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sary to mention the difficulties encountered in fitting in the varied clinical pictures 
of thalassemia with the simple concept of heterozygosity or homozygosity for the 
responsible abnormal. The thalassemia group of diseases is caused by a series of 
multiple interrelated genetic defects, not necessarily closely linked, which in various 
combinations give rise to a graduated series of hematologic aberrations, starting with 
the mildest asymptomatic state, in which the diagnosis can often only be inferred, 
and ending with severe, chronic microcytic hypochromic hemolytic anemia referred 
to as Cooley’s anemia. This book contains four sections: “Beta Thalasemia Overview”, 
“Thalassemia Syndromes”, “Treatment Modalities in Beta Thalassemia”, “Blood and 
Blood Components Transfusion Modalities”. It reviews some of the many problems 
related to this complex and interesting group of diseases. More careful genetic, 
hematologic, and biochemical studies are needed to complete our understanding of 
this syndrome.
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Chapter 1

Overview of Beta-Thalassemia
Kenneth Oshiokhayamhe Iyevhobu, Lucky E. Omolumen, 
Tobechukwu Joseph Okobi, Edidiong Raphael Usoro, 
A. Airefetalor Ivie, Benedicta A. Ken-Iyevhobu  
and O. Omokpo Victoria

Abstract

Beta-thalassemias are a group of hereditary blood disorders characterized by anoma-
lies in the synthesis of the beta chains of hemoglobin resulting in variable phenotypes 
ranging from severe anemia to clinically asymptomatic individuals. Three main forms 
have been described: thalassemia major, thalassemia intermedia, and thalassemia 
minor. Individuals with thalassemia major usually present within the first 2 years of life 
with severe anemia, requiring regular red blood cell (RBC) transfusions. Patients with 
thalassemia intermedia present later in life with moderate anemia and do not require 
regular transfusions. Thalassemia minor is clinically asymptomatic, but some subjects 
may have moderate anemia. Beta-thalassemias are caused by point mutations or, more 
rarely, deletions in the beta-globin gene on chromosome 11, leading to reduced (beta+) 
or absent (beta0) synthesis of the beta chains of hemoglobin (Hb). Transmission is 
autosomal recessive; however, dominant mutations have also been reported. Diagnosis of 
thalassemia is based on hematologic and molecular genetic testing. Laboratory tests that 
are conventionally performed to diagnose the β-thalassemia and HbE are classified into 
two groups, based on the purposes, including the screening tests and confirmatory tests.

Keywords: beta, thalassemia, hemoglobin, anemia, globin

1. Introduction

The term thalassemia is deduced from the Greek, namely thalassa (ocean) and 
haima (blood). Thalassemia is among the most common heritable diseases in the 
world [1–3]. The thalassemias are conditions caused by dropped expression of one 
of the two globin chains of the hemoglobin patch, namely α (HBA) and β (HBB). 
Inherited through an autosomal sheepish pathway, point mutations and elisions on 
the genes that decode for the globin chains beget dropped hemoglobin (Hb) product, 
leading to severe anemia [4]. Thalassemia cases depend on lifelong medical care, 
entering routine blood transfusions and supplemental curatives [5]. Thus, timely 
opinion and forestallment is essential, especially in regions with high frequency of 
this complaint [6–8]. Beta-thalassemia characterized by reduced or absent β-globin 
chain conflation is one of the most common inherited blood diseases in the world and 
hence a major interference to public health. Beta-thalassemia is a blood complaint 
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that reduces the product of hemoglobin [9]. The protein in red blood cells called 
hemoglobin, which contains iron, transports oxygen to every cell in the body. Low 
hemoglobin levels in beta-thalassemia patients cause an oxygen shortage in a number 
of bodily passageways [10]. A lack of red blood cells in affected people (anemia) can 
result in pale skin, weakness, weariness, and more severe problems. Beta-thalassemia 
patients are more likely to get irregular blood clots [11]. Beta-thalassemia runs are 
a group of heritable blood diseases characterized by reduced or absent beta-globin 
chain conflation, performing in reduced Hb in red blood cells (RBC), dropped RBC 
product and anemia. Beta-thalassemia major was first described in the medical 
literature in 1925 by an American croaker-Thomas Cooley. Beta-thalassemia includes 
three main forms, namely thalassemia major, perfectly appertained to as “Cooley’s 
Anemia” and “Mediterranean Anemia”, thalassemia intermedia, and thalassemia 
minor also called “beta-thalassemia carrier”, “beta-thalassemia particularity”, or 
“heterozygous beta-thalassemia” [10, 11]. Piecemeal from the rare dominant forms, 
subjects with thalassemia major are homozygotes or emulsion heterozygotes for beta0 
or beta genes, subjects with thalassemia intermedia are substantially homozygotes 
or emulsion heterozygotes, and subjects with thalassemia minor are substantially 
heterozygotes. Although wide, the major at- threat populations are substantially from 
Mediterranean, Middle East, and Southeast Asian countries [12, 13]. The thalassemia 
category of hemoglobin conflation illnesses differs from the others in that there is 
either little or no-globin chain conflation. The main forms of β-thalassemia are two. 
The two types of thalassemia are βO-thalassemia, in which no-globin chain is made, 
and -thalassemia, in which some globin is produced but at a lower level than usual 
[14]. Microcytosis, often known as thalassemia minor clinically, affects heterozygotes 
for either type of allele. A more severe phenotype known as β-thalassemia intermedia, 
which involves anemia, hemolysis, iron loading, and the sporadic need for transfu-
sion, is present in homozygous heterozygotes for two thalassemia alleles or one and 
one β0 allele. The most severe form of the condition, known asthalassemia major, 
is present in people who have two β0-thalassemia alleles and results in transfusion-
dependent anemia, severe transfusional iron overload, reduced life expectancy, and 
chelation therapy. A severe form of thalassemia with no globin chain product is called 
β0-thalassemia. Point mutations in the rendering region (exon) or exon-intron junc-
tion of the β-globin gene, which result in an unseasonable stop codon or the produc-
tion of aberrant β-globin mRNA, are the primary cause. Absence of the β-globin chain 
product is the result of these anomalies [14]. The frequency of thalassemia is growing 
mainly in non-indigenous regions, similar as Northern Europe, North America, and 
Australia, due to increased mobility and migration overflows of populations in recent 
decades [12, 15–18]. The global burden of hemoglobinopathies necessitates perpe-
tration of public health interventions, similar as webbing programs and antenatal 
opinion, indeed in non-indigenous countries with high rates of immigration [15]. 
The genes that render for globin proteins are located on β-and α-globin gene clusters 
on chromosome 11 and 16, independently [4]. Expression of each globin gene varies 
throughout the embryonic and fetal development, which is why the Hb patterns of 
babe and grown-ups differ from each other [19, 20].

2. Epidemiology of beta-thalassemia

Beta-thalassemia is an in actuality normal blood inconvenience round the 
field. A huge amount of babies are considered with beta-thalassemia consistently. 
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Beta-thalassemia happens limit of the time in people from Mediterranean nations, 
North Africa, the Center East, Central Asia, Southeast Asia, India, southern China, 
and the Far East, notwithstanding nations close by the northern coast of Africa 
and within side the South America. The most extreme exceptional carrier repeat is 
situated in Cyprus (14%), Sardinia (10.3%), and Southeast Asia [21]. High-incredible 
repeat of beta-thalassemia in those districts might be extremely probably to be 
perceived with the special strain of wilderness fever Plasmodium falciparum [21]. 
Populace resettlement and intermarriage among unique ethnic congregations have 
incited thalassemia in virtually all nations of the field, along with northern Europe, 
wherein thalassemia in the past did now presently do not exist. It has been normal 
that round 1.5% of the field’s general population (80 to 90 million people) are organi-
zations of beta-thalassemia, with cycle 60,000 characteristic individuals transform-
ing into pregnant every year, the especially gigantic a piece of the scene. Without a 
doubt the yearly cost of interesting people is normal at 1 out of 100,000 worldwide 
and 1 out of 10,000 within side the European Affiliation [10]. Regardless, there might 
be a deficiency of explicit records on delivery costs in several people gatherings, for 
the most part in areas of the field which can be perceived or anticipated to be emphat-
ically impacted [12, 21]. As indicated by the Thalassemia Overall Association, around 
200,000 victims stay with thalassemia dominating and are enrolled for standard cure 
worldwide [21]. The excellent perceived total of beta-thalassemia with phenomenal 
Hb or number one Hb form with thalassemic homes is HbE/beta-thalassemia, that is 
typically huge in Southeast Asia, wherein carrier.

2.1 Types and clinical description of beta-thalassemia

The aggregates of homozygous or hereditary heterozygous compound beta-
thalassemias incorporate Cooley’s frailty and thalassemia intermedia [10]. People with 
Cooley’s frailty ordinarily come to clinical consideration inside the essential 2 years of 
life and need standard RBC bondings to endure. Those introducing later do not need 
bonding and get an analysis of thalassemia intermedia [22]. Thalassemia intermedia 
incorporates patients who present later and do not need customary bonding. Besides 
inside the uncommon predominant structures, heterozygous beta-thalassemia prompts 
the clinically quiet transporter state. HbE/beta-thalassemia and HbC/beta-thalassemia 
display a superb home as far as variety of aggregates and range of seriousness [11].

2.1.1 Beta-thalassemia major (Cooley’s anemia)

Beta-thalassemia significant alludes to a serious clinical aggregate that happens 
when patients are homozygous or compound heterozygous for more extreme beta 
chain transformations (for example serious B+/B+ changes, B+/B0, B0/B0) [10, 11].

Clinical show of thalassemia major happens somewhere in the range of 6 and 2 
years. Youngsters foster dangerous weakness. They do not put on weight and develop at 
the normal rate (inability to flourish) and may create yellowing of the skin and whites 
of the eyes (jaundice) and become logically pale. Influenced people might have an 
amplified spleen, liver, and heart, and their bones might be distorted. Taking care of 
issues, looseness of the bowels, peevishness, repetitive episodes of fever, and reform-
ist amplification of the midsection brought about by spleen and liver augmentation 
might happen. The clinical picture of thalassemia major is described by development 
impediment, paleness, jaundice, helpless musculature, genu valgum, hepatospleno-
megaly, leg ulcers, improvement of masses from extramedullary hematopoiesis, and 
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skeletal changes brought on by extension of the bone marrow in some developing 
nations where patients are untreated or ineffectively bonded due to a lack of resources. 
Skeletal modifications include frequent craniofacial changes and deformations of the 
long bones of the legs (bossing of the skull, conspicuous malar greatness, gloom of the 
extension of the nose, inclination to a mongoloid inclination of the eye, and hyper-
trophy of the maxillae, which will in general uncover the upper teeth). A few youths 
with thalassemia significant experience deferred adolescence. Many individuals with 
thalassemia major have such extreme manifestations that they need incessant blood 
bondings to recharge their red platelet supply. Over the long haul, a convergence of 
iron-containing hemoglobin from ongoing blood bondings can prompt a development 
of iron in the body, bringing about liver, heart, and chemical issues.

On the off chance that a customary bonding program that keeps a base Hb central-
ization of 9.5 to 10.5 g/dL is started, development and advancement will in general be 
ordinary up to 10 to 12 years [15]. Bonded patients might foster difficulties identified 
with iron over-burden. Entanglements of iron over-burden in youngsters incorporate 
development hindrance and disappointment or postponement of sexual develop-
ment. Later iron over-burden-related inconveniences incorporate inclusion of the 
heart (widened myocardiopathy or once in a while arrythmias), liver (fibrosis and 
cirrhosis), and endocrine organs (diabetes mellitus, hypogonadism, and inadequacy 
of the parathyroid, thyroid, pituitary, and, less regularly, adrenal organs) [23]. 
Consistence with iron chelation treatment essentially impacts recurrence and serious-
ness of the iron over-burden-related complexities [24].

