemia, HBV , HCV , Yemen
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1.1 Introduction:

Thalassemia is one of the most common genetic abnormalities worldwide,
affecting approximately 3% (1.5 million) of the population and resulting in serious health
problems such as increased morbidity, premature death, and emotional strain on affected
families. Thalassemia is a group of hereditary hemolytic anemias defined by the defective
synthesis of one or more globin chains of hemoglobin. Thalassemia is classified into two
main types: alpha (o) and beta (). Beta thalassemia is caused by a mutation in the beta-
globin gene, and alpha thalassemia is caused by a mutation in the alpha-globin gene @,
The breakdown of RBCs characterizes B-thalassemia because of defective synthesis of
the B-globin chain, leading to the complete absence of o or reduced synthesis of f+ in
B-globin chains. Clinically, B-thalassemia is classified into three major subtypes
depending on disease severity. These subtypes are transfusion-dependent B-thalassemia
major (BTM), moderate [-thalassemia intermedia (BTI), and asymptomatic f-
thalassemia trait (BTT) @. Approximately 1.5% (1-20%) of the world population is
known to be carriers of Pf-thalassemia. A high prevalence of f-thalassemia carriers was
reported in the Mediterranean region, Africa, Southeast Asia, and the Middle East (& 3 %),
Management of thalassemia patients depends on regular blood transfusions; however,
complications include iron overload and transfusion-transmitted infections, which may

increase the rate of morbidity and mortality @

B-thalassemia patients are at high risk of acquiring viral infections such as HBV
and HCV. Also, the incidence of hepatitis among thalassemia patients has been reduced
following the implementation of the HBV vaccine and the screening of transfused blood
components for HBV and HCV; a significant prevalence of HBV and HCV among

thalassemia patients is still reported ©),

HBYV is one of the most widespread viral infections and is considered the 10th
most common cause of death. The most frequent symptoms of hepatitis B are nausea and
jaundice; however, the clinical picture varies among individuals © 7). when the patient
dies after 3045 s due to an HBV infection. According to the CDC USA, HBV is 10 times
more contagious than HCV ®. Studies reported that large numbers of individuals have

asymptomatic, chronic, and occult hepatitis B infection ©).
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Thalassemia patients are at risk of infection due to frequent blood transfusions
along with their constituents 9, To minimize the spread of HBV infection, most blood
transfusion services use an ELISA test for HBsAg detection during donor screening.
However, cases of post-transfusion hepatitis have been reported, indicating that the
ELISA technique is not entirely effective. The HBSAQ test is a rapid test routinely used
for screening blood donors. It is a simple qualitative test, and the result is read visually
within minutes. The test is not reliable because of its lower sensitivity, specificity, and
subjective evaluation of its result. The nucleic acid amplification technology (NAT) test
is an advanced molecular test that detects specific target DNA or RNA segments of the
virus amplified in vitro, enabling the detection of low levels of virus in the blood sample
by increasing the specific target RNA or DNA present at a detectable level. NAT testing
is the most highly recommended and reliable method of donor screening in developed

countries 1),

HCV is an RNA virus from the hepacivirus genus and belongs to the Flaviviridae
family. It is a hepatotropic virus. Nearly 180 million people are infected with chronic
hepatitis, with a prevalence of around 2%, and about 3—4 million individuals are being
infected every year globally. Six genotypes have been recognized among the hepatitis C
viruses identified worldwide @2:13), The prevalence of HCV in B-thalassemia patients has
been reported in published studies conducted on multi-transfused thalassemia patients 1%
14). The higher risk of HCV infection in B-thalassemia patients is mainly linked with the

mean age of the patients, the mean duration, and the extent of blood transfusion.

HBV and HCV infections among thalassemia patients are one of the major health
problems in Yemen. Screening for HBsAg and HCV antibodies in blood donors using
high-quality techniques should be performed to avoid such problems. In Yemen, where
more than 70% of blood donors are family, replacement, and paid donors %), There is a
higher risk of getting hepatitis viruses. In studies conducted among thalassemia patients
in Sana‘a City, the HBV was positive in 3.5% of the patients ), while among sickle cell
anemic patients in Bait Al-Fageeh, Al-Hodeidah Governorate, the hepatitis B surface
antigen was found in 35 patients (35%) (). Also, previous studies mentioned that
thalassemia is a serious problem, where the prevalence of the thalassemia trait in
outpatient clinics in Sana'a City is 13.3% (beta thalassemia trait 4.4%, alpha thalassemia
trait 8.9%) (18), Multi-transfused thalassemia patients are a population at high risk for



Chapter 1 INTRODUCTION

blood-borne viral infections, especially HBV and HCV, which can cause post-transfusion
hepatitis. The reported frequency of infection varies significantly for different countries
due to the different prevalence and sensitivity of the diagnostic methods (), So, the aim
of this study is to determine the prevalence of hepatitis B and hepatitis C viruses among

thalassemic patients and their relationship with blood transfusion.

1.2 Problem Statement:

Thalassemia is a genetic blood disorder that requires regular blood transfusions,
making thalassemia patients particularly vulnerable to infectious diseases such as
hepatitis B and C. Subsequently examine the prevalence Hepatitis B &C Virus among
thalassemia patients is essential to address the increasing prevalence of Hepatitis B
and C virus among thalassemia patients in order to prevent further transmission and

improve the health outcomes of affected individuals.

1.3 Research Question

- What is the prevalence of hepatitis C and B virus among thalassemic patients

in attending YSTGBD?

1.4 Study justifications

1. The lack of previous studies on prevalence of HBV, HCV among thalassemia

patient despite the increasing infection rate.

2. Several risk factors are associated with the acquisition of Hepatitis C and
hepatitis B infection in thalassemic patients. These include increased age
duration of transfusion and HBSAG Seropositivity. A recently published study
identified at least ten transfusions per year and age more than 10 years in
addition to co-infection with Hepatitis B to be significantly associated with the

risk of acquiring Hepatitis C infection.

3. To reduce the risk of transmission of infections associated with transfusions, the
donor blood is screened for common pathogens such as Hepatitis B, Hepatitis C,
and HIV. We decided to determine the prevalence of viral hepatitis B and C and
the risk factors associated with the transmission of Hepatitis C in thalassemic
patients registered with our department. We thought that the resulting

information could be used to revise the current management strategies in place.
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4. Raise awareness regarding the need for urgent action including the hepatitis
vaccines among thalassemic patients to prevent the transmission of HBV and
HCV.

1.5 Objectives:

1.5.1 General objective:

- To determine the prevalence of hepatitis C and B virus among thalassemic
patients attending Yemen

1.5.2 Specific objectives:

- To determine the prevalence of hepatitis C virus.

- To determine the prevalence of hepatitis B virus.

- To identify the geographic distribution of thalassemia patients.

- To identify the associated diseases (complications) among thalassemic
patients.

- To identify the surgical operations that were carried out.

- To find a relationship between the seroprevalence status of HCV / HBV and
demographic data of the patients.

- To find a relationship between the seroprevalence status of HCV / HBV and

frequency of blood transfusion and serum ferritin.

1.6 Research hypothesis:

1.5.1 Null Hypothesis: There is no significant difference in the prevalence of hepatitis

C and B virus and demographic data among thalassemic patients in Yemen.