2.1.2 Beta-thalassemia intermedia

Beta-thalassemia intermedia is in the middle of clinical aggregate with hetero-
geneous hereditary changes that actually consider some beta chain creation (e.g., 
B+/B0, B+/B+). Some uncommon cases likewise exist in which both beta and alpha 
transformations exist together [11, 12].

Individuals with thalassemia intermedia present later than thalassemia major, 
have milder anemia and by definition do not require or only occasionally require 
transfusion. At the severe end of the clinical spectrum, patients present between 
the ages of 2 and 6 years and although they are capable of surviving without regular 
blood transfusion, growth and development are retarded. At the opposite finish of the 
range are patients who are totally asymptomatic until grown-up existence with just 
gentle frailty. The signs and side effects of thalassemia intermedia show up in youth 
or sometime down the road. Influenced people are gentle to direct sickliness and 
may likewise have slow development and bone anomalies. Hypertrophy of erythroid 
marrow with the chance of extramedullary erythropoiesis, a compensatory system 
of bone marrow to beat ongoing iron deficiency, is normal. It leads to common facial 
and bone deformities, osteoporosis with pathologic breaks in long bones, and the 
growth of erythropoietic masses that have a significant impact on the spleen, liver, 
lymph nodes, chest, and spine. The spleen’s important role in clearing damaged red 
blood cells from the circulatory system contributes to its growth. Extramedullary 
erythropoiesis may result in neurological problems, such as intrathoracic masses and 
spinal rope pressure with paraplegia. Gallstones may develop in thalassemia inter-
media individuals more frequently than in thalassemia major because to ineffective 
erythropoiesis and fringe hemolysis [25]. Patients with thalassemia intermedia often 
foster leg ulcers and have an expanded inclination to apoplexy when contrasted with 
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thalassemia major, particularly if splenectomised. Such occasions incorporate pro-
found vein apoplexy, entrance vein apoplexy, stroke, and aspiratory embolism [26].

In spite of the fact that people with thalassemia intermedia are in danger of iron 
over-burden optional to expanded digestive iron retention, hypogonadism, hypothy-
roidism, and diabetes are not normal [27]. Ladies might have effective unconstrained 
pregnancies. Nonetheless, if blood bondings are fundamental during pregnancy, 
those never or negligibly bonded are in danger of creating hemolytic alloantibodies 
and erythrocyte autoantibodies. Intrauterine development hindrance, in spite of a 
customary bonding routine, has been accounted for [28]. Cardiovascular inclusion in 
thalassemia intermedia results chiefly from a high-yield state and aspiratory hyper-
tension, while systolic left ventricle work is generally protected [29]. Pseudoxantoma 
elasticum, a diffuse connective tissue issue with vascular indication brought about by 
degeneration of the versatile lamina of the blood vessel divider and calcium state-
ment, has been portrayed in such patients [30].

2.1.3 Beta-thalassemia minor (Beta-thalassemia carrier/trait)

Beta-thalassemia minor is a gentle clinical aggregate when one typical duplicate of 
the beta globulin quality is available (e.g., B+/B, B0/B). Transporters of thalassemia 
minor are normally clinically asymptomatic, however, here, and there have a gentle 
weakness. At the point when the two guardians are transporters, there is a 25% danger 
at every pregnancy of having kids with homozygous thalassemia [10, 11].

2.1.4 Dominant beta-thalassemia

Conversely, with the old style latent types of beta-thalassemia, which lead to a 
diminished creation of ordinary beta-globin chains, some uncommon transforma-
tions bring about the union of incredibly unsteady beta-globin variations which 
hasten in erythroid forerunners causing insufficient erythropoiesis [11]. These 
transformations are related with a clinically perceptible thalassemia aggregate in the 
heterozygote and are in this way alluded to as prevailing beta-thalassemias. The pres-
ence of hyper-temperamental Hb ought to be suspected in any person with thalas-
semia intermedia when the two guardians are hematologically ordinary, or in families 
with an example of autosomal prevailing transmission of the thalassemia intermedia 
aggregate. Beta-globin quality sequencing sets up the conclusion [6].

Most people who are heterozygous for a beta-thalassemia change have clinico-
pathological highlights depicted as “thalassemia minor”; for example, the blood 
count and film are strange yet there are no unusual actual discoveries or indications. 
Notwithstanding, a few transformations produce clinically obvious anomalies in 
heterozygotes, mostly splenomegaly, frailty, jaundice, and an expanded occurrence 
of gallstones. This is alluded to as predominant beta-thalassemia [6]. Predominant 
beta-thalassemia is uncommon; however, cases are found dissipated all through the 
world. The clinicopathological highlights are those of thalassemia intermedia. Red 
cell endurance is not exactly in run of the mill beta-thalassemia attribute and the 
reticulocyte count is expanded. Patients might require incidental blood bondings. 
There is extramedullary hematopoiesis, and iron over-burden might happen. The 
blood film is typically exceptionally unusual with conspicuous basophilic texturing 
and circling nucleated red cells. The bone marrow shows erythroid hyperplasia and 
dyserythropoiesis [6].
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2.1.5 Beta-thalassemia associated with other Hb anomalies

The participation of HbE and beta-thalassemia achieves thalassemia totals going 
from a condition unclear from thalassemia major to a delicate sort of thalassemia 
intermedia. Dependent upon the earnestness of signs, three characterizations may be 
perceived [31]:

• Mild HbE/beta-thalassemia: It is seen in around 15% of all cases in Southeast 
Asia. This get-together of patients stays aware of Hb levels some place in the 
scope of 9 and 12 g/dl and by and large does not cultivate clinically basic issues. 
No treatment is required.

• Moderately genuine HbE/beta-thalassemia: The vast majority of HbE/
beta-thalassemia cases fall into this class. The Hb levels stay at 6–7 g/dl, and the 
clinical signs resemble thalassemia intermedia. Bondings are not required aside 
from if sicknesses support further fragility. Iron over-weight may occur.

• Severe HbE/beta-thalassemia: The Hb level can be basically just about as low 
as 4–5 g/dl. Patients in this social event show signs like thalassemia major and are 
treated as thalassemia critical patients [10].

Patients with HbC/beta-thalassemia may live freed from signs and be exam-
ined during routine tests. Exactly when present, clinical appearances are iron lack 
and improvement of the spleen. Blood bondings are just every so often required. 
Microcytosis and hypochromia are found for every circumstance. The blood film 
shows specific Hb C valuable stones with straight equivalent edges, target cells, and 
irregularly contracted cells with components of thalassemia like microcytosis [11]. The 
relationship of acquired ingenuity of fetal Hb (HPFH) with beta-thalassemia miti-
gates the clinical appearances which change from normal to thalassemia intermedia. 
Individuals with HbS/beta-thalassemia have a clinical course like that of Hb SS [10].

2.1.6 Beta-thalassemia associated with other features

Rarely, the beta-globin quality group does not contain the beta-thalassemia defect. 
The sub-atomic damage has been discovered in the quality encoding the record 
factor TFIIH (beta-thalassemia attribute related with tricothiodystrophy) or in the 
X-connected record factor GATA-1 (X-connected thrombocytopenia with thalas-
semia) in cases where the beta-thalassemia characteristic is related with different 
elements [32–34].

2.2 Signs and symptoms of beta-thalassemia

The majority of people with beta-thalassemia quality do not show any symptoms. 
Depending on the type of disorientation gained, different people will experience 
different side effects. Children with beta-thalassemia intermedia or major may not 
display any symptoms at all, although they usually develop them during the first 2 
years of life. Beginning with one person and progressing to the next, the symptoms 
and severity of beta-thalassemia vary dramatically [10].

The most serious kind of beta-thalassemia is beta-thalassemia major. Children that 
are born with this type of personality will show signs early on in life, such as



9

Overview of Beta-Thalassemia
DOI: http://dx.doi.org/10.5772/intechopen.111682

• Pale skin

• Tiredness

• Shortness of breath

• Fussy

• Having a poor appetite

• Having many infections.

Over time more symptoms will appear, including:

• Slowed growth

• A fast heartbeat

• Moodiness

• Belly (abdominal) swelling

• Yellowish skin and eyes (jaundice).

Individuals with beta-thalassemia or intermedia typically have a development of 
iron within the body, either from the particular illness or from the rehashed blood 
bondings. Abundance iron will hurt the center, liver, and endocrine framework. 
While not treatment, the spleen, liver, and heart become broadened. Bones will 
likewise end up to be meager, weak, and twisted. People with this condition would 
force continuous blood bondings and will not stick with it with a typical lifespan. Iron 
develops within the heart and totally different organs from blood bondings. This may 
cause vast breakdown as right time because the teenagers or middle 20s people with 
beta-thalassemia might need different real medical problems, including:

Thalassemia minima: this type often causes no symptoms but may have a mild 
anemia. Many individuals with beta thalassemia minor go through life never knowing 
they carry an altered gene for the disorder.

Thalassemia intermedia: folks determined to own beta monogenic disorder 
intermedia have a typically shifted articulation of the difficulty. Creditably extreme 
weakness is traditional, and influenced folks may need intermittent blood bondings. 
Each individual case is one among a form. This type will create aspect effects of 
moderate serious sickliness including:

• Pallor

• Extreme tiredness (fatigue)

• Pale skin

• Jaundice

• Leg ulcers
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• Gallstones (cholelithiasis)

• Slow or delayed growth

• Weak bones

• Abnormal enlargement of the liver and spleen

• Moderate to severe skeletal malformations.

Predominant Beta-Thalassemia: Prevailing beta-thalassemia is a very uncom-
mon structure where people who have one changed HBB quality foster specific 
manifestations related with beta-thalassemia. Influenced people might create gentle 
to direct sickliness, jaundice, and a strangely broadened spleen (splenomegaly).

2.3 Etiology of beta-thalassemia

Hemoglobin is made of two alpha proteins and two beta proteins. A quality change 
(transformation) in the alpha proteins causes alpha thalassemia. A quality change in 
the beta proteins causes beta-thalassemia. Most beta-thalassemia cases are brought 
about by a transformation in the HBB quality. In incredibly uncommon cases, a defi-
ciency of hereditary material (erasure) that incorporates the HBB quality causes the 
issue [11]. In beta-thalassemia, the quality change causes an irregularity of hemoglo-
bin proteins. The irregularity causes sickliness in light of the fact that [10]:

• Red platelets separate quicker than ordinary.

• Fewer RBCs are made.

• Less hemoglobin is made.

The awkwardness additionally prompts clinical issues during the bones, bone 
marrow, and different organs. In excess of 200 changes have been so far announced; 
the larger part is point transformations in practically significant districts of the 
beta-globin quality [35]. Erasures of the beta-globin quality are remarkable. The beta-
globin quality transformations cause a diminished or missing creation of beta-globin 
chains. Transformations in the HBB quality reason beta-thalassemia. The HBB quality 
gives guidelines to making a protein called beta-globin. Beta-globin is a part (subunit) 
of hemoglobin. Hemoglobin comprises four protein subunits, ordinarily two subunits 
of beta-globin and two subunits of another protein called alpha-globin [35].

The development of any beta-globin is prevented by a few modifications to the 
HBB quality. The term beta-zero (β0) thalassemia refers to a lack of beta-globin. 
Additional HBB quality alterations allow for the creation of some beta-globin, but in 
smaller amounts. Beta in addition to (β+) thalassemia is characterized by a decreased 
level of beta-globin. Possessing either a β0 or β+ thalassemia does not necessarily 
indicate how bad your condition will be; people with these two types have been found 
to have thalassemia major and thalassemia intermedia, respectively.

An absence of beta-globin prompts a diminished measure of practical hemoglo-
bin. Without adequate hemoglobin, red platelets do not grow regularly, causing a 
deficiency of mature red platelets. People with beta-thalassemia have pallor and other 
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related medical problems due to the low quantity of developed red platelets. Beta-
thalassemia is the result of damaged or absent components. There are two distinct 
traits present. There are various varieties of this problem:

Cooley’s weakness (beta-thalassemia major). There are two damaged character-
istics. The most severe form of this issue is this. Those with this ailment will need 
further blood bondings. They might not live out a typical lifespan.