1.5.2 Alternative Hypothesis: There is a significant difference in the prevalence of

hepatitis C and B virus and demographic data among thalassemic patients in Yemen.
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2.1 Background



2.1 Definition of Thalassemia:

Thalassemia is derived from the Greek word "Thalassa” meaning sea. This is a
congenital autosomal recessive infirmity of hemoglobin (Hb) with a predominant
incidence in the Indian subcontinent, Mediterranean and Middle Eastern nations, and
Southeast Asia @9,

Thalassemia is an inherited disorder of Hb. There is a reduction or absence of
production of one or more globin chains of Hb tetramers, thereby leading to uncontrolled
destruction of RBC directed toward grievous anemia. There are two types of thalassemia,
a, and B, which are frequently found. This is based on the involvement of the globin chain

Alpha thalassemia and Beta thalassemia @%

Thalassemia minor (carrier, heterozygous): is caused by one mutated gene. The
patients usually have no clinical manifestations and only sometimes they have mild
anemia 22 Often asymptomatic and only discovered in routine blood tests, where the
MCV and MCH are found to be low. The blood film may be normal @4,

Thalassemia intermedia (patient, homozygous): patients whose anemia does not
require regular transfusion ®®. Huge number of genotypes giving rise to one phenotype ,
varying degree of anaemia so may require transfusion , Have hypochromic microcytic

indices and may require splenectomy if recurrent haemolytic episodes 4

Thalassemia major (patient, homozygous): due to deficiency in both alleles of
beta genes, the patients manifest with severe anemia that necessitate blood transfusion.
This disease starts to manifest after 6 months of life when fetal hemoglobin (Hb-gamma)
disappears and is replaced by adult HbA @5, Without treatment they get: extramedullary
haemopoiesis, with frontal bossing, left ventricular failure secondary to anaemia ,
hepatosplenomegaly and short stature 4,

Hemoglobin (HD) is the protein contained in red blood cells that is responsible for
delivery of oxygen to the tissues. The amount of hemoglobin in whole blood is expressed
in grams per deciliter (g/dl). The normal Hb level for males is 14 to 18 g/dl; that for
females is 12 to 16 g/dI @6:27),

Hepatitis B virus (HBV), a partially double-stranded hepatotropic DNA virus, is

the etiological agent of acute and chronic hepatitis B in humans ©



Chapter 2 LITERATURE REVIEW

Hepatitis C: is an infectious disease caused by the hepatitis C virus (HCV), which
is an RNA virus of the family Flaviviridae. HCV infection can cause acute hepatitis C;
following acute infection, 50-80% of patients develop chronic hepatitis C. Chronic HCV
infection triggers a chronic inflammatory disease process, which might lead to liver

fibrosis, cirrhosis, hepatocellular carcinoma and death 9.
2.2 Pathophysiology of Thalassemia:

Thalassemia is autosomal recessive, which means both the parents must be

affected with or carriers for the disease to transfer it to the next generation@V)

Hemoglobin consists of an iron-containing heme ring and four globin chains: two
alpha and two non-alphas. The composition of the four globin chains determines the
hemoglobin type. Fetal hemoglobin (HbF) has two alpha and two gamma chains (alpha2
gamma2). Adult hemoglobin A (HbA) has two alpha and two beta chains (alpha2 beta2),
whereas hemoglobin A2 (HbA2) has two alpha and two delta chains (alpha2 delta2). At
birth, HbF accounts for approximately 80 percent of hemoglobin and HbA accounts for
20 percent. the transition from gamma globin synthesis (HbF) to beta globin synthesis
(HbA) begins before birth. By approximately six months of age, healthy infants will have
transitioned to mostly HbA, a small amount of HbA2, and negligible HbF @9,

Thalassemia caused by mutations or deletions of the Hb genes, resulting in
underproduction or absence of alpha or beta chains. Alpha thalassemia is caused by
deletions of alpha-globin genes, and beta thalassemia are caused by a point mutation in
splice site and promoter regions of the beta-globin gene on chromosome 11 @b,

2.3 Epidemiology of Thalassemia:

Thalassemia is a widespread disorder with a high prevalence in the Mediterranean
region, parts of North and West Africa, the Middle East, the Indian subcontinent,
Southeast Asia, and South China. The global prevalence of thalassemia is estimated to
affect about 5% of the world population, with approximately 200 million people
worldwide having some form of haemoglobinopathy. The highest prevalence of
thalassemia is found in the thalassemia belt, which includes the Mediterranean region,
parts of Africa, the Middle East, and Southeast Asia. A systematic review and meta-
analysis in Gulf area the prevalence of thalassemia among children below five years of
age ranged from 0.25% to 33%, while it was 0.9% in children above five years and from



Chapter 2 LITERATURE REVIEW

0.035% to 43.3% among adult thalassemia patients. The prevalence of thalassemia varies
among different ethnic groups and castes, with consanguinity playing a major role in its

prevalence in certain populations ©0-32
2.4 History and Physical examination :

Thalassemia presentation varies widely depending on the type and severity. A
complete history and physical examination can give several clues that are sometimes not

obvious to the patient themselves. The following findings can be noted ?133)
Fatigue:

Patients usually report fatigue due to anemia as the first presenting symptom.
Skin

Skin can show pallor due to anemia and jaundice due to hyperbilirubinemia resulting from
intravascular hemolysis. Extremities examination can show ulcerations. Chronic iron

deposition due to multiple transfusions can result in bronze skin.
Musculoskeletal

Extramedullary expansion of hematopoiesis results in deformed facial and other skeletal

bones and an appearance known as chipmunk face.
Cardiac

Iron deposition in cardiac myocytes due to chronic transfusions can disrupt the cardiac
rhythm, and the result is various arrhythmias. Due to chronic anemia, overt heart failure

can also result.
Abdominal

Chronic hyperbilirubinemia can lead to precipitation of bilirubin gall stones and manifest
as typical colicky pain of cholelithiasis. Hepatosplenomegaly can result from chronic iron
deposition and also from extramedullary hematopoiesis in these organs. Splenic infarcts

or autophagy result from chronic hemolysis due to poorly regulated hematopoiesis.
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Hepatic:

Hepatic involvement is a common finding in thalassemias, particularly due to the chronic
need for transfusions. Chronic liver failure or cirrhosis can result from chronic iron

deposition or transfusion-related viral hepatitis.

Slow Growth Rates: Anemia can inhibit a child's growth rate, and thalassemia can cause
a delay in puberty. Particular attention should focus on the child's growth and

development according to age.

Endocrinopathies: Iron overload can lead to its deposition in various organ systems of
the body and resultant decreased functioning of the respective systems. The deposition of
iron in the pancreas can lead to diabetes mellitus; in the thyroid or parathyroid glands can
lead to hypothyroidism and hypoparathyroidism, respectively. The deposition in joints
leads to chronic arthropathies. In the brain, iron prefers to accumulate in the substantia
nigra and manifests as early-onset Parkinson's disease and various other physiatry

problems.
2.5 Laboratory diagnosis of thalassemia:

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

+ \_

Low MCV (<80 fl) + ! !
Low MCH (<27 pg) i Other causes of !

I. Primary anemia?
haematology \1, T
tests P S S e - .
* Microcytosis " i Consider iron :
+ Hypochromia —>  Serum ferritin > ! deficiency anemia i
+ Target cells <12 ng/mL i et i /
+/- Inclusion bodies(HbH) ‘,l’ ............. :
| i Adequate iron f
Serum ferritin >12 ng/mL i supplement for 3 :
| i months i
Hb electrophoresis & HPLC (W]
Il. Type of
thalassaemia I | | | |
HbA, = 4% HbA, < 4% HbA, = 4% Ly 254'3/5% + Other normal
HbF 0.1-5% HbF < 1% HbF >5-50% + HbZCS/F:S Hb variant
2 B-thal nia a-thal. nia B-thal nia Hb E disorders
IIl. Genetic trait traits and related intermedia Hb H disease Hb S disorders
testing disorders Hb C disorders

b S

DNA analysis for a- and -globin mutations

Figure 1: Diagnostic flowchart for identification of thalassemia ¢4
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Hematologic finding:

Red blood cells indices microcytic hypochromic anemia, nucleated red blood cells on
peripheral blood smear, and hemoglobin analysis that reveals decreased amounts of HbA

and increased amounts of hemoglobin F %),
Peripheral blood smear

The peripheral blood smear is an important diagnostic tool for thalassemia. It can reveal
characteristic RBC morphology such as microcytosis, hypochromia, anisocytosis, and
poikilocytosis. However, it is not possible to define a specific type of thalassemia based

solely on RBC morphology ©9).
Qualitative and quantitative hemoglobin analysis

hemoglobin A (HbA) which has two globin alpha and two globin beta chains (a2 2),
hemoglobin F (HbF) which has two globin alpha and two globin gamma chains (a2 y2),
hemoglobin A2 (HbA2) which has two globin alpha chains and two globin delta chains
(02 82) .These methods provide both qualitative and quantitative analysis of hemoglobin
components, allowing for the detection of specific hemoglobin variants and thalassemia

mutations 7
Molecular Genetic Analysis

Molecular studies are necessary to identify mutations in globin genes, which are
responsible for thalassemia and hemoglobinopathies. These studies help in making a

definitive diagnosis of thalassemia (38

I'ron studies: (serum iron, ferritin, unsaturated iron-binding capacity (UIBC), total iron-
binding capacity (TIBC), and percent saturation of transferrin) are also done to rule out

iron deficiency anemia as the underlying cause.

11
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2.6 Differential Diagnosis of Thalassemia @V :
o lron deficiency anemia: This is ruled out by iron studies and Mentzer index.

« Anemia of chronic disease and renal failure: Elevated markers of inflammation
(CRP, ESR) point in this direction.

« Sideroblastic anemias: These are ruled out by iron studies and peripheral blood

smeatr.

o Lead poisoning: This is ruled out by measuring serum protoporphyrin level.

2.7 Treatment / Management of Thalassemia:
Thalassemia treatment depends on the type and severity of the disease.
Mild thalassemia (Hb: 6 to 10g/dl):

Signs and symptoms are generally mild with thalassemia minor and little if any, treatment
is needed. Occasionally, patients may need a blood transfusion, particularly after surgery,

following childbirth, or to help manage thalassemia complications ¢V
Moderate to severe thalassemia (Hb less than 5 to 6g/dl):
Blood transfusions:

The patients with beta-thalassemia major require periodic and lifelong blood transfusions
regularly washed RBCs or leukocyte-depleted RBCs, according to a standardized

protocol to maintain a hemoglobin level greater than 10 g / dL (100 g per L) @9,
Iron Chelation therapy:

Iron chelation is important to avoid complications of iron overload and could prove
survival in patients with beta-thalassemia major “% .Iron chelation therapy should be
started when the serum ferritin level is greater than 1000 ng/ml, so there are three main
chelators that can remove the excess iron overload from the body such as deferoxamine
in a dosage of (30-50 mg/kg) is administered subcutaneously over a period of 8-12 hours
on five nights each week, oral deferiprone (75-80 mg/kg/day divided into three doses)
and oral deferasirox (20-40 mg/kg/day once a day) ®%49 . Deferiprone and deferasirox

are oral chelators that have come into the clinic in recent years, but they are different in

12
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molecular weight and leading to differences in intestinal absorption, so deferoxamine was
the only available iron chelator for several decades ¢,

Bone marrow transplant:

Stem cell transplantation is the only cure for thalassemia. It has witnessed major
developments that have made it less toxic, more successful, and feasible for a larger
number of patients with diverse comorbidities and from a wider range of donors, also
advances in human leukocyte antigen (HLA) typing have greatly refined alternate donor

selection with results of matched unrelated donors similar to matched sibling donors “2),

Splenectomy: Patients with thalassemia major often undergo splenectomy to limit the
number of required transfusions. Splenectomy is the usual recommendation when the
annual transfusion requirement increases to or more than 200 to 220 mL RBCs/kg/year
with a hematocrit value of 70%. Splenectomy not only limits the number of required
transfusions but also controls the spread of extramedullary hematopoiesis. Post
splenectomy immunizations are necessary to prevent bacterial infections,
including Pneumococcus, Meningococcus, and Hemophilus influenzae. Post
splenectomy sepsis is possible in children, so this procedure is deferred until 6 to 7 years

of age, and then penicillin is given for prophylaxis until they reach a certain age @%.
2.8 Hepatitis C virus (HCV):

Hepatitis C virus (HCV) infection is a major concern for the public health
worldwide in both developing and developed countries. Transmission of HCV infection
is mainly by exposure to infected devices and tools despite rigid hygienic control, infected
blood or blood products, hemodialysis, intravenous (IV) drug abuse, and organ

transplantation “3

Infections with the hepatitis C virus (HCV) are pandemic, and the World Health
Organization (WHO) estimates a world-wide prevalence of 3%. In Middle Europe,

approximately 1% of the population is infected “4).

A systematic review and met analysis study revealed that pooled HCV prevalence
in the general population was 1.8% and among blood donors the prevalence ranged from
0.2 to 3.0% depending on governorate of origin. The highest prevalence within the
general population groups was reported among pregnant women in one study (8.5%)

followed by a study of African migrant community living in a Shanty town in Sana‘a

13
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(5.2%). Among high-risk populations, HCV prevalence among hemodialysis patients was
40.0% in 1999 and 62.7% in 2007. Among patients with acute and chronic liver disease
it was 74.1% (49,

2.9 Epidemiology of Hepatitis C Virus among thalassemia patients:

The prevalence of Hepatitis C Virus (HCV) among thalassemia patients varies
across different regions. In South Iran, the prevalence of HCV infection among -
thalassemia patients was found to be 17.6%, with genotype 3a being the most common
genotype 14, In Peshawar, Pakistan, the frequency of HCV in beta-thalassemia patients
was 18.5% “®) | Another study in Iraq states that the prevalence rate of HBV was 2.5% (|

male and 1 Female) which was significantly associated with family history of hepatitis®“?.

Pervious study in Yemen reported that 15.4% (30/195) of children were
seropositive for the antibodies against HCV, 13.3% (26/195) were infected with hepatitis
B as confirmed by HBsAg seropositivity, and 4.1% (8/195) were concomitantly
seropositive for HBsAg and anti-HCV ©8).  These findings highlight the high risk of HCV
infection among thalassemia patients, particularly those who receive multiple blood
transfusions. It is important to implement effective screening and prevention strategies to

reduce the transmission of HCV in this vulnerable population.
2.10 hepatitis B virus (HBV):

HBV, or hepatitis B virus, is a hepatotropic virus that can cause chronic hepatitis
and hepatocellular carcinoma. It is a major global public health concern, with
approximately 3.5% of the world's population currently chronically infected “9). The
clinical outcome of HBV infection depends on the interplay between viral replication and
the host immune response, with adaptive immunity playing a crucial role in controlling
and clearing the infection 9. Acute HBV infection can range from mild hepatitis to
fulminant hepatitis, with a more severe course often observed in HBV/HDV co-infection
®1), Interferons (IFNs) are cytokines with antiviral properties that are used for the
treatment of HBV infection, and they induce the expression of IFN-stimulated genes
(ISGs) responsible for inhibiting HBV replication ©2),

2.11 Epidemiology of HBV inn thalassemia patients

The prevalence of hepatitis B virus (HBV) in thalassemia patients varies across

different studies: study conducted in India, the seroprevalence of HBsAg (HBV surface
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antigen) was found to be 0.5% among multi-transfused thalassemic patients %), However,
in Pakistan, the seroprevalence of HBV in thalassemia major patients ranged from 0.66%
to 7.4% (54). IN Yamen literature showed that 13.3% (26/195) were infected with
hepatitis B as confirmed by HBsAg seropositivity, and 4.1% (8/195) were concomitantly
seropositive for HBsAg and anti-HCV “9),

These variations in prevalence may be attributed to factors such as geographic
location, screening programs, and the implementation of preventive measures. It is
important to note that the prevalence of HBV in thalassemia patients should be regularly
monitored, and appropriate measures should be taken to prevent transmission, such as

vaccination and screening of blood products.
2.12 Patient Education %

Patients should be educated to keep a check on their disease by following an appropriate
treatment plan and adopting healthy living habits.

e Avoid excess iron. Unless the doctor recommends otherwise, patients should

avoid multivitamins or other supplements that contain iron.

« Eat a healthy diet. Eating a balanced diet that contains plenty of nutritious foods
can help the patient feel better and boost energy. Doctors sometimes also

recommend taking a folic acid supplement to help make new red blood cells.

o Avoid infections. Patients should try maximally to protect themselves from
infections, especially following a splenectomy. An annual flu shot, meningitis,

pneumococcal, and hepatitis B vaccines are recommended to prevent infections.