Beta-thalassemia minor or thalassemia attribute. Just a single quality is harmed. 
This causes less extreme pallor. Individuals with this kind have a half shot at passing 
the quality to their kids. On the off chance that the other parent is not influenced, their 
kids will likewise have this type of the problem. This sort is additionally isolated into

• Thalassemia minima: There are few or no symptoms.

• Thalassemia intermedia: This causes moderate to severe anemia.

Many individuals with this problem are given iron substitution unintentionally. 
This happens when an absence of iron is accepted to cause their pallor. An excessive 
amount of iron can be hurtful. So, get the right determination.

2.3.1 Genetic modifiers

The modifying qualities are characterized by being hereditary variations that give 
rise to contrasts in the aggregate of the infection. In homozygous beta-thalassemia, 
the essential inherited modifiers that affect the clinical severity of the infection con-
tain inherited variations that are ready to reduce the irregularity of the globin chain, 
creating a milder form of thalassemia [11]. These elements are the presence of quiet 
or mild beta-thalassemia alleles associated with a high residual yield of beta-globin, 
the co-inheritance of alpha-thalassemia, and, in addition, hereditary determinants 
ready for the incessant production of gamma-globin chains of support (HbF) in adult 
life [36]. Some beta-thalassemia transformations (e.g., deleting and not canceling 
delta-beta-thalassemia, local 5′ deletions of beta-globin quality) “essentially” increase 
the performance of gamma-globin quality [10]. Several transformations that extend 
HbF production are associated with deletional and non-deletional HPFH associated 
with the beta-globin quality package. Recently, the genome-wide affiliation approach, 
which specifically focuses on quantitative quality loci (QTL) that cause elevated HbF 
levels, has inherited components (e.g., changing the severity of homozygous beta-
zero thalassemia [37].

The clinical aggregate of homozygous beta-thalassemia may also be altered by the 
interaction of other planned heritable variations outside the globin groups. These 
additional heritable modifiers have a profound effect in confounding the aggregate 
of thalassemia [11]. Some additional heritable modifiers have been recognized in 
recent years. The appearance of polymorphism (TA) 7 in the uridine diphosphate 
glucuronosyltransferase quality-reporting site, which in the homozygous state is 
associated with Gilbert’s disease, is a risk factor for the progression of cholelithiasis 
in patients with thalassemia major and intermedia [38]. Other competing qualities 
to alter the aggregate of thalassemia are the apolipoprotein E 4 allele and some HLA 
haplotypes, which appear to be inherited risk factors for left ventricular disappoint-
ment in homozygous beta-thalassemia [10, 39, 40]. For qualities related to iron 
digestion (e.g., C282Y and H63D-HFE quality transformations), less stable informa-
tion was considered, probably since its effects on iron deposition are obscured by 
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treatment (e.g., B. iron deposits auxiliary to the binding of red blood cells and iron 
chelation) and for qualities related to bone digestion [41–43]. Recently, a poly-
morphism in the quality of glutathione transferase M1 has been associated with an 
increased risk of heart iron overload in thalassemia major [44].

In certain cases, heterozygous beta-thalassemia could trigger the intermediate 
aggregation of thalassemia instead of the asymptomatic transporter state [10]. Most 
of these patients have an abundance of practical alpha globin qualities (triple or 
quadruple alpha quality), which increases the asymmetry in the ratio of the combina-
tion of alpha/non-alpha globin chains [36, 45].

2.3.2 Pathophysiology

A general oversupply of unbound alpha globin chains that speed in erythroid 
precursors in the bone marrow cause their unexpected passing and consequently 
lead to insufficient erythropoiesis. This is caused by a decreased amount (beta+) or 
nonexistence (beta0) of beta-globin chains. The concept of the transformation at the 
beta-globin quality located on chromosome 11 controls the degree of globin chain 
decline. As opposed to thalassemia intermedia, fringe hemolysis, which exacerbates 
illness, occurs when insoluble alpha globin attaches rapid layer damage to the fringe 
erythrocytes. Paleness animates the creation of erythropoietin with resulting con-
centrated yet inadequate development of the bone marrow (up 25 to multiple times 
ordinary), which thusly causes the regular recently portrayed bone disfigurements. 
Delayed and serious paleness and expanded erythropoietic drive additionally result in 
hepatosplenomegaly and extramedullary erythropoiesis [31].

2.3.3 Hereditary transmission

The beta-thalassemias square measures nonheritable in AN chromosome latent 
approach. The guardians of AN influenced juvenile square measure commit het-
erozygotes and convey a solitary duplicate of illness inflicting beta simple protein 
quality amendment. Mediterranean anemia intermedia square measures non-heri-
table in an chromosome passive example, which means the 2 duplicates of the HBB 
quality in each cell have changes. The parents of an individual with an autosomal 
recessive condition each carry one copy of the mutated gene, but they typically do 
not show signs and symptoms of the condition [11]. At times, in any case, people 
with just one HBB quality amendment in each cell foster light paleness. These 
somewhat influenced people square measure same to own Mediterranean anemia 
minor. At origination, each offspring of heterozygotes guardians has 25th shot at 
being influenced, shot at being AN symptomless transporter, and 25th shot at being 
unaffected and not transporter. The guardians of the proband have 25% hazard of 
getting to boot influenced youngsters in every gestation [31].

Predominant varieties of beta-thalassemia, connected with transformations that 
outcome within the creation of deeply unsound transferrin variations and prompting 
a clinically showing combination of beta-thalassemia in heterozygotes, are talked 
regarding on top of within the clinical portrayal section. In an exceedingly very little 
level of families, the HBB quality transformation is nonheritable in AN chromosome 
predominant approach. In these cases, one duplicate of the changed quality in each 
cell is up to cause the signs and manifestations of beta Mediterranean anemia [10].
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3. Diagnosis beta-thalassemia

Beta-thalassemia is regularly found in individuals who are from Greek, Italian, 
African, or Asian beginning. The determination is frequently made somewhere in the 
range of 6 and 12 years of age. Thalassemia major is normally suspected in a newborn 
child more youthful than 2 years old with extreme microcytic frailty, gentle jaun-
dice, and hepatosplenomegaly. Thalassemia intermedia presents at a later age with 
comparative yet milder clinical discoveries. Transporters are typically asymptomatic, 
however, at times might have gentle paleness. People with thalassemias have more 
modest measured red platelets than unaffected individuals just as low red platelet 
counts (pallor). Thalassemia major and thalassemia minor would now be able to be 
analyzed (and recognized from each other) by ordinary clinical and blood testing, 
yet additionally by atomic and hereditary tests. These tests license exact finding to be 
made whenever, even before birth (indeed, a long time before the beta chains are even 
incorporated) [33].

3.1 Hematologic diagnosis

RBC lists show microcytic iron deficiency. Thalassemia major is portrayed by 
diminished Hb level (50 < 70 fl and mean corpuscolar Hb (MCH) > 12 < 20 pg. 
Thalassemia intermedia is portrayed by Hb level somewhere in the range of 7 and 
10 g/dl, MCV somewhere in the range of 50 and 80 fl and MCH somewhere in the 
range of 16 and 24 pg. Thalassemia minor is portrayed by diminished MCV and MCH, 
with expanded Hb A2 level [31].

Complete blood count (CBC): This test really looks at the size, number, and 
development of various platelets in a set volume of blood.

3.2 Smear of peripheral blood

Affected individuals have RBC morphologic alterations, including nucleated RBC, 
microcytosis, hypochromia, anisocytosis, and poikilocytosis (spiculated tear-drop 
and extended cells) (i.e., erythroblasts). After splenectomy, the number of erythro-
blasts significantly increases and is correlated with the degree of frailty. Compared 
to influenced people, transporters exhibit less severe RBC morphologic alterations. 
Usually, erythroblasts are not visible [22].

3.3 HPLC/electrophoresis

The Hb design in beta-thalassemia changes as indicated by beta-thalassemia type. 
In beta0 thalassemia, homozygotes HbA is absent and HbF constitutes the 92-95% of 
the total Hb. In beta+ thalassemia homozygotes and beta+/ beta0 genetic compounds 
HbA levels are between 10 and 30% and HbF between 70-90%. HbA2 is variable in 
beta-thalassemia homozygotes, and it is upgraded in beta-thalassemia minor [22]. Hb 
electrophoresis and HPLC likewise identify different hemoglobinopathies (S, C, E, 
OArab, Lepore) that might cooperate with beta-thalassemia [11].

Hemoglobin electrophoresis with hemoglobin F and A2 quantitation: A lab test 
that separates the kinds of hemoglobin [10]. Subjective and quantitative Hb investiga-
tion distinguishes the sum and kind of Hb present [10].
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3.4 Molecular genetic analysis

The pervasiveness of a predetermined number of changes in every populace has 
incredibly worked with sub-atomic hereditary testing. Generally happening transfor-
mations of the beta-globin quality are recognized by PCR-based systems [33, 46]. The 
most generally utilized techniques are converse dab smudge examination or ground-
work explicit enhancement, with a bunch of tests or preliminaries corresponding 
to the most well-known transformations in the populace from which the influenced 
individual started. Whenever designated change examination neglects to recognize 
the transformation, beta-globin quality succession investigation can be utilized to 
distinguish changes in the beta-globin quality [12].

3.5 Differential diagnosis

Barely any conditions share similitudes with homozygous beta-thalassemia [11]:

• Not really settled sideroblastic anemias are effortlessly separated in view of 
ring sideroblasts in the bone marrow and dynamically raised serum grouping 
of erythrocyte protoporphyrin. Most sideroblastic anemias are related with 
abandons in the heme biosynthetic pathway, particularly delta-aminolevulinic 
corrosive synthase.

• Congenital dyserythropoietic anemias do not have high HbF and do have other 
unmistakable components, like multinuclearity of the red platelet forerunners.

• A few obtained conditions related with high HbF (adolescent ongoing myelo-
monocytic leukemia with ordinary karyotype, aplastic weakness both inherent 
and procured during the recuperation stage) might be confused with beta-
thalassemia, despite the fact that they have exceptionally trademark clinical and 
hematological provisions [10].

Normal beta-thalassemia transporters are distinguished by examination of RBC 
files, which shows microcytosis (low MCV) and diminished substance of Hb per red 
cell (low MCH), and by subjective and quantitative Hb investigation, which shows 
the increment of HbA2 [11]. These examinations should be possible from a solitary 
blood test. In a pregnant lady, the child is analyzed utilizing CVS (chorionic villus 
inspecting) or amniocentesis.

Entanglements in transporter distinguishing proof by hematologic testing are:

• Coinheritance of alpha-thalassemia, which might standardize the RBC records. 
Nonetheless, in alpha/beta twofold heterozygotes, the HbA2 fixation stays in the 
beta-thalassemia transporter reach and consequently is indicative. Accordingly, 
HbA2 assurance ought to consistently be performed for beta-thalassemia trans-
porter ID.

• Coinheritance of delta-thalassemia, which might diminish to ordinary the 
expanded Hb A2 levels common of the beta-thalassemia transporter state. 
Twofold heterozygosity for delta-and beta-thalassemia can be recognized from 
the most well-known alpha-thalassemia transporter state by globin chain blend 
or globin quality examination [10].
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• Silent transformations, i.e., extremely gentle changes related with reliable 
remaining yield of Hb beta chains and with ordinary RBC files and typical or 
fringe HbA2. The above detailed gatherings of transporters are alluded to as 
abnormal transporters.

At the point when the hematologic investigation is unusual, atomic hereditary test-
ing of beta-globin quality is performed to distinguish the infection causing change [46].