« Patients should also receive education about the hereditary nature of the disease.
If both parents have thalassemia minor, there is a 1/4th chance that they will have
a child with thalassemia major. If one parent has beta-thalassemia minor and the
other parent has some form of beta-globin gene defect, i.e., sickle cell defect, they

should also be counseled about the possibility of disease transfer to their children.

o Patients with thalassemia should understand that their disease is not due to iron
deficiency and that iron supplements will not cure the anemia; in fact, it will lead

to more iron buildup if they are already receiving blood transfusions.
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2.13 Previous studies

1. Al-Shawia et al. (Yemen ,2021) conducted a descriptive cross-sectional study to
determine incidence of hepatitis B virus and risk factors among Multi-Transfused
Beta Thalassemia Patients attending at The Yemeni Society for Thalassemia and
Genetic Blood Disorder (YSTGBD) Sana'a —Yemen. There were 200 Blood samples
were collected from beta thalassemia patients attending at (YSTGBD). All samples
were examined using the ECLIA technique, during which the basic information was
collected through special questionnaires for this purpose. The rate of incidence by
HBsAg in all study samples was determined to be 7(3.5%). The study showed that
there was a statistically significant relationship between infection with the hepatitis B
virus and the age group of more than 10 years age (P = 0.042), in addition to that
number of blood transfusions received by HBsAg positive was significantly higher
than that of HBsAg negative thalassemia patients (P = 0.022) (9),

2. Jallab et al. (Iraq, 2020) carried out a retrospective cross-sectional study to estimate
the prevalence of HBV and HCV in beta thalassemic major patients in Ad-Diwayah
governorate. The study had been collected from patients, their guardians and from the
records. The prevalence rate of HBV was 2.5% (I male and 1 Female) which was
significantly associated with family history of hepatitis; while the prevalence rate of
HCV was 3.8% (1male and 2 female) which was significantly associated with age and
family history of hepatitis 7).

3. Akhtar et al. (Pakistan, 2020) conducted a systematic review and meta-analysis study
to summarize the prevalence of HCV infection in f-thalassemia patients in Pakistan.
They identified a total of 229 potential studies, of which 27 studies were finally
considered in the meta-analysis. The pooled prevalence of HCV in g-thalassemia
patients in Pakistan was 36.21% (95% CI:. 28.98-43.75%) based on 5789 f-
thalassemia patients, but there was considerable heterogeneity. Meta-analysis
estimated the HCV prevalence among the S-thalassemia patients at 45.98% (95% ClI:
38.15-53.90%) in Punjab, 31.81% (95% CI: 20.27-44.59%) in Sindh, and 28.04%
(95% CI: 13.58-45.26%) in Khyber Pakhtunkhwa. Meta—regression analysis showed
that geographical location was a key source of heterogeneity. Rhey concluded that the
pooled prevalence of HCV in p-thalassemia patients in Pakistan was more than one
in three, and higher than in neighbouring countries. It varies regionally within the

country. With the use of standard prevention procedures during blood transfusion, the
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risk of HCV transmission in g-thalassemia patients could be controlled and the
prevalence of HCV in S-thalassemia patients reduced ©%,

4. Al-Sharifi et al. (Iraqg ,2019) carried out a cross-sectional study on 100 Mult
transfused thalassaemic patients for 2 months to assess the prevalence of hepatitis B
and C viruses in thalassaemic patients and its relationship with type of thalassemia,
blood transfusion, and spleen status. Twelve (12%) patients had a positive HBCAD,
while 3 (3%) had HBsAg positivity, higher percentage of HCV-infected patients
(91%) received regular every 1-month blood transfusion, 50% of hepatitis C patients
had splenomegaly, and 20.7%had splenectomy. They concluded that the good and
sensitive screening tests and stringent donor selection processes are required for the
better control of this transfusion-transmitted infection among thalassaemic patients
(56).

5. Murtaza et al. (2023, Pakistan) carried out the descriptive cross-sectional study to
determine the prevalence of hepatitis B and C among beta-thalassemia major patients
at a tertiary care Hospital: A total of 87 patients with beta thalassemia major were
studied; their mean age was 10.0+3.68 years. Males were 55.8% and females were
44.8%. Out of all 35.6% patients were infected by HCV, while only one patient found
with HCV and HBV co-infection. As per the stratification, HCV infection was
significantly linked to age more than 10 years (p-0.001), while statistically
insignificant according to gender (p-0.344). As per the study conclusion, HCV
infection was observed to be highly prevalent among patients with beta-thalassemia
major. It was positively related to the blood transfusions. Unfortunately, due to the
high incidence of these viruses in individuals with beta thalassemia, it would appear
that the precautions used in blood preparation and testing to prevent infections

that are transferred by blood transfusion are still insufficient 22,
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3.1. Study design:

A retrospective cross-sectional study was conducted at the Yemen Society for
Thalassemia and Genetic Blood Disorder (YSTGBD).

3.2. Study period:
The study was carried out during the period 2023 to 2024.
3.3. Study area:

Sana’a is the capital of Yemen and the largest city of Yemen, located in the north of
Yemen, involve 10 districts, the weather is cold most of the year and population in Sanaa's
(2023) estimated at 3,292,497 (5758),

The Yemeni Society for Thalassemia and Genetic Blood Disorders (YSTH) was founded
on 15th Apr. 2000, it is a non-profit humanitarian society that fights against chronic
diseases and cares for infected patients. It carries out its activities by its statutes and the
principles of the constitution and the law of the Republic of Yemen, it is the only society
for genetic blood disorder in Sana’a and it received more than 253 1cases of genetic blood
disorder. The Association has seen the opening of a branch in the city of Hodeidah to
provide health and social care services to patients living in Hodeidah and neighboring

governorates (Riymha, Hajjah, Al Mahweet and Dhamar) ©9)
3.4. Study population:

The study population included all patients attending The YSTGBD in Sana’a City during
the study period and fulfilling inclusion criteria.

3.4.1. Inclusion Criteria:

- Known cases of thalassemia and had full registered data at the YSTH.
- Patients who undergo hepatitis viral screening.

3.4.2. Exclusion Criteria:

- Patients who have other diagnosis
- Patients who have missed data or not of the inclusion criteria.

3.5. Samples size and technique:

From the 1% of January 2023 to the last day of December 2023 490 patient were reported

in this study who fulfilling inclusion criteria.
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3.6. Data collection tool:

A checklist was filled including the subject's personal and clinical information includes;
age, gender, diagnosis, time of thalassemia diagnosis, origin, residency, blood
transfusion, complication, undergoes splenectomy and laboratory diagnosis (HBS-Ag
and HCV-AD) (Appendix I11).

3.7. Research variables:

- Independent variables: age, gender, diagnosis, time of thalassemia diagnosis,
origin, residency, blood transfusion, complication and undergoes splenectomy.
- Dependent variables: HCV and HBV prevalence (HBS-Ag and HCV-AD) status.
3.8. Data Analysis and data management

The data entered were ordered, cleaned, and analyzed by using SPSS version 29. Both

descriptive and inferential statistics were performed.

The category variables are presented as frequency and percentage, whereas the

continuous variables are presented as means and standard deviation.

The Pearson X2 Test at a 95% confidence interval. The data is presented as tables and

figures.

Independent T-Test and ANOVA test were used to find the relationship between

continuous data and dependent variables.
A p-value of <0.05 was considered statistically significant in all tests.
3.9. Ethical considerations:

- Permission letter was taken from Community Medical Department of Emirates
International University (Appendix 2).

- The agreement form YSTGBD was obtained.

- The obtained data do not contain any personal information such as name and
telephone number.
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4.1 Results

Table 1 showed that the study included 490 patients, more than one fifth of them
(22.4%) aged between 9-12 years, followed by the 5 - 8 years (20.6%). The mean age

was 12.3 years, with a standard deviation of 7.34 years.

Table 1: Distribution of patients by age (n=490).

Age group (year) Meanz SD= (12.3+7.34) Frequency Percentage

Less than 5 73 14.9
5-8 101 20.6
9-12 110 22.4
13-16 94 19.2
17-21 67 13.7
22 -25 19 3.9

More than 25 26 53

Table 2 revealed that more than half of the patients were male (55.1%) while (44.9%)
were female.
Table 2: Distribution of patients by gender (n=490).

Gender Frequency Percentage
Male 270 55.1
Female 220 44.9
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Table 3 and figure 1 showed that the highest frequency of patient diagnosis occurred in

2015, with 47 patients diagnosed, representing 9.6% of the total patients while the

lowest frequency of patient diagnosis was 2004, 2005, and 2006, each with only 1,8

and 6 patients diagnosed respectively, representing 0.2%, 1.6%, and 1.2% of the total

patients, respectively.
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Figure 1: distribution of patients by date of diagnosis (n=490).

2025

Table 3 showed that the more than one fifth of patients from Hajjah (22.9%), followed
by Sana'a (13.9%) and Amran (13.5%), while other regions with significant patient
representation included Al-Mahweet (8.6%), Dhamar (10.0%), and Taiz (6.7%). There
were very few non-Yemeni patients (0.4%).

Table 3: Distribution of patient by Governorate (n=490).