3.6 Genetic counseling and prenatal diagnosis

Anticipation of beta-thalassemia depends on transporter distinguishing proof, 
hereditary advising, and pre-birth analysis [47]. Transporter identification has been 
recently portrayed. Hereditary guiding gives data to people and in danger couples 
(e.g., the two transporters) with respect to the method of legacy, the hereditary 
danger of having influenced kids and the regular history of the sickness including the 
accessible therapy and treatments being scrutinized. Pre-birth detection for pregnan-
cies with a higher risk of complications is possible by analyzing the DNA of fetal 
cells obtained by amniocentesis, which is typically done at roughly 15 to 18 weeks of 
gestation, or by chorionic villi inspection at 11 weeks of development. Before pre-
birth testing can be carried out, both alleles that cause the illnesses must be identified. 
Currently, fetal DNA in maternal plasma and fetal cells in maternal blood are being 
examined for the presence of the father’s transformation [48]. Families with the 
identified disease-causing mutations may be eligible for preimplantation hereditary 
conclusion.

3.7 Management of beta-thalassemia

3.7.1 Management of beta-thalassemia major

Babies with thalassemia major are well upon entering the world due to a unique 
type of hemoglobin present in the hatchling and infant [49]. At last, notwithstand-
ing, this hemoglobin is supplanted by deficient hemoglobin. Manifestations arise 
late in the main year of life. The youngster creates fair skin, crabbiness, development 
impediment, expanding of the midsection because of extension of the liver and 
spleen (hepatosplenomegaly) with jaundice. This is related with serious iron defi-
ciency with burst of the red platelets (hemolytic weakness). The kid with thalassemia 
major becomes reliant upon blood bondings and, despite the fact that they do help, 
they make further issues including iron over-burden. Folic corrosive supplementa-
tion is frequently given. Right now, the essential medicines are aimed at diminishing 
manifestations of the sickness. Chosen patients might fit the bill for bone marrow or 
undifferentiated cell transfers. Quality treatment stays a likely treatment for what is to 
come. The drawn-out trust is that thalassemia significant will be restored by addition 
of the ordinary beta-chain quality through quality treatment or by one more method-
ology of atomic medication [33, 49].

3.7.2 Transfusions

The objectives of bonding treatment are amendment of pallor, concealment of 
erythropoiesis, and hindrance of gastrointestinal iron retention, which happens in 
non-bonded patients as an outcome of expanded, albeit insufficient, erythropoiesis. 
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The choice to begin bonding in patients with affirmed determination of thalas-
semia ought to be founded on the presence of serious weakness (Hb < 7 g/dl for over 
about 14 days, barring other contributory causes like contaminations). Nonetheless, 
additionally in patients with Hb > 7 g/dl, different variables ought to be thought 
of, including facial changes, helpless development, proof of hard extension and 
expanding splenomegaly. Whenever the situation allows, the choice to begin ordinary 
bondings ought not be postponed until after the 2nd-3rd year, because of the danger 
of fostering various red cell antibodies and resulting trouble in discovering reasonable 
blood givers. A few diverse transfusional regimens have been proposed throughout 
the long term, yet the most broadly acknowledged focuses on a pretransfusional Hb 
level of 9 to 10 g/dl and a post-bonding level of 13 to 14 g/dl. This forestalls develop-
ment hindrance, organ harm and bone deformations, permitting ordinary action and 
personal satisfaction [23].

3.7.3 Management of thalassemia intermedia

Treatment of people with thalassemia intermedia is indicative [23, 50]. As hyper-
splenism might cause demolishing sickliness, hindered development and mechanical 
unsettling influence from the huge spleen, splenectomy is an applicable part of the 
administration of thalassemia intermedia. Dangers related with splenectomy incor-
porate an expanded helplessness to contaminations fundamentally from exempli-
fied microbes (Streptococcus Pneumoniae, Haemophilus Influenzae, and Neisseria 
Meningitidis) and an increment in thromboembolic occasions [49]. Sepsis after sple-
nectomy can be prevented through vaccination against the aforementioned microbes, 
anti-infection prophylaxis, and early anti-toxin therapy for fever and agitation. The 
gallbladder should be examined during splenectomy and removed if necessary to 
treat or prevent gallstones due to the increased prevalence of cholelithiasis and the 
risks of cholecystitis in splenectomized patients. Radiation therapy with hydroxy-
carbamide is used to treat extramedullary erythropoietic masses that are detected 
by attractive reverberation imaging. Managing a leg ulcer after it has developed is 
extremely difficult. Zinc supplementation and pentoxifylline, and the utilization of 
an oxygen chamber have been proposed for ulcer treatment. Hydroxycarbamide addi-
tionally has some advantage, either alone or with erythropoietin. As of late encour-
aging outcomes have been gotten with platelet inferred development factor. Since 
patients with thalassemia intermedia have a high danger of apoplexy, exacerbated by 
splenectomy, know about thrombotic inconveniences. Suggested treatment choices 
incorporate appropriate anticoagulation before careful or other high danger systems, 
platelet hostile to totaling specialists if there should arise an occurrence of thrombo-
cytosis (platelet count higher than 700,000/mm3) and low sub-atomic weight heparin 
in patients with recorded apoplexy [33]. Since people with thalassemia intermedia 
may foster iron over-burden from expanded gastrointestinal assimilation of iron 
or from incidental bondings, chelation treatment is begun when the serum ferritin 
fixation surpasses 300 ng/ml or when iron over-burden is exhibited by immediate or 
circuitous techniques [51]. Beneficial folic corrosive can be recommended to patients 
with thalassemia intermedia to keep inadequacy from hyperactive bone marrow.

3.7.4 Improving ineffective erythropoiesis (IE) in thalassemia

Several various therapy modalities are currently being researched throughout 
the world thanks to recent developments in our understanding of the pathogenic 
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mechanism behind thalassaemia. The investigational drug products that have recently 
entered the clinical phase are discussed in the section that follows, with an emphasis 
on their present and potential future relevance for clinical practice. The current 
standard of care for IE in thalassaemia, which includes blood transfusions and stem 
cell transplants as well as novel therapeutic approaches based on gene therapies, is not 
covered in this study and is available elsewhere.

The US Food and Drug Administration (FDA) in 2019 and the European 
Medicines Agency (EMA) in 2020 have both approved the first treatment for thalas-
semia, luspatercept, for TDT patients.

Mitapivat is a small-molecule, oral allosteric activator of RBC pyruvate kinase (PK-R), 
a crucial enzyme to control the synthesis of ATP through glycolysis (Figure 1).

3.7.5 Hematopoietic stem cell transplantation for thalassemia

Hemoglobinopathies are treated by allogeneic HSCT; following conditioning to get 
beyond the immune barrier, allogeneic stem cells are employed as vehicles to rectify 
the fundamental genetic flaw by re-inserting genes required for healthy hematopoi-
esis. Allogeneic HSCT is essentially allogeneic stem cell gene therapy in the treatment 

Figure 1. 
Distinction between healthy and erythropoiesis that is unsuccessful due to β-thalassemia [52, 53]. 
Erythropoiesis, which involves a number of proliferative and differentiation phases, is the process that 
converts hematopoietic stem cells into adult RBCs. The production of cell surface proteins, cell size reduction, 
progressive hemoglobinization, nuclear condensation, and nuclear extrusion are all temporally regulated 
processes that occur in conjunction with erythroid differentiation. The growth of extremely early erythroid 
precursors (proerythroblasts and earlier stages) and subsequent inefficient erythropoiesis are characteristics of 
β-thalassemia dyserythropoiesis in humans. A proliferating pool of immature erythroblasts is subject to ineffective 
erythropoiesis, which is characterized by (1) rapid erythroid differentiation, (2) maturation inhibition during the 
polychromatophilic stage, and (3) death of erythroid precursors [54–56].
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of various disorders. Autologous stem cells altered by the insertion of healthy genes 
may 1 day be used as vectors, but there is currently little sign that this strategy will be 
available in clinics anytime soon.

Thalassemia treatment with allogeneic hematopoietic stem cell transplantation 
(HSCT) has been a key component in the growth of HSCT. The allogeneic HSC with 
successful erythropoiesis is substituted for the thalassemic HSC having deficient 
erythropoiesis in order to treat thalassemia. This cellular replacement therapy results 
in the replacement of the entire hematopoietic system rather than just the damaged 
erythropoietic component. Nonetheless, it is a useful method to achieve a long-
lasting, possibly permanent, clinically successful correction of hemolytic anemia, 
eliminating the need for transfusions and the difficulties that go along with them 
(i.e., iron overload).

3.8 Risk factors and complications of beta-thalassemia

Family ancestry and heritage are factors that increment the danger of beta-thalas-
semia. Contingent upon family ancestry, in case an individual’s folks or grandparents 
had beta-thalassemia major or intermedia, there is a 75% (3 out of 4) likelihood of the 
transformed quality being acquired by a posterity. Regardless of whether a youngster 
does not have beta-thalassemia major or intermedia, they can in any case be a trans-
porter, potentially bringing about people in the future of their posterity having beta-
thalassemia. Another danger factor is lineage. Beta-thalassemia happens regularly in 
individuals of Italian, Greek, Center Eastern, Southern Asian, and African heritage [57].

Complexities of beta-thalassemia change contingent upon the kind:

• Thalassemia minima is gentle and causes no issues. However, the singular will be 
a transporter of the issue.

• Thalassemia intermedia can cause issues dependent on the seriousness of the 
weakness. These issues incorporate postponed development, feeble bones, and 
augmented spleen.

• Beta-thalassemia significant messes major up and can bring about early passing. 
Entanglements might incorporate postponed development, bone issues caus-
ing facial changes, liver and nerve bladder issues, expanded spleen, augmented 
kidneys, diabetes, hypothyroidism, and heart issues.

3.9 Prevention of beta-thalassemia

Beta-thalassemia is an innate sickness taking into consideration a safeguard 
therapy via transporter screening and pre-birth conclusion. It very well may be 
forestalled in the event that one parent has ordinary qualities, leading to screenings 
that engage transporters to choose accomplices with typical hemoglobin [58]. This 
screening technique demonstrated obtuse in populaces of West African family line 
in light of the markers has high pervasiveness of alpha thalassemia. Nations have 
programs dispersing data about the regenerative dangers related with transporters of 
haemoglobinopathies. Thalassemia transporter screening programs have instructive 
projects in schools, military, and through broad communications just as giving guid-
ing to transporters and transporter couples [12]. Screening has shown diminished 
rate; by 1995 the commonness in Italy decreased from 1:250 to 1:4000, and a 95% 
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abatement around there. The reduction in occurrence has helped those influenced 
with thalassemia, as the interest for blood has diminished, accordingly working on 
the stock of treatment.

4. Conclusions

Thalassemia is a perplexing condition that needs in-depth approach for lab testing 
and analysis. High-throughput testing algorithms and procedures are needed for 
population screening in high-prevalence areas, which increases the difficulty of the 
diagnosis. Despite this, current best-practice guidelines and protocols are capable 
of the successful regulation of complicated laboratory procedures, coupled with 
essential EQA programs. Many novel methods are now being developed that have the 
potential to improve the accuracy, throughput, and efficacy of laboratory diagnostics 
of thalassemia and other hemoglobinopathies.

The majority of families cannot afford the estimated US $ 3200 per child per year 
expense of treating serious thalassemia disease. Thalassemia management is not 
only distressing for the family but also has a significant socioeconomic impact on 
the nation, making its prevention and control a top priority. So, the first step toward 
easing the disease’s burden is to prevent the birth of any afflicted fetuses.

Prenatal diagnosis (PND), genetic counseling, carrier screening, and termina-
tion of the afflicted fetus are all parts of prevention. This strategy is affordable and 
reducing the prevalence of thalassemia in many nations with remarkable results. 
Understanding the range and distribution of thalassemia mutations in a given popula-
tion is a requirement for an efficient and quick prenatal diagnosis/genetic counseling.
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Chapter 2

Effects of Beta-Thalassemia on 
COVID-19 Outcomes
Simran Patel, Armaan Shah, Ryan Kaiser and Raj Wadgaonkar

Abstract

Beta-thalassemia is a hemoglobinopathy caused by mutations in the beta-globin 
chain. This disrupts hemoglobin production and can potentially result in severe ane-
mia. There has been a rise in COVID-19 cases over the last 2 years, with a predominant 
effect on the respiratory and vascular systems of the body. Since beta-thalassemia is 
the most common inherited single-gene disorder in the world, investigating the impact 
of COVID-19 on these patients is important. Some theories suggest that patients with 
beta-thalassemia will be more susceptible to COVID-19 and have worse outcomes 
due to their underlying comorbid conditions. However, majority of the literature 
found that beta-thalassemia is protective against COVID-19. This could be because 
SARS-CoV-2 proteins can attack the beta chain of normal hemoglobin, resulting in 
impaired oxygen transfer and increased ferritinemia. Thus, in hemoglobinopathies 
with beta-chain defects and low hepcidin levels, susceptibility to COVID-19 infection 
is potentially decreased. Higher levels of Hemoglobin F in thalassemia patients may 
also be protective against viral infections. Surprisingly, most studies and case reports 
focus on patients with beta-thalassemia major. There is yet much to learn about the 
outcomes of patients with thalassemia minor and other hemoglobinopathies.

Keywords: thalassemia, beta-thalassemia, COVID-19, SARSCoV-2, coronavirus

1. Introduction

Thalassemias are a group of autosomal recessive blood disorders caused by varia-
tions in alpha or beta globin genes that disrupt hemoglobin production and lead to 
ineffective erythropoiesis and hemolysis [1]. Given that hemoglobin serves as the 
oxygen-carrying component of red blood cells (RBCs), inadequate production can 
cause severe anemia and other life-threatening complications requiring frequent 
blood transfusions to maintain hemoglobin levels. Individuals affected by these 
disorders can start presenting with symptoms early in childhood and last for their 
entire lifetime.

Hemoglobin is made up of two chains: alpha-globin and beta-globin chains. Alpha 
thalassemia is generally caused by alpha-globin gene deletion that results in either 
reduced or absent alpha-globin production. Since the alpha-globin gene has four 
alleles, disease severity is dependent on the number of deleted alleles. One deletion 
can be clinically silent, whereas four deletions can be incompatible with life and lead 
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to hydrops fetalis [1]. Beta thalassemia is generally caused by beta-globin gene point 
mutations that are classified based on the zygosity of the gene mutation. A hetero-
zygous mutation will result in one defective and one normal gene allowing for some 
production of the beta-globin chains. This is the mildest form of beta-thalassemia. 
A homozygous mutation will result in two defective genes causing a total absence of 
beta-globin chains. This mutation can lead to moderate to severe symptoms. Since 
the alpha and beta-globin chains are insoluble alone, they can precipitate and lead to 
damage to RBC membranes and intravascular hemolysis [1].

The impact of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has reached the entire globe over the last 2 years and resulted in millions of deaths. It 
primarily targets the respiratory and vascular systems of the body. Since beta-thalas-
semia is the most common inherited single-gene disorder in the world and can affect 
the oxygen-carrying capacity of the body, investigating the impact of COVID-19 on 
these patients is important given the limited research data currently available [2].

2. Classifications of beta-thalassemia

The disease burden of beta-thalassemia depends on the zygosity of the beta-globin 
chain gene mutation. There are three main types of beta-thalassemia: beta-thalas-
semia major, beta-thalassemia intermedia, and beta-thalassemia minor [3].

2.1 Beta-thalassemia major

Individuals who are homozygous for the beta-globin chain mutation are classified 
as having beta-thalassemia major and completely lack beta chains. The manifestations 
of beta-thalassemia major are much more severe than beta-thalassemia minor and can 
result in jaundice, growth retardation, hepatosplenomegaly, endocrine abnormalities, 
and severe anemia. Symptoms begin at the age of 6 months when fetal hemoglobin 
is completely replaced by defective globin chains that accumulate and damage RBC 
membranes. Patients at this stage may present with failure to thrive and require lifelong 
blood transfusion and iron chelation therapy [3]. The classic clinical picture of beta-
thalassemia major is primarily seen in underdeveloped countries where long-term 
transfusion facilities are not widely available. Patients who are inadequately treated for 
beta-thalassemia major commonly present with brown pigmentation of the skin, poor 
musculature, genu valgum, development of masses from extramedullary hematopoi-
esis, and skeletal changes in the long bones of the legs and craniofacial structures due 
to expansion of the bone marrow. Individuals not receiving regular transfusion therapy 
may die from high-out cardiac failure. Adequate maintenance of a minimum hemo-
globin level between 9.0 and 10.5 g/dl ineffective erythropoiesis can be inhibited and 
regular growth and development can occur up to 10–12 years [3]. However, the com-
plications of iron overload from repeated transfusions may manifest in children with 
growth retardation and failure of sexual maturation and in adults with liver fibrosis 
and cirrhosis, endocrine dysfunction resulting in diabetes mellitus and parathyroid 
insufficiency, and cardiac disease including dilated cardiomyopathy and arrhythmias. 
Hence, adequate iron chelation therapy is necessary as well. In the early 2000s, 50% 
of beta-thalassemia major patients died before the age of 35 due to all these complica-
tions. With the advent of new developments of noninvasive methods to measure organ 
iron levels and chelation therapy, the prognosis of beta thalassemia major has greatly 
improved [1–3].
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2.2 Beta-thalassemia intermedia

Patients with beta-thalassemia intermedia can present much later in life than 
those with beta-thalassemia major. They have milder anemia symptoms and may still 
require transfusions but much less frequent, if at all. They can remain asymptomatic 
until adulthood, during which they may develop clinical features such as pallor, 
jaundice, cholelithiasis, hepatosplenomegaly, extramedullary masses of hyperplastic 
erythroid marrow, osteopenia, osteoporosis, and thrombotic complications. Patients 
can present with cardiac manifestations as well, including high-cardiac output and 
pulmonary hypertension with preserved systolic function [3]. Pseudoxanthoma 
elasticum, a disease caused by the accumulation of calcium deposits in elastic fibers in 
the skin, eyes, and blood vessels, is also common among beta-thalassemia intermedia 
patients [3]. Although the rate of iron loading is slower in these patients, similar com-
plications can still occur if proper iron chelation therapy is not administered [1–3].

2.3 Beta-thalassemia minor

Heterozygotes of the beta-globin chain mutation are classified as having beta-
thalassemia minor in which beta chains are being produced to a lesser degree than 
normal. Patients are generally asymptomatic or have mild anemia symptoms [1–3].

3. Epidemiology of beta-thalassemia

Beta-thalassemia is most prevalent in the Mediterranean and Middle East popula-
tions but is also common in regions of Southeast Asia. It has been less prevalent in 
regions of Northern Europe and North America. It is reported that 80–90 million 
people are carriers of this disease, making up about 1.5% of the global population [4]. 
According to a report published by the World Health Organization in 2008, more than 
40,000 infants are born with beta-thalassemia annually, the majority of whom are 
transfusion-dependent. Roughly 205,000 newborns with beta-thalassemia are born in 
Southeast Asia, 10,000 in the Eastern Mediterranean region, 1000 in Europe, and 350 
in North, Central, and South America. Thailand alone has close to 4000 new cases of 
beta-thalassemia annually. Only a few European countries have reported incidences 
of beta-thalassemia major, including Belgium which reported 1 in 25,000 neonates 
being born with beta-thalassemia, and 1 in 113,000 neonates in France between 2005 
and 2008. In the United States, an incidence of 1 in 55,000 newborns was reported 
in California [4]. The high prevalence of beta-thalassemia in certain regions can be 
explained by multiple factors. There is a higher carrier rate and a cultural preference 
for consanguineous marriages in the Middle East. Increases in rates of migration from 
areas with a higher prevalence of beta-thalassemia to non-endemic areas have led to a 
higher prevalence of the disease in some European and Northern American regions. 
Also, with the improvement of health resources and access to blood transfusion cen-
ters, and adequate iron chelation therapy, survival rates have increased significantly, 
adding to the prevalence of beta-thalassemia [3, 4].

Comprehensive prevention programs have been put in place in endemic areas 
of beta-thalassemia, with a focus on public education, genetic counseling, popula-
tion screening, and prenatal diagnostic testing. The Greek National Registry for 
Hemoglobinopathies reported a lower incidence of beta-thalassemia compared to 
what was expected based on the prevalence of carriers in the population [4]. Similar 
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trends have been noted in Iran and Iraq as well, suggesting that thalassemia these pro-
grams have been effective in reducing the prevalence of the disease in some regions.

4. Beta-globin gene mutations causing beta-thalassemia

The beta-globin chain is encoded by a structural gene on chromosome 11 that is 
clustered with five other beta-like genes including ε(HBE), Gγ (HBG2), Aγ (HBG1), 
δ (HBD), and β (HBB) [5]. These genes are arranged on the chromosome based on 
the order of their developmental expression and are dependent on local promotor 
sequences and upstream control regions which bind to various erythroid-specific 
transcription factors (e.g. GATA-1, GATA-2, NF-E2, KLF1) and co-factors (e.g. FOG, 
p300). The controlled gene expression leads to the production of specific hemoglo-
bin tetramers including embryonic (Hb Gower-1 (ζ2ε2), Hb Gower-2 (α2ε2), and 
Hb Portland (ζ2β2)), fetal (α2γ2), and adult (HbA, α2β2 and HbA2, α2δ2). Each is 
produced at a distinct stage of development, allowing for the process of hemoglobin 
switching to occur between the embryonic, fetal, and adult stages of life [5].

Fetal hemoglobin (HbF) is the primary hemoglobin from birth till about 6 months 
of age. Since it is made up of two alpha and two gamma chains and no beta chains, 
the manifestations of beta-thalassemia are not seen until after 6 months. When HbF 
levels drop and make up less than 5% of the total hemoglobin content of the body, 
it is replaced with adult hemoglobin (HbA), which is made up of two alpha and two 
beta chains. Since beta chain production is disrupted in beta-thalassemia, symptoms 
begin during this time. Hydroxyurea is an agent that upregulates gamma-globin gene 
production leading to increased HbF production. Though this therapy is widely used 
in sickle cell disease, its efficiency in beta-thalassemia is still being investigated [5–7].

There have been more than 300 beta-thalassemia alleles reported in the literature. 
However, only about 40 account for more than 90% of beta-thalassemia worldwide 
likely because only a few mutations are common in endemic regions. Downregulation 
of the beta-globin chain can be caused by a variety of molecular changes such as 
point mutations, small deletions limited to the beta-globin genes, or even extensive 
deletions of this region. However, most mutations are non-deletional. They may 
be single-base substitutions and small insertions or deletions of only a few bases 
within the gene. These mutations can lead to downregulation of the beta-globin gene 
throughout all stages of gene expression including transcription of the gene from 
DNA into mRNA to translation of the mRNA into a functional protein [5, 6]. Very 
rarely do larger deletions in the beta-globin gene result in beta-thalassemia. There are 
18 deletions specifically on the beta-globin gene that have been found to cause beta-
thalassemia. They range from 25 base pairs to about 6000 base pairs [5].

5. Pathophysiology of beta-thalassemia

Hemoglobin A is a tetrameter made up of two heterodimers each consisting of 
one alpha and one beta globin chain, attached to a heme moiety in the center. A 
balanced production these chains is crucial and tightly regulated. Once the globin 
chains combine, they are highly soluble in RBCs. However, if left unbound, these 
globin chains are highly insoluble and can accumulate in the blood. In beta-thalas-
semia, excess alpha-globin chains begin aggregating as soon as they accumulate in 
erythroid precursors and precipitate adjacent to the RBC membrane in early marrow 
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erythroid precursors. This disrupts proper membrane assembly and can accelerate 
apoptosis [8–11].