Origin Frequency Percent
Non-Yemeni 2 0.4 %
Ibb 39 8.0 %
Abyan 2 0.4 %
Amanat Al Asimaha 3 0.6 %
Al-Baydha 11 2.2%
Al-Hodeidah 21 4.3%
Al-Dhalea 9 1.8 %
Al-Mahweet 42 8.6 %
Taiz 33 6.7 %
Hajjah 112 22.9 %
Dhamar 49 10.0 %
Raymah 26 5.3%
Sa'adah 6 1.2%
Sana'a 68 13.9%
Aden 1 0.2 %
Amran 66 13.5%
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Table 4 revealed that more than half of the patients (53.5%) were from urban areas,
while 46.5% were from rural areas.
Table 4: Distribution of patients by residency (n=490).

‘ Residency Frequency Percent
Rural 228 46.5 %
Urban 262 53.5 %

Table 5 showed that the most common blood group was O+ (57.6%), followed by A+
(26.3%), and the least common blood groups were B- (0.8%) and A- (1.8%), with other
blood groups represented including O- (5.5%), B+ (5.1%), and AB+ (2.9%).

Table 5: Distribution of patients by blood grouping (n=490).

Blood grouping Frequency Percentage
A- 9 1.8 %
A+ 129 26.3 %
AB+ 14 2.9 %
B+ 25 5.1%
O- 27 55%
O+ 282 57.6 %
B- 4 0.8 %




Chapter 4 RESULTS

Table 6 revealed that the majority of patients had beta-thalassemia, including 45.5%
with beta-thalassemia, 40% with beta-thalassemia major and6.7% with thalassemia
intermedia. There were also 7.8% with alpha-thalassemia.

Table 6: Distribution of patient by diagnosis (n=490).

Diagnosis ’ Frequency Percentage
Alpha-Thalassemia 38 7.8%
B- Thalassemia 223 45.5 %
Thalassemia intermedia 33 6.7 %
B-Thalassemia major 196 40.0 %

Table 7 described that less than half of the patients were diagnosed during the first 6
months (40.6%) or between 7-12 months (35.7%), with smaller percentages diagnosed

later.

Table 7: Distribution of patient by time of diagnosis (n=490).

Time of diagnosis Frequency Percentage
During first 6 months 199 40.6 %
7-12 months 175 35.7%
13-24 months 48 9.8%
3-5 years 56 114 %
More than 5 years 12 2.4 %
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Table 8 showed that about three quarter of the patients (74.5%) did not have
Oconsanguinity between their parents, and most had 2-4 family members (46.9%), with

35.9% having a positive sibling history and 10.4% a history of sibling death.

Table 8: Family history of thalassemia (n=490).

Variables Frequency Percentage
Consanguinity between parents Yes 125 255 %6
No 365 74.5 %
0 29 5.9 %
1 41 8.4 %
2 103 21.0 %
3 93 19.0 %
4 83 16.9 %
. 5 45 9.2%
Number of Family members 5 24 9.0%
7 23 4.7 %
7 18 3.7%
9 7 1.4%
10 3 0.6 %
11 1 0.2 %
. . No 314 64.1 %
Sibling history Yes 176 359 %
history of sibling’s death L\Ieos 45319 igi ?;z

Table 9 revealed that the prevalence of Hepatitis B infection among patients was (1%),
with the vast majority being negative (99%).

Table 9: Distribution of patients by status of HBS Ag investigation (n=490).

HBS Ag Frequency Percentage
Negative 485 99.0 %
Positive 5 1.0%

Table 10 revealed that the prevalence of Hepatitis C infection was among patients was
(3.5%), with the majority being negative (96.5%).
Table 10: Distribution of patients by status of HCV Ab investigation (n=490).

HCV Ab Frequency \ Percentage
Negative 473 96.5 %
Positive 17 3.5%
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Table 11 reported that the majority of patients (84.5%) had no associated diseases, with
the most common associated conditions being splenomegaly (5.9%) and splenomegaly
with hepatomegaly (1.4%), along with a few other conditions like diabetes, heart disease,

and respiratory infections.

Table 11: presences of associated diseases

Associated diseases  Frequency  Percent
No comorbidity 414 84.4 %
Blindness 1 0.2 %
CVA 1 0.2 %
Central nervous system Mental retardation 1 0.2 %
Migraine 1 0.2%
Paralysis 2 0.4%
Endocrine system Diabetes mellitus 2 0.4 %
Cardiovascular system Heart disease 3 0.6 %
Respiratory system Respiratory infection 3 0.6 %
Splenomegaly 29 59%
splenomegaly & hepatomegaly 7 1.4%
splenomegaly & hepatitis 2 0.4%
splenomegaly - osteoporosis 2 0.4 %
liver disease 1 0.2%
liver failure 1 0.2%
Gall bladder stone 2 0.4%
Gastrointestinal tract TV 3 0.6%
Hepatitis* 3 0.6 %
Hepatomegaly 3 0.6 %
Hernia 3 0.6 %
Hydatid cyst 1 0.6 %
Renal stone 1 0.2%
Growth delayed 1 0.2%
Urinary tract Osteoarthritis 1 0.2%
Musculoskeletal Osteoporosis 2 0.4 %

*Total (HBV & HCV)
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Figure 2: Presences of associated diseases

Table 12 reported that splenectomy is the most common operations (30.4%), followed by

splenectomy & cholecystectomy (0.6%).
Table 12: Distribution of patients by operations (n=490).

Operations Frequency Percentage
No operations 334 68.2%
Cholecystectomy 1 0.2%
Splenectomy 149 30.4%
splenectomy & appendectomy 1 0.2%
splenectomy & cholecystectomy 3 0.6%
splenectomy & tonsillectomy 1 0.2%
Tonsillectomy 1 0.2%

Table 13 revealed that majority of patients (84.3%) haven’t received HBV vaccine, while
10.4%% received three doses followed by one dose (2.9%) and two doses (2.4%).
Table 13: Distribution of patient by vaccination status (n=490).

HBV Vaccine Frequency Percentage
Not vaccinated 413 84.3%
One dose 14 2.9%
Two doses 12 2.4%
Three doses 51 10.4%

28



Chapter 4 RESULTS

Table 14 revealed that the majority of patients (89.6%) required blood transfusions every
month, while a smaller percentage needed transfusions every 3 weeks (4.3%), with a few
patients needing them, when necessary (2.4%), every 2 months (2.0%), or every 3 months
(0.6%), and only 1 patient (0.2%) never requiring a blood transfusion

Table 14: Distribution of patient by times of blood transfusion (n=490).

Blood transfusion ’ Frequency ’ Percentage
never transfuse 1 0.2%
Every 3 weeks 21 4.3%
Every month 439 89.6%
When necessary 12 2.4%
Every 2 month 10 2.0%
Every 3 months 3 0.6%
once a year 4 0.8%

Table 15 revealed there was a statistically significant association between patient origin
and diagnosis (p=0.024). Non-Yemeni patients and those from Abyan had 100% beta-
thalassemia, while other regions showed varying distributions across the different
thalassemia types.

Table 15: Relationship between diagnosis and origin by chi square test.

Alpha- B- Thalassemia Thala?s;emia
Origin Thalassemia Thalassemia  intermedia major Chi-s

| Row % Row % Row % Row %
Non-Yemeni 0.0% 100% 0.0% 0.0%
Ibb 12.8% 41.0% 5.1% 41.0%
Abyan 0.0% 100% 0.0% 0.0%
Amanat Al Asimaha 0.0% 33.3% 0.0% 66.7%
Al-Baydha 0.0% 63.6% 18.2% 18.2%
Al-Hodeidah 0.0% 76.2% 4.8% 19.0%
Al-Dhalea 33.3% 33.3% 0.0% 33.3%
Al-Mahweet 14.3% 35.7% 9.5% 40.5%
Taiz 3.0% 51.5% 6.1% 39.4% | 65.625 0.024
Hajjah 7.1% 39.3% 6.3% 47.3%
Dhamar 10.2% 38.8% 6.1% 44.9%
Raymah 3.8% 53.8% 3.8% 38.5%
Sa'adah 0.0% 50.0% 33.3% 16.7%
Sana'a 5.9% 47.1% 10.3% 36.8%
Aden 0.0% 0.0% 100% 0.0%
Amran 7.6% 48.5% 1.5% 42.4%
Al-Jawf 0.0% 0.0% 0.0% 0.0%
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Table 16 reported that there was a significant association between age and diagnosis
(p<0.001), with younger patients more likely to have beta-thalassemia major. However,
no significant relationships were found between diagnosis and residency, gender, blood
group, consanguinity, sibling history, or history of sibling death.

Table 16: Relationship between diagnosis and demographic characteristics by chi

square test.

Diagnosis
Demographic Alpha- B- Thalassemia i :
r chis P .value
characteristics Thalassemia Thalassemia intermedia Thax{:jsgrmla
Row % Row % Row % Row %
_ Rural 8.8% 46.9% 6.1% 38.2%
Residency 1.343 0.719
Urban 6.9% 44.3% 7.3% 41.6%
Male 8.9% 48.5% 6.3% 36.3%
Gender 4.427 0.219
Female 6.4% 41.8% 7.3% 44 5%
<5 2.7% 45.2% 0.0% 52.1%
05-8 3.0% 21.8% 5.9% 69.3%
09-12 3.6% 42.7% 8.2% 45.5%
Age (years) 13-16 12.8% 62.8% 1.1% 23.4% 116.396 | <0.01
17-21 20.9% 58.2% 10.4% 10.4%
22 -25 5.3% 63.2% 10.5% 21.1%
>25 1.7% 42.3% 31% 19.2%
A- 11.1% 55.6% 11.1% 22.2%
A+ 10.1% 45.7% 5.4% 38.8%
AB+ 14.3% 35.7% 7.1% 42.9%
Blood group B+ 4.0% 36.0% 16.0% 44.0% 10.933 0.897
O- 7.4% 48.1% 3.7% 40.7%
O+ 6.7% 46.5% 6.7% 40.1%
B- 0.0% 25.0% 0.0% 75.0%
Consanguinity No 8.0% 41.6% 6.4% 44.0% 1276 0.735
between parents Yes 7.7% 46.8% 6.8% 38.6% ' '
No 8.0% 44.6% 6.7% 40.8%
Siblings’ history 0.343 0.952
Yes 7.4% 47.2% 6.8% 38.6%
i No 8.0% 44.4% 7.1% 40.5%
History of - - - ~—— 2345 | 0504
sibling’s death Yes 5.9% 54.9% 3.9% 35.3%
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Table 17 revealed a statistically significant association with diagnosis (p=0.031). Patients
with beta-thalassemia and Beta-thalassemia major were more likely to require monthly
or more frequent transfusions compared to other thalassemia types.

Table 17: Relationship between diagnosis and blood transfusion

Diagnosis

B e Alpha- B- Thalassemia ~ B-Thalassemia . ¢

Thalassemia | Thalassemia intermedia major

Row % Row % Row % Row %

Never transfuse 0% 100% 0% 0%
Every 3 weeks 4.8% 66.7% 0% 28.6%
Every month 8.2% 46.5% 6.8% 38.5%
When necessary 8.3% 16.7% 0% 75.0% 30.782 | 0.031
Every 2 month 0% 0% 20.0% 80.0%
Every 3 months 0% 66.7% 0% 33.3%
once a year 0% 0% 25.0% 75.0%

Regarding the age of diagnosis, there were significant differences across the thalassemia
types (p=0.010). Patients with alpha-thalassemia and beta-thalassemia major were
diagnosed earlier (11.1 and 15.7 months, respectively) compared to those with
thalassemia intermedia (31.9 months). (Table 18).

Table 18: Relationship between diagnosis and mean age of diagnosis (months)

Mean Age of diagnosis

Diagnosis 17+28.2 (months) SD P .value
Alpha-Thalassemia 38 11.1 11.9
B- Thalassemia 223 17.0 30.3
Thalassemia intermedia 33 31.9 40.1 3856 0.010
B-Thalassemia major 196 15.7 24.7
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Table 19 found there was significant differences in mean serum ferritin levels based on
diagnosis (p<0.001). Patients with alpha-thalassemia had the highest mean ferritin
(6,286.6 ng/mL), followed by beta-thalassemia (5,038.9 ng/mL) and beta-thalassemia
major (4,024.4 ng/mL), with thalassemia intermedia having the lowest levels (2,517.2
ng/mL).

Table 19: Relationship between diagnosis and mean serum Ferritin.

Mean of serum Ferritin

PIELJILEIE ) 4571.242772.6
Alpha-Thalassemia 29 6286.6 2494.6
B- Thalassemia 180 5038.9 2876.8
Thalassemia intermedia | 25 2517.2 1928.5 13.064 1 <0.001
B-Thalassemia major 151 4024.4 2492.2

Table 20 showed that there was no statistically significant association between HBV
status (HBsAg positive) and patient residency, gender, age, blood group, consanguinity,
sibling history, or history of sibling death.

Table 20: Relationship between HBS Ag and demographic characteristics

HBS Ag

Demographic characteristics Negative | Positive  Chi-s P .value

Row % \ Row %

. Rural 98.70% 1.30%
Residency Urban 99.20% 0.80% 0.368 0.544
Male 99.30% 0.70%
Gender Female 98.60% | Laov | 0400 [ 049
Less than 5 years 100% 0%
5 - 8 years 99% 1%
9 - 12 years 98.20% 1.80%
Age 13 - 16 years 100% 0% 6.963 0.324
17- 21 years 97.00% 3.00%
22 - 25 years 100% 0%
More than 25 years | 100% 0%
A- 100% 0%
A+ 99.20% 0.80%
AB+ 100% 0%
Blood group B+ 100% 0% 1.334 0.97
O- 100% 0%
O+ 98.60% 1.40%
B- 100% 0%
Consanguinity between No 98.40% 1.60%
parents Yes 99.20% 0.80% 0.558 0.455
ey No 99.40% 0.60%
Siblings’ history Yes 98.30% 170% 1.273 0.259
History of sibling’s No 98.90% 1.10%
death Yes 100% 0% 0.587 0.444
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Table 21 showed that there was no statistically significant association between HBV
status (HBsAg positive) and diagnosis.

Table 21: Relationship between HBS Ag and diagnosis

HBS Ag
Diagnosis Negative } Positive Chi-s P .value
Row % \ Row %
Alpha-Thalassemia 100% 0%
B- Thalass.erwa . 97.8% 2.2% 6.048 0.109
Thalassemia intermedia 100% 0%
B-Thalassemia major 100% 0%

Table 21 showed that there was no statistically significant association between HBV

status (HBsAg positive) and blood transfusion.

Table 22: Relationship between HBS Ag and blood transfusion.

HBS Ag
blood transfusion Negative Positive
Row % Row %

Never transfuse 100% 0%
Every 3 weeks 95.2% 4.8%
Every month 99.1% 0.9%
When necessary 100% 0% 3.272 0.774
Every 2 month 100% 0%
Every 3 months 100% 0%
Once a year 100% 0%
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Table 23 showed that there was a significant association between HBV status and the
presence of associated diseases (p<0.001). Patients who had HBV positivity suffered

from splenomegaly and hepatomegaly (28.6%).

Table 23: Relationship between HBS Ag and diagnosis

HBS Ag
Operation and associated diseases -ve +ve Chi-s
Row % Row %
No operations 99.1% 0.9%
Cholecystectomy 100% 0.0%
Splenectomy 98.7% 1.3%
Operations splenectomy — appendectomy 100% 0.0% 0.274 0.900
splenectomy - cholecystectomy 100% 0.0%
splenectomy — tonsillectomy 100% 0.0%
Tonsillectomy 100% 0.0%
No comorbidity 99.3% 0.7%
Blindness 100% 0.0%
diabetes mellitus 100% 0.0%
gall bladder stone 100% 0.0%
HCV 100% 0.0%
heart disease 100% 0.0%
Hepatitis* 100% 0.0%
Hepatomegaly 100% 0.0%
Hernia 100% 0.0%
Splenomegaly 100% 0.0%
. splenomegaly & hepatomegaly 71.4% 28.6%
Associated —
diseases splenomegaly & hepatitis 100% 0.0% 53.678 <0.001
splenomegaly — osteoporosis 100% 0.0%
respiratory infection 100% 0.0%
Paralysis 100% 0.0%
hydatid cysts 100% 0.0%
Osteoarthritis 100% 0.0%
CVA 100% 0.0%
growth delayed 100% 0.0%
liver disease 100% 0.0%
liver failure 100% 0.0%
mental retardation 100% 0.0%
Migraine 100% 0.0%

*Total (HBV & HCV)
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RESULTS

No significant differences were found in mean serum ferritin levels or age at diagnosis

of thalassemia and prevalence of HBV infection (Table 23).