5.1 Effects of beta-thalassemia on red blood cells

In normal physiology, hemoglobin in RBCs is oxidized to methemoglobin and 
subsequently reduced back to native hemoglobin. However, in patients with beta-
thalassemia, the unpaired alpha chains attached to a heme moiety are more suscep-
tible to oxidation and proteolysis, leading to the formation of hemichromes. These 
hemichromes can generate reactive oxygen species that in turn oxidize adjacent RBC 
membrane proteins and lipids. This can cause damage to the membrane by affecting 
the globin chains that bind to the membrane and directly altering cytoskeletal and 
integral membrane proteins [8–11].

Normal RBC precursors undergo cytoskeletal and membrane assembly via spec-
trin, band 4.1, band 3, and several other proteins. The asymmetry of the phospholipid 
bilayer that naturally exists between the inner and outer leaflets of the membrane is 
disrupted with oxidative damage and results in a disorderly and discontinuous pattern 
of membrane protein incorporation, especially in the regions with alpha chain aggre-
gates [12]. There is also a lack of membrane stability caused by an oxidative injury 
that hinders the ability and inability to handle sheer stress [13]. All these changes are 
responsible for the abnormal maturation of RBCs in beta-thalassemia. Although the 
use of proteases may be used to treat membrane damage caused by an accumulation 
of globin chains by directly attacking and partially destroying the chains, they do not 
aid in their elimination from the body [14].

Beta-thalassemia can also affect the hydration of RBCs and result in their dehydra-
tion. This may be due to excessive activation of the potassium-chloride cotransport 
system, which is responsible for controlling potassium chloride loss in the body. 
Excessive activation results in the loss of these ions, leading to the loss of water as 
well. The resultant dehydration can cause a high mean cell hemoglobin concentration 
and a dense appearance on peripheral blood smears [13]. The flexible nature of RBCs 
allows for them to travel through the capillary circulation and the reticuloendothelial 
system lined by phagocytic cells lie within the spleen, liver, and lungs. The dehydra-
tion of RBCs caused by beta-thalassemia can affect this essential property and cause a 
delay in RBC passage and increased engulfment by macrophages [13, 15].

5.2 Causes of anemia in beta-thalassemia

Ineffective erythropoiesis refers to a decrease in the production of RBCs due to the 
destruction of maturing erythroblasts from either apoptosis or hemolysis. In patients 
with thalassemia, ineffective erythropoiesis leads to the expansion of the erythroid 
progenitor cell population and acceleration of differentiation, and mature arrest at 
the polychromatophilic erythroblast stage [16].

Some causes of ineffective erythropoiesis include apoptosis of erythroid 
precursors. Studies have shown that a possible mechanism for this apoptosis in 
beta-thalassemia patients involves the sequestration of heat shock proteins by free 
alpha-globin chains contained within the cytoplasm of precursor RBCs. These heat 
shock proteins are generally expressed in response to stress and play an important 
role in the stabilization of the cell [17]. The caspase and cytochrome proteins, which 
regulate apoptosis, were also found to be abnormally phosphorylated in the bone 
marrow erythroblasts of some beta-thalassemia patients [18]. Apoptosis of cells can 
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result in the movement of phosphatidylserine from the inner to the outer leaflet of 
RBC membranes, which serves as a signal for the removal of the cell by macrophages 
in the reticuloendothelial system [19].

Adverse consequences of ineffective erythropoiesis can arise at peripheral loca-
tions and result in extramedullary hematopoiesis, which is the production of RBCs 
outside of the bone marrow. This process is driven by a rise in erythropoietin levels 
and can manifest with the expansion of bone marrow cavities that can distort long 
bone, head, and facial bones that are not common sites of erythropoiesis. Ineffective 
erythropoiesis can also result in increased iron absorption, which is accompanied by 
its own set of complications.

Hemolysis can also lead to anemia in beta-thalassemia patients and can shorten the 
lifespan of the RBC by a third. This hemolysis is caused by the aggregation and oxida-
tion of RBC membranes, resulting in mechanical property changes such as increased 
rigidity and dehydration that inhibit their smooth passage within the reticuloendo-
thelial system and allow more time for macrophages to phagocytose the cells. Studies 
show that patients who have undergone splenectomies are more likely to be observed 
with unstable and deformed RBCs [20–22].

6. COVID-19

In late 2019, the first cases of mysterious pneumonia of unspecified origin were 
seen in Wuhan, the capital of Hubei province, China. Later, it would be confirmed 
that these cases were caused by the coronavirus disease 2019 (COVID-19). This patho-
gen belongs to the enveloped RNA beta coronavirus family. Due to its similarities 
with the original severe acute respiratory syndrome coronavirus (SARS-CoV-2) and 
Middle East Respiratory Syndrome (MERS) viruses, it was named SARS-CoV-2. Over 
the past 2–3 years, a staggering number of studies have explored the epidemiology 
and clinical presentation of COVID-19. However, there remains much to be learned 
regarding how the virus impacts the respiratory system both in the short and long 
term and how it affects those with chronic conditions such as hemoglobinopathies. 
Taking a macroscopic view, data classifies the presentation of the disease as mild, 
severe, or critical [23, 24]. A common symptom that is independently associated with 
in-hospital mortality is the severity of hypoxemia; this symptom has been described 
as a potentially important predictor of whether a patient requires intensive care.

6.1 Pathophysiology of hypoxemia in COVID-19

Arterial hypoxemia, an early sequela of COVID-19 infection, is caused mainly 
due to a V/Q mismatch. Continued blood flow to non-ventilated alveoli increased the 
P(A-a) O2 gradient. Infection also causes interstitial edema, particularly in structures 
with elastic properties responsible for withstanding stress and strain. This edema can 
lead to the appearance of ground-glass opacities and consolidation on chest X-ray or 
computerized tomographic imaging. Additionally, the edema causes loss of surfac-
tant and increased superimposed pressure on lung parenchyma, eventually leading to 
alveolar collapse. While this occurs, a moderate amount of cardiac output continues 
to perfuse these collapsed areas, causing intrapulmonary shunting. The body’s 
response to this is increased effort of breathing and use of accessory muscles, causing 
a rise in tidal volume, and subsequently, negative inspiratory intrathoracic pressure. 
Inflammation also causes increased lung permeability, which when combined with 
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the increase in negative intrathoracic pressure, leads to progressive edema, alveolar 
flooding, and effusions. Over time, this causes a severe decline in the quality of 
oxygenation and increases shunt fraction which is difficult to correct by increasing 
FiO2 [25].

While useful, clinicians should take caution when using oxygen saturation 
measured by pulse oximetry (SpO2) to detect hypoxemia. Tachypnea and hyper-
pnea due to infection, as described above, cause respiratory alkalosis and subse-
quent drop in PaCO2. This leads to a left shift in the oxyhemoglobin dissociation 
curve. Increased affinity of hemoglobin for oxygen during these periods can result 
in a paradoxical finding of preserved SpO2 during states of low PaO2 [25–27]. 
Another theory for the left-ward shift of the oxy-hemoglobin curve in COVID-19 
was put forth by Rapozzi et al. Their hypothesis states that serum heme levels 
increase in COVID-19 infection, along with harmful iron ions (Fe3+) which cause 
inflammation and cell death. However, the interaction of the virus and abnormal 
heme groups remains to be studied. The apparently increased oxygen affinity of 
hemoglobin leads to lower tissue perfusion and extremity ischemia in patients with 
normal hemoglobin structure. However, for patients with thalassemias or sickle 
cell disease that may be on HbF treatment, the changes in the oxy-hemoglobin 
curve may shed light on if having hemoglobinopathies is protective or not against 
infection [26].

Further exploration of how COVID-19 affects erythrocytes and hemoglobin was 
done by the group. They propose that viral protein ORF8 and a surface glycoprotein 
of COVID-19 damaged the 1-beta chain of deoxyhemoglobin via docking with por-
phyrin and lead to the release of iron-free porphyrins. This interaction is intriguing. If 
it can be proven in vitro settings, this apparent interaction could explain cases where 
having beta-thalassemia has been shown to be protective against COVID- 19 infec-
tions. An absence of a beta-hemoglobin chain would leave the virus unable to nega-
tively affect the oxygen binding capacity of existing hemoglobin chains, especially in 
patients that have increased HbF due to hydroxyurea therapies [26].

6.2 COVID-19 and beta-thalassemia

Multiple studies have been conducted to study the relationship between beta-
thalassemia and COVID-19 infection. These studies have been piloted by groups 
mainly from countries where thalassemias have a higher prevalence, such as the 
Mediterranean and Middle Eastern nations. Researchers from these nations posit two 
hypotheses regarding the susceptibility of beta-thalassemia patients to COVID-19. 
One theory states that patients with beta-thalassemia may be more susceptible to 
COVID-19 infection and have worse outcomes due to chronic conditions such as heart 
disease, liver disease, iron overload, adrenal insufficiency, diabetes, and splenec-
tomy. Being in a prolonged state of oxidative stress can lead to immunosuppression 
and thus worsen the body’s innate ability to combat infection. A latent effect of 
beta-thalassemia is the need for ongoing medical treatment and attention that these 
patients need. Frequent visits to hospitals or medical centers for blood transfusion 
and complication management increase these patients’ exposure to COVID-19. A 
second theory, however, proposes a different possibility. It suggests that patients who 
are heterozygous for beta-thalassemia may have immunity against COVID-19 infec-
tion. This is in part because beta-thalassemia patients have a higher concentration of 
HbF, which possesses a unique tetramer structure. The exact protective potential of 
HbF in COVID-19 infection remains to be studied [27].
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Figure 1 is a hypothetical representation of the interaction between the SARS-
CoV-2 virus and the erythrocytes infected [28]. The internalization process is the 
virus is dependent on TMPRSS2, a serine protease, and angiotensin-converting 
enzyme type 2 (ACE-2), which allow entry of the virus into the cell. Once in the cell, 
the infection would activate metabolic processes that would result in oxidative stress. 
This negatively affects erythrocytes and would cause their destruction. The release of 
Fe2+ from damaged erythrocytes would further propel the metabolic reactions leading 
to oxidative stress. Remnants of alpha and beta hemoglobin chains would also be 
released into the intercellular space [28].

6.2.1 Review of published studies

A study from Iran describes 43 patients with beta-thalassemia from the ages of 
9–67 years who contracted COVID-19. These patients were both transfusion-depen-
dent and transfusion-independent. Results showed that transfusion-independent 
patients had a higher mortality rate (27.3%) than patients who were receiving regular 
transfusions (4.71%). Patients in the transfusion-independent category were found 
to be in a persistent chronic anemic state with hypercoagulability. Additionally, micro 
thrombosis made these patients more likely to develop pulmonary artery hyperten-
sion and heart failure. However, overall, the study found that the prevalence of 
COVID-19 infections in the beta-thalassemia population was lower than in the general 
population. Another report from the same group describes that in 48 patients with 
beta-thalassemia from ages 9–67, 8 (16.7%) died from COVID-19. Compared to the 
general population, while patients with beta-thalassemia had a lower prevalence of 
COVID-19 infection, those that did contract the disease had higher mortality [29, 30].

An Italian group studied individuals with thalassemia who contracted COVID-19 
and had 15 days of follow-up from symptom onset of positive SARS-CoV2 positivity. 
They collected data on 11 patients, mainly centered in northern Italy. Patients ranged 
from ages 31–61 years with a majority being female. Ten patients were transfusion-
dependent, and one was not. Eight of these patients were splenectomized and all 
patients had thalassemia-associated comorbidities. Six of the patients were hospital-
ized with mild-moderate upper respiratory symptoms but did not require mechanical 

Figure 1. 
SARS-CoV-2 entry into host cell and resultant erythrocyte damage.
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ventilation. Three patients were asymptomatic. One patient developed severe symp-
toms of high fever, agranulocytosis, and lymphopenia. This patient also required 
intensive ventilation support with continuous positive airway pressure. Of the six 
hospitalized patients, the clinical course ranged from 10 to 29 days. Splenectomy was 
not found to affect the clinical course of any of the patients. One surprising finding 
was the apparent lack of severe acute respiratory syndrome in the patients, as well as 
a lack of signs of cytokine storm or death given the mean age and comorbidities of the 
patient population. From their preliminary data, the research team concluded that 
thalassemia did not increase the severity of COVID-19 disease progression [31].