Table 24: Relationship between HBS Ag and mean of serum ferritin and age of

diagnosis.
P .value
isipior726 [ posive | s T asiooo [arero] 00 | 07
Rl L e e el

Table 24 reported that like HBV, there were no statistically significant associations
between HCV positivity and patient residency, gender, age, blood group, consanguinity,
sibling history, or history of sibling death.

Table 25: Relationship between HCV Ab and demographic characteristics

HCV Ab
Variables Negative  Positive Chi-s P .value
Row % Row %
. Rural 95.60% 4.40%
Residency Orban 97 30% > 70% 1.070 0.301
Male 96.30% 3.70%
Gender Female 96.80% | 3.20% 0.099 0.754
Less than 5 years 100% 0.00%
5 -8 years 99.00% 1.00%
9 - 12 years 96.40% 3.60%
Age 13 - 16 years 90.40% 9.60% 12.193 0.058
17- 21 years 98.50% 1.50%
22 - 25 years 90% 10.50%
More than 25 years | 100% 0.00%
A- 100% 0.00%
A+ 97.70% 2.30%
AB+ 92.90% 7.10%
Blood group B+ 100% 0.00% 4.500 0.609
O- 100% 0.00%
O+ 95.40% 4.60%
B- 100% 0.00%
Consanguinit No 96.80% 3.20%
betweer? parezts Yes 96.40% 3.60% 0.036 0.849
0, 0,
Siblings’ history YN(SS gzgg;z E:igojz 2.217 0.136
History of sibling’s No 96.10% 3.90%
death Yes 100% 0.00% 2.046 0.153
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RESULTS

Table 25 reported that like HBV, there were no statistically significant associations
between HCV Ab status and diagnosis.
Table 26: Relationship between HCV Ab and diagnosis

Diagnosis

HCV Ab

Negative |

Positive

Chi-s

P .value

Row %

Row %

Alpha-Thalassemia 97.4% 2.6%
B- Thalassemia 96.0% 4.0%
Thalassemia intermedia 97.0% 3.0%
B-Thalassemia major 96.9% 3.1%

0.410

0.938

Table 26 reported that like HBV, there were no statistically significant associations

between HCV Ab status and blood transfusion.

Table 27: Relationship between HCV Ab and blood transfusion

Blood transfusion

HCV Ab

Negative

Positive |

Chi-s

P .value

Row %

Row % |

Never transfuse 100% 0.0%
Every 3 weeks 95.2% 4.8%
Every month 96.6% 3.4%
When necessary 100% 0.0%
Every 2 month 90.0% 10.0%
Every 3 months 100% 0.0%
Once a year 100% 0.0%

2.101

0.910
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Table 27 there was a significant association was found between HCV status and the
presence of associated diseases (p<0.001). Patients with HCV infection Had
splenomegaly.

Table 28: Relationship between HCV Ab and Operations and associated diseases

HCV Ab
Operations and associated Negative Positive Chi-s P .value

diseases Row % Row %
No operations 96.7% 3.3%
Cholecystectomy 100% 0.0%
Splenectomy 96.0% 4.0%
splenectomy — appendectomy 100% 0.0% 0.421 0.999
splenectomy — cholecystectomy 100% 0.0%
splenectomy — tonsillectomy 100% 0.0%
Tonsillectomy 100% 0.0%
No comorbidity 97.1% 2.9%
Blindness 100% 0.0%
diabetes mellitus 100% 0.0%
gall bladder stone 100% 0.0%
heart disease 100% 0.0%
Hepatitis 100% 0.0%
Hepatomegaly 100% 0.0%
Hernia 66.7% 33.3%
Splenomegaly 96.6% 3.4%
splenomegaly & hepatomegaly 100% 0.0%
splenomegaly & hepatitis 0.0% 100%
splenomegaly — osteoporosis 100% 0.0%
Respiratory infection 100% 0.0% 73.430 <0.001
Paralysis 100% 0.0%
Renal stone 100% 0.0%
Osteoporosis 100% 0.0%
Hydatid cysts 100% 0.0%
Osteoarthritis 100% 0.0%
CVA 100% 0.0%
Growth delayed 100% 0.0%
Liver disease 100% 0.0%
Liver failure 100% 0.0%
Mental retardation 100% 0.0%
Migraine 100% 0.0%
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RESULTS

No significant differences were observed in mean serum ferritin levels or age at diagnosis
of thalassemia with prevalence of HCV infection (Table 28).
Table 29: Relationship between HCV AB and mean of serum ferritin and age of

diagnosis.
HCV AB N Mean SD F P .value
Serum Ferritin Negative | 374 |4542.9 |2792.4
4571.2+2772.6 Positive 11 5533.6 | 1813.7 1.366 [ 0.243
age diagnosis 17+28.2 | Negative | 473 |17.3 28.6
(month) Positive 17 10.6 13.3 0.920 | 0338
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5.1 Discussion

Beta thalassemia is the most common genetic blood disease, affecting millions of
people in both developing and developed countries including Yemen. The current study

examined the prevalence and clinical characteristics of 490 thalassemia patients.

The present study showed that the mean age was 12.3 with a standard deviation
of 7.34 years, and patients between 9-12 years old were the most represented age group.
As well as more than half of the patients were male. These results are similar to previous
study in Yemen, which reported that he majority of thalassemic children attending the
YSTGBD were males (58.5%), aged 8 years or older (81.0%) “® and in Iraq the mean
age of all patients was 13.38 +8.26 years with a range of 2 to 39 years, and the majority

of them were between 10 to 19 years and < 10 years of age 7).

The current study demonstrated that the highest frequency of patient diagnosis
occurred in 2015, with 47 patients diagnosed, representing 9.6% of the total patients while
the lowest frequency of patient diagnosis was 2004, 2005, and 2006, each with only 1 ,8
and 6 patients diagnosed respectively, representing 0.2%, 1.6%, and 1.2% of the total
patients, respectively. In addition, more than half of the patients (53.5%) were from urban
areas, while 46.5% were from rural areas, more than one fifth of patients from Hajjah
(22.9%), followed by Sana'a (13.9%) and Amran (13.5%), while other regions with
significant patient representation included Al-Mahweet (8.6%), Dhamar (10.0%), and
Taiz (6.7%). These results are in the same line with pervious study by Al-Shawial et al
reported that the most patients origin from Hajjah (20%), Amran (16%) , Al-Mahweet
(13.5%) , Sana'a (12.5%) and Ibb (11%)(16). Our results differ from a study in Iraq which
reported that the patients from urban areas accounted for 27 out of 80 (33.8 %) and
patients from rural areas accounted for 53 out of 80 (66.2 %) “7).

This study revealed that most patients had beta-thalassemia, including 45.5% with
beta-thalassemia, 40% with beta-thalassemia major and 6.7% with thalassemia
intermedia. There were also 7.8% with alpha-thalassemia. Furthermore, less than half of
the patients were diagnosed during the first 6 months (40.6%) or between 7-12 months
(35.7%), with smaller percentages diagnosed later. There was a statistically significant
association between patient origin and diagnosis (p=0.024). Non-Yemeni patients and
those from Abyan had 100% beta-thalassemia, while other regions showed varying

distributions across the different thalassemia types. Patients with beta-thalassemia and
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Beta-thalassemia major were more likely to require monthly or more frequent
transfusions compared to other thalassemia types. Regarding the age of diagnosis, there
were significant differences across the thalassemia types (p=0.010). Patients with alpha-
thalassemia and beta-thalassemia major were diagnosed earlier (11.1 and 15.7 months,
respectively) compared to those with thalassemia intermedia (31.9 months). However, no
significant relationships were found between diagnosis and residency, gender, blood
group, consanguinity, sibling history, or history of sibling death. These results agree with
pervious study in Saudia Arabia showed that the prevalence of - thalassemia trait is
higher than that of sickle cell trait in the adult population of Al Majma’ah ®% | In addition
, meta-analaysis study in gulf area reported that the prevalence of thalassemia among
children below five years of age ranged from 0.25% to 33%, while it was 0.9% in children
above five years and from 0.035% to 43.3% among adult thalassemia patients @3 .
Patients with beta-thalassemia major (TM) present between 6 and 24 months of age when
hemoglobin production transitions from fetal (HoF) to adult (HbA) ®Y | Intermedia can
present in children as young as two years of age with growth and developmental delay.
Milder forms of beta-thalassemia intermedia may first be present in adults as fatigue and
pallor. Beta-thalassemia intermedia can have variable degrees of physical exam findings
suggestive of erythroid hyperplasia and extramedullary hematopoiesis as described for
the beta-thalassemia major; however, this reactive hematopoiesis is sufficient to

compensate for the anemia without requiring transfusion ©2.