A French study showed that most of the cases of COVID-19 and thalassemia had a 
favorable outcome in France. The study proposed that this was most likely due to the 
rarity of the most severe hemochromatosis-related complications such as diabetes, 
heart failure, cirrhosis, or iron overload in transfusion-dependent patients. However, 
the study also reported that patients with signs of iron overload detectable via MRI 
had an increased risk of thromboembolism events, particularly renal or hematological 
side effects [32].

Most recently, a systematic review meta-analysis of three papers from France in 
July 2022 described the susceptibility of beta-thalassemia carriers and COVID-19 
susceptibility. Based on their findings and after conducting statistical analysis the 
study found that beta-thalassemia patients were less susceptible to COVID-19 but 
had higher mortality if infected when compared to the general population. Those 
that had an ICU course that did not result in death tended to have a shorter ICU stay 
when compared to patients with no hemoglobinopathies. While the sample size of this 
systematic review was small, it shows interesting evidence to further showcase the 
potential protective effects of beta-thalassemia in COVID-19 infections [33].

6.2.2 Review of case reports

A multitude of case reports showcasing the outcomes of COVID-19 infection 
in patients with hemoglobinopathies has been published. From Indonesia, four 
beta-thalassemia pediatric patients developed mild COVID-19 infection with one 
developing thrombosis supported by elevated D-dimer [34]. In Italy, a 59-year-old 
woman who was transfusion-dependent developed a mild COVID-19 infection [35]. 
In Pakistan, two patients developed a mild infection as well, with one of the patients 
having a prior splenectomy [36]. Most case reports describe the infection progression 
in pediatric patients, while also reporting benign infection courses for all patients.

6.2.3 Summary of findings

Almost universally, the presented studies highlight the relatively young population 
of patients with COVID-19 and thalassemia had a favorable outcome probably due to 
the rarity of the most severe hemochromatosis complications. Specific risks related to 
both thalassemia-related co-morbidities and long-term treatments should be consid-
ered. No clear-cut separation between the direct effect of thalassemia on hemoglobin 
structure and the effect of systemic comorbidities on COVID-19 outcomes has been 
established.

SARS-CoV-2 proteins can attack the beta chain of hemoglobin, resulting in 
impaired oxygen transfer and increased ferritinemia. Thus, in hemoglobinopathies 
with beta chain defects and low hepcidin levels, susceptibility to COVID-19 infection 
might decrease. Higher levels of HbF in thalassemia patients may be protective against 
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viral infections; the anti-parasitic effect of HbF has been well-documented in areas 
where malaria is endemic. Studies have attributed lower COVID-19-related mortality 
in tropical countries where there is a higher prevalence of thalassemias/sickle cell 
disease due to the increased use of hydroxyurea which induces HbF production. This 
theory supports the pursuit of clinical studies analyzing the role of HbF-inducing 
therapies as treatment for COVID-19. Hydroxyurea is a medication used in patients 
with thalassemia intermedia. Its anti-inflammatory function, antiviral effect, and 
induction of HbF levels might suggest the benefit of hydroxyurea against the severe 
forms of COVID-19 [37, 38].

Splenectomy is a common therapeutic intervention in thalassemias, but it might 
increase the risk of coagulopathy and cytokine storms. However, there is no evidence 
that splenectomy increases the risk of severe COVID-19 in asplenic/hyposplenic 
patients [39]. High ferritin levels might be a negative prognostic factor in patients 
with COVID-19, and iron chelation might be beneficial against COVID-19 [40]. 
Patients with hemoglobinopathies, including those with thalassemias, are at increased 
risk of developing severe complications of COVID-19. Lifestyle and nutrition controls 
are important in controlling their infection, and vitamin D supplementation is ben-
eficial against viral and bacterial infections. Two trace elements, zinc, and selenium 
are involved in the immune system’s integrity and are necessary for beta-thalassemia 
patients during the COVID-19 pandemic.

6.2.4 Socio-economic factors affecting patients with beta-thalassemia

Most infants born with beta-thalassemia are in Southeast Asia and the Middle 
East. Nations in these geographical locations are still developing standardized and 
accessible healthcare for their citizens. While patient education and screening mea-
sures have been taken and some countries, such as Iran and Greece, have reported a 
lower incidence of thalassemias, there remains a stark asymmetry in access to proper 
healthcare in developing nations when compared to nations of the European Union 
and North America. As a result, it is possible that many patients who suffer from 
hemoglobinopathies may not have access to or be educated about when to seek health-
care. This results in lower data from clinical sources for studies such as those listed 
above. Additionally, due to the small sample size of the studies listed above, the power 
of each outcome is low. While some of the results reported are seen as significant 
after statistical analysis, it is not possible to generalize these findings without further 
inquiry. The potential protective nature of thalassemias in COVID-19 infection may 
not be relevant if patients who do contract the disease have higher mortality when 
compared to the general population [41].

6.3 Vaccines for patients with beta-thalassemia

While exact SARS-CoV-2 vaccination rates among patients with thalassemias are 
difficult to ascertain, vaccination is imperative in this community. The efficiency of 
the humoral response to the new vaccines against SARS-CoV-2 is currently a topic 
of great scientific relevance. The importance of vaccination in vulnerable patients is 
highlighted by the increased mortality rates in patients with hemoglobinopathies that 
contract COVID-19. A recent study by Anastasia et al. describes the humoral immune 
system response to the Comirnaty vaccine in beta-thalassemia major patients. In 
the study, beta thalassemia major patients were boosted with BNT162b2, an mRNA 
vaccine, produced by Pfizer-Biontech. Sixty-seven patients met the inclusion criteria. 
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Blood samples were collected from participants after receiving two doses of the 
vaccine. Antibody titers were measured against the receptor binding domain (RBD) 
in the S1 subunit of the Spike protein by using a quantitative Elecsys anti-SARS-
CoV-2 ROCHE automated system. The study observed that 73.3% of splenectomized 
transfusion-dependent thalassemia patients showed anti-S ab titers in the second 
quartile, while non-splenectomized transfusion-dependent thalassemia patients had 
anti-S ab titers below 800 BAU/mL.

One month after administration of the second vaccine dose, there were no notable 
side effects in the patients. The production of immunoglobulin levels was robust in 
asplenic patients, arising several issues concerning the unusual humoral immune 
response in this vulnerable population. The group suggests that after splenectomy, 
memory B cells are deficient in patients. The role of humoral immunity then falls 
on perilymphatic tissue and bone marrow. The group suggests that this paradoxi-
cal increase in antibody titers in splenectomized patients may be due to unknown 
interactions between a novel mRNA vaccine and pathways in the immune system yet 
to be elucidated [42].

7. Conclusion

In conclusion, the current literature supports the conclusion that beta-thalassemia 
is protective against COVID-19. Surprisingly, most studies and case reports focus on 
patients with beta-thalassemia major. There is yet much to learn about the outcomes 
of patients with thalassemia minor and other hemoglobinopathies. The relative pro-
tective factors of beta-thalassemia major may not be present in other manifestations 
of the disease. Due to the limited patient population and lack of resources in nations 
where thalassemia is more common, it is possible a widescale study is not feasible. 
A lack of evidence-based medicine for such patients is glaring in the age of modern 
medicine. Leaders and researchers in hematology should focus efforts on expanding 
the current data available by controlled testing using in vitro samples. A keen under-
standing of the interactions between COVID-19 and abnormal hemoglobin chains is 
needed to better treat this vulnerable patient population.

Conflict of interest

The authors declare no conflict of interest.



Thalassemia Syndromes – New Insights and Transfusion Modalities

36

Author details

Simran Patel, Armaan Shah, Ryan Kaiser and Raj Wadgaonkar*
SUNY Downstate Health Sciences University, Brooklyn, USA

*Address all correspondence to: raj.wadgaonkar@downstate.edu

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Effects of Beta-Thalassemia on COVID-19 Outcomes
DOI: http://dx.doi.org/10.5772/intechopen.110000

37

References

[1] Bajwa H, Basit H. Thalassemia. 
In: StatPearls. Treasure Island (FL): 
StatPearls Publishing; 2022

[2] Sotiriou S, Samara AA, 
Vamvakopoulou D, et al. Susceptibility 
of beta-thalassemia heterozygotes to 
COVID-19. Journal of Clinical Medicine. 
2021;10(16):3645. DOI: 10.3390/
jcm10163645

[3] Kattamis A, Forni GL, Aydinok Y, 
Viprakasit V. Changing patterns in the 
epidemiology of beta-thalassemia. 
European Journal of Haematology. 
2020;105(6):692-703. DOI: 10.1111/
ejh.13512

[4] Origa R. beta-Thalassemia. Genetics 
in Medicine. 2017;19(6):609-619.  
DOI: 10.1038/gim.2016.173

[5] Thein SL. Molecular basis of β 
thalassemia and potential therapeutic 
targets. Blood Cells, Molecules & 
Diseases. 2018;70:54-65. DOI: 10.1016/j.
bcmd.2017.06.001

[6] Needs T, Gonzalez-Mosquera LF, 
Lynch DT. Beta Thalassemia. In: 
StatPearls. Treasure Island (FL): 
StatPearls Publishing; 2022

[7] Yasara N, Premawardhena A, 
Mettananda S. A comprehensive 
review of hydroxyurea for 
β-haemoglobinopathies: The role 
revisited during COVID-19 pandemic. 
Orphanet Journal of Rare Diseases. 
2021;16(1):114. DOI: 10.1186/
s13023-021-01757-w

[8] Advani R, Sorenson S, 
Shinar E, Lande W, Rachmilewitz E, 
Schrier SL. Characterization and 
comparison of the red blood cell 
membrane damage in severe human 

alpha- and beta-thalassemia. Blood. 
1992;79(4):1058-1063

[9] Scott MD, Rouyer-Fessard P, 
Lubin BH, Beuzard Y. Entrapment of 
purified alpha-hemoglobin chains in 
normal erythrocytes. A model for beta 
thalassemia. The Journal of Biological 
Chemistry. 1990;265(29):17953-17959

[10] Scott MD, Rouyer-Fessard P, Ba MS, 
Lubin BH, Beuzard Y. Alpha- and beta-
haemoglobin chain induced changes 
in normal erythrocyte deformability: 
Comparison to beta thalassaemia 
intermedia and Hb H disease. British 
Journal of Haematology. 1992;80(4):519-
526. DOI: 10.1111/j.1365-2141.1992.
tb04567

[11] Scott MD, van den Berg JJ, Repka T, 
et al. Effect of excess alpha-hemoglobin 
chains on cellular and membrane 
oxidation in model beta-thalassemic 
erythrocytes. The Journal of Clinical 
Investigation. 1993;91(4):1706-1712. 
DOI: 10.1172/JCI116380

[12] Aljurf M, Ma L, Angelucci E, et al.  
Abnormal assembly of membrane 
proteins in erythroid progenitors of 
patients with beta-thalassemia major. 
Blood. 1996;87(5):2049-2056

[13] Schrier SL, Rachmilewitz E, 
Mohandas N. Cellular and membrane 
properties of alpha and beta thalassemic 
erythrocytes are different: Implication 
for differences in clinical manifestations. 
Blood. 1989;74(6):2194-2202

[14] Sancar GB, Cedeno MM, Rieder RF. 
Rapid destruction of newly synthesized 
excess beta-globin chains in HbH disease. 
Blood. 1981;57(5):967-971