Our study reported that that the most common blood group among thalassemic
patients was O+ (57.6%), followed by A+ (26.3%), and the least common blood groups
were B- (0.8%) and A- (1.8%). Pervious study carried out by Hussein revealed that there
was a significant difference in the frequency of ABO blood groups, presence of Rh factor
and thalassemia that was O>B>A>AB ©3) |

Regrading family history about three quarter of the patients (74.5%) did not have
consanguinity between their parents, and most had 2-4 family members (46.9%), with
35.9% having a positive sibling history and 10.4% a history of sibling death. These results
agreed with pervious study in Pakistan which reported that the 262 (couples) parents of
B-thalassemic patients revealed 96% consanguineous marriages with 72% were first
cousins, 10% were near/distant blood relatives, 14% were intra-caste ©4- In addition

pervious a study in Bangladesh that demonstrated that the consanguineous marriage is
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an influential factor for thalassemia disease confirmed by (15%) of the patients had the
history of consanguineous marriage of their parents ©),

The majority of patients (89.6%) required blood transfusions every month, while
a smaller percentage needed transfusions every 3 weeks (4.3%), with a few patients
needing them, when necessary (2.4%), every 2 months (2.0%), or every 3 months (0.6%),
and only 1 patient (0.2%) never requiring a blood transfusion. Serum ferritin levels ranged
from 270 to 15,990 ng/mL, with a mean of 4,571.2 ng/mL and a median of 3,950 ng/mL.
The study found there was significant differences in mean serum ferritin levels based on
diagnosis (p<0.001). Patients with alpha-thalassemia had the highest mean ferritin
(6,286.6 ng/mL), followed by beta-thalassemia (5,038.9 ng/mL) and beta-thalassemia
major (4,024.4 ng/mL), with thalassemia intermedia having the lowest levels (2,517.2
ng/mL). In Pakistan The mean number of blood transfusion per year was 21.65 + 6.59
SD ©8)- As well as in Iran the average ferritin blood level was 3179.54 + 1621.72 (161 to
8345), The difference of average ferritin level in patients was evaluated by positive and
negative hepatitis tests that showed there were no statistically significant difference €7
The main reason for increased serum ferritin in thalassemia patients is the accumulation
of iron due to repeated blood transfusions. Regular transfusions can provide a normal red
blood cell count, but the transfused blood contains a substantial amount of iron, which
the body cannot excrete. Over time, the excess iron accumulates in tissues, leading to
organ damage and complications. Chelation therapy is an effective way to manage iron
overload in these patients and reduce the risk of organ damage®®.

In the present study the prevalence of HCV was (17, 3.5%) of patients and (5 ,1%)
of patients were positive for hepatitis B virus, unfortunately majority of patients (84.3%)
haven’t received HBV vaccine, while 10.4%% received three doses followed by one dose
(2.9%) and two doses (2.4%). Furthermore, in this study there was no statistically
significant association between HBV or HCV status and patient residency, gender, age,
blood group, consanguinity, sibling history, or history of sibling death. Also, no
significant differences were found in mean serum ferritin levels or age at diagnosis of
thalassemia and prevalence of HBV or HCV infection. However, there was a significant
association between HBV and HCV status and the presence of associated diseases
(p<0.001). Patients who had HBV or HCV positive suffered from splenomegaly and
hepatomegaly. Our results are consistent with previous studies in Yemen and other

countries. For instance pervious study in Iraq reported that two patients out of 80 were
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infected with HBV accounting for 2.5 %, while 3 patients out of 80 were infected with
HCV accounting for 3.8 % *7). In Pakistan out of total 80 patients 4(5%) patients turned
out to be HBs antigen positive. Out of total 80 patients 68 patients (85%) were vaccinated
against hepatitis B and 12 (15%) patients were unvaccinated. About 31(38.7%) patients
were hepatitis C positive and among these 19(61.2%) patients were male and 12(38.8%)
patients were female (66). In south of Iran-B andar Abbas there was 3 patients, (2.5%)
positive by PCR for HBV, while HCV were positive in 18 (15.0%) patients .there were
no statistically significant differences between average age difference in patients with
positive and negative hepatitis tests 7). Out of 116 beta-thalassemia major patients of
East Azerbaijan province, four patients (3.4%) were HCV-Ab positive. Out of 116
patients with beta-thalassemia major, 101 patients (87.1%) were vaccinated against the
hepatitis B virus % These variations in the prevalence of HBV and HCV infection could
be due to differences in the prevalence of these viruses in the general population,
differences in vaccination rates against HBV, varying blood transfusion practices, and
different methods used for screening and diagnosis of viral infections. In conclusion, the
prevalence of HBV and HCV infection in thalassemia patients varies across different
populations and geographic locations, and regular screening and appropriate interventions
are necessary to manage the risk of viral infections in thalassemia patients.
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6.1 Conclusion:

e In Yemen, thalassemia is more prominent in some provinces such as Hajjah
followed by Sana’a, Amran and Al-Mahweet.

e Thalassaemic patients are at increased risk of developing complications such as
iron overload and viral infections, including hepatitis B and C

e . The prevalence of HCV was (3.5%) and HBV (1%) among the patients.

e Furthermore, the present study found that most thalassemia patients in Yemen
had not received the HBV vaccine,

e Additionally, patients with positive HBV or HCV status were observed to suffer
more frequently from specific associated diseases such as splenomegaly and

hepatomegaly.

6.2 Recommendations:

For the General Public:

e Attending health education campaigns to raise awareness about thalassemia,

e Doing premarital testing.

For Healthcare Providers:
e Attending training programs focused on safe blood transfusion practices and
infection control measures.
e Attending training programs regarding the unique needs of thalassemia patients,
including the prevention and management of complications.

e Periodic virus investigation for thalassemia patients.
For Health Policy Makers:

e Integrate thalassemia education and premarital testing awareness into broader
public health initiatives to reach a wider audience.

e The national obligatory premarital examination screening program for
thalassemia.

e Allocate resources and support the implementation of specialized centres for

thalassemia.
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¢ Providing hepatitis B vaccines to thalassemia patients
e Providing equipment’s and devices for virus investigation, rather than rapid

tests.
For universities

e Promotion of Premarital Testing Awareness

e Collaborative Research Initiatives: Encourage collaborative research initiatives
between medical and public health faculties to study the prevalence and impact of
thalassemia, iron overload, and viral infections. This can contribute to a deeper

understanding of the condition and inform evidence-based healthcare practices.

6.3 Limitations:

e Many data were obtained but the majority were excluded due to incomplete data,
in addition to missing important variables, such as vaccination and type of
thalassemia.

e Lack of national related studies which were limited to one serotype of hepatitis.

e The presence of only one centre for thalassaemic patients in Sana'a (YSTGBD)

for that, the study has been conducted in a small number of patients.
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Appendix I (Ethical consent):
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Appendix Il (YSTHGBD Stipulation):
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Appendix 1 (Questionnaire):

Section one: Demographic data

Age

Sex 0 Male
0 Female

Date of diagnosis

Age of diagnosis

Origin (province)

Blood group

No. of family members

Family history g T\Iec?

history of sibling’s death

consanguinity between parents 5 T\Iec?

Section two: details of diseases

1 Alpha-Thalassemia
Diadnosis 1 B- Thalassemia
g 1 B- Thalassemia major
1 B- Thalassemia intermedia
. 1 Yes
Vaccine (HBV) 7 No
Dose of vaccine
Associated diseases
Surgical operation
1 Every 3 weeks
1 Monthly
1 Every 2 months
Blood transfusion per year 1 Every 3 months
71 Once yearly
] when necessary
"1 never transfuse 0
S. Ferritin
] Positive
HBS _Ag ] Negative
HCV  Ab [ Posm_ve
- '] Negative
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