[15] Dondorp AM, Chotivanich KT, 
Fucharoen S, et al. Red cell deformability, 



Thalassemia Syndromes – New Insights and Transfusion Modalities

38

splenic function and anaemia in 
thalassaemia. British Journal of 
Haematology. 1999;105(2):505-508.  
DOI: 10.1111/j.1365-2141.1999.01367.x

[16] Arlet JB, Dussiot M, Moura IC, 
Hermine O, Courtois G. Novel players 
in β-thalassemia dyserythropoiesis 
and new therapeutic strategies. 
Current Opinion in Hematology. 
2016;23(3):181-188. DOI: 10.1097/
MOH.0000000000000231

[17] Arlet JB, Ribeil JA, Guillem F, et al. 
HSP70 sequestration by free α-globin 
promotes ineffective erythropoiesis 
in β-thalassaemia. Nature. 
2014;514(7521):242-246. DOI: 10.1038/
nature13614

[18] Pootrakul P, Sirankapracha P, 
Hemsorach S, et al. A correlation 
of erythrokinetics, ineffective 
erythropoiesis, and erythroid 
precursor apoptosis in Thai 
patients with thalassemia. Blood. 
2000;96(7):2606-2612

[19] Wiener E, Wanachiwanawin W, 
Kotipan K, Fucharoen S, Wasi P, 
Wickramasinghe SN. Erythroblast- and 
erythrocyte-bound antibodies in alpha 
and beta thalassaemia syndromes. 
Transfusion Medicine. 1991;1(4):229-
238. DOI: 10.1111/j.1365-3148.1991.
tb00038.x

[20] Galili U, Korkesh A, Kahane I, 
Rachmilewitz EA. Demonstration of 
a natural antigalactosyl IgG antibody 
on thalassemic red blood cells. Blood. 
1983;61(6):1258-1264

[21] Yuan J, Kannan R, Shinar E,  
Rachmilewitz EA, Low PS. 
Isolation, characterization, and 
immunoprecipitation studies of 
immune complexes from membranes of 
beta-thalassemic erythrocytes. Blood. 
1992;79(11):3007-3013

[22] Wanachiwanawin W, 
Siripanyaphinyo U, Fucharoen S, et al. 
Activation of monocytes for the immune 
clearance of red cells in beta zero-
thalassaemia/HbE. British Journal of 
Haematology. 1993;85(4):773-777. DOI: 
10.1111/j.1365-2141.1993.tb03222.x

[23] Wu Z, McGoogan JM. Characteristics 
of and important lessons from the 
coronavirus disease 2019 (COVID-19) 
outbreak in China: Summary of a report 
of 72 314 cases from the Chinese Center 
for Disease Control and Prevention. 
Journal of the American Medical 
Association. 2020;323(13):1239-1242. 
DOI: 10.1001/jama.2020.2648

[24] Omer SB, Malani P, Del Rio C. The 
COVID-19 pandemic in the US: A clinical 
update. Journal of the American Medical 
Association. 2020;323(18):1767-1768. 
DOI: 10.1001/jama.2020.5788

[25] Gattinoni L, Chiumello D, Caironi P, 
et al. COVID-19 pneumonia: Different 
respiratory treatments for different 
phenotypes? Intensive Care Medicine. 
2020;46(6):1099-1102. DOI: 10.1007/
s00134-020-06033-2

[26] Rapozzi V, Juarranz A, Habib A, 
Ihan A, Strgar R. Is haem the real target 
of COVID-19?. Photodiagnosis and 
Photodynamic Therapy. 2021;35:102381. 
DOI: 10.1016/j.pdpdt.2021.102381

[27] Karimi M, Haghpanah S, 
Azarkeivan A, et al. Prevalence and 
mortality in β-thalassaemias due 
to outbreak of novel coronavirus 
disease (COVID-19): The nationwide 
Iranian experience. British Journal of 
Haematology. 2020;190(3):e137-e140. 
DOI: 10.1111/bjh.16911

[28] Mendonça MM, da Cruz KR, 
Pinheiro DDS, et al. Dysregulation 
in erythrocyte dynamics caused by 
SARS-CoV-2 infection: Possible role in 



Effects of Beta-Thalassemia on COVID-19 Outcomes
DOI: http://dx.doi.org/10.5772/intechopen.110000

39

shuffling the homeostatic puzzle during 
COVID-19. Hematology, Transfusion and 
Cell Therapy. 2022;44(2):235-245.  
DOI: 10.1016/j.htct.2022.01.005

[29] de Sanctis V, Canatan D, Corrons JLV, 
et al. Preliminary data on COVID-19 in 
patients with hemoglobinopathies: A 
multicentre ICET-A study. Mediterranean 
Journal of Hematology and Infectious 
Diseases. 2020;12(1):e2020046.  
DOI: 10.4084/MJHID.2020.046

[30] Karimi M, Haghpanah S, 
Azarkeivan A, Matin S, Safaei A, De 
Sanctis V. Coronavirus disease 2019 
(COVID-19) severity in patients 
with thalassemias: A nationwide 
iranian experience. Mediterranean 
Journal of Hematology and Infectious 
Diseases. 2021;13(1):e2021008.  
DOI: 10.4084/MJHID.2021.008

[31] Motta I, Migone De Amicis M, 
Pinto VM, et al. SARS-CoV-2 infection in 
beta thalassemia: Preliminary data from 
the Italian experience. American Journal 
of Hematology. 2020;95(8):E198-E199. 
DOI: 10.1002/ajh.25840

[32] Telfer P, De la Fuente J, Sohal M, et al. 
Real-time national survey of COVID-19 
in hemoglobinopathy and rare inherited 
anemia patients. Haematologica. 
2020;105(11):2651-2654. DOI: 10.3324/
haematol.2020.259440

[33] Edouard L, Emmanuel D, Carsten B. 
Beta-Thalassemia minor and SARS-CoV-2, 
prevalence, severity, morbidity and 
mortality: A systematic review study, 
medRxiv doi: 10.1101/2022.07.25.22278009

[34] Marhaeni W, Wijaya AB, Khairiyadi, 
Munawaroh, Hendriyono. Coagulation 
abnormalities due to COVID-19 in a 
child with thalassemia. Indian Journal of 
Pediatrics. 2021;88(4):396-397.  
DOI: 10.1007/s12098-020-03600-9

[35] Okar L, Ali M, Parengal J, Yassin MA. 
COVID-19 and thalassemia beta major 
in splenectomized patient: Clinical 
case progression and literature review. 
Clinical Case Reports. 2020;8(12):2918-
2922. DOI: 10.1002/ccr3.3345

[36] Torti L, Maffei L, Sorrentino F,  
De Fabritiis P, Miceli R, Abruzzese E.  
Impact of SARS CoV-2 in 
hemoglobinopathies with immune 
disfunction and epidemiology. A 
protective mechanism from beta chain 
hemoglobin defects? Mediterranean 
Journal of Hematology and Infectious 
Diseases. 2020;12(1):e2020052.  
DOI: 10.4084/MJHID.2020.052

[37] Yadav U, Pal R. Challenging times 
for children with transfusion-dependent 
thalassemia amid the COVID-19 pandemic. 
Indian Pediatrics. 2020;57(5):478. DOI: 
10.1007/s13312-020-1831-9

[38] Lee CK, Leung JNS, Cheng P, 
Lung DC, To KKW, Tsang DNC. Absence 
of SARS-CoV-2 viraemia in a blood 
donor with COVID-19 post-donation. 
Transfusion Medicine. 2021;31(3):223-
224. DOI: 10.1111/tme.12724

[39] d'Arqom AG, Putri M, Savitri Y, 
Rahul Alfaidin AM. Vitamin and mineral 
supplementation for β-thalassemia 
during COVID-19 pandemic. Future 
Science OA. 2020;6(9):FSO628.  
DOI: 10.2144/fsoa-2020-0110

[40] Cavezzi A, Troiani E, Corrao S.  
COVID-19: Hemoglobin, iron, and 
hypoxia beyond inflammation. A 
narrative review. Clinics and Practice. 
2020;10(2):1271. DOI: 10.4081/
cp.2020.1271

[41] Khanna AK, Prabhakaran A, Patel P, 
Ganjiwale JD, Nimbalkar SM. Social, 
psychological and financial burden 
on caregivers of children with chronic 
illness: A cross-sectional study. Indian 



Thalassemia Syndromes – New Insights and Transfusion Modalities

40

Journal of Pediatrics. 2015;82(11):1006-
1011. DOI: 10.1007/s12098-015-1762-y

[42] Anastasi E, Marziali M, Preziosi A, 
et al. Humoral immune response to 
Comirnaty (BNT162b2) SARS-Cov2 
mRNA vaccine in Thalassemia major 
patients. Microbes and Infection. 
2022;24(6-7):104976. DOI: 10.1016/j.
micinf.2022.104976



41

Section 2

Thalassemia Syndromes





43

Chapter 3

Newborn Screening and 
Thalassaemia Syndrome
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Abstract

Haemoglobin variants or haemoglobin disorders are a group of clinical disorders 
characterised by impairment of synthesis of normal adult haemoglobin, due to genet-
ically determined abnormality in the formation of the globin moiety of the molecule. 
These disorders fall into two broad groups, that is qualitative (haemoglobinopathies) 
and quantitative (thalassaemias). In the anthropoids, the most common congenital 
single-gene disorder is the alteration of the globin genes which account for about 270 
million carriers globally. These globin gene alterations cause low/no globin expression 
(thalassaemia) or abnormal globin protein production (haemoglobinopathy). The 
clinical manifestation of haemoglobin disorder is the culminated measure of one’s 
genetic and molecular makeup. Summarily, the study, diagnosis and management of 
thalassaemia are models of biological principles of human disease. Newborn screen-
ing, however, is a system that aims at improving management and/or eradication of 
genetic disorders from the neonatal stage of life. This chapter will be dealing with the 
definition and steps involved in newborn screening for thalassaemia.

Keywords: thalassaemia, newborn screening, confirmatory diagnosis, haemoglobin 
disorders, next-generation sequencing (NGS)

1. Introduction

The haemoglobin (Hb) is a tetramallic, metalloprotein consisting of two alpha α 
and/or α-like alleles (α or ζ) and two β and/or β-like alleles (ε, γ, δ or β) globin chains 
with a chemical formula (C2952H4664O832N812S8Fe4) [1, 2]. Each polypeptide globin 
chain is folded around a haem molecule (Figure 1). The major function of Hb is a 
gaseous transfer between the tissue and the lungs. The globin chains are encrypted 
by their various genes sited on chromosome 11 and chromosome 16 and they all 
have more than one allele [4]. These alleles codes for the various globin chains at 
various stages of human life from the embryonic to adult life in varying concentra-
tions (Tables 1 and 2). Many of these alleles undergo point mutations during DNA 
sequencing resulting in single amino acid substitution in the globin portion, leading 
to the production of haemoglobin derivatives (variants) [6]. Haemoglobin variants or 
haemoglobin disorders are a group of clinical disorders characterised by impairment 
of synthesis of normal adult haemoglobin, due to genetically determined abnor-
mality in the formation of the globin moiety of the molecule. These disorders fall 
into two broad groups, that is, qualitative (haemoglobinopathies) and quantitative 
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(thalassaemias) [ 7 ]. In the anthropoids, the most common congenital single-gene 
disorder is the alteration of the globin genes which account for about 270 million car-
riers globally and 0.4 million of such births annually [ 8 ]. These globin gene alterations 
cause low/no globin expression (thalassaemia) or abnormal globin protein produc-
tion (haemoglobinopathy). The clinical manifestation of haemoglobin disorder is 
the culminated measure of one’s genetic and molecular makeup. Summarily, the 
study, diagnosis and management of thalassaemia is a model of biological principles 
of human disease. Newborn screening however is a system that aims at improving 
management and/or eradication of genetic disorders from the neonatal stage of life.    

  1.1 The haemoglobin nature and structure 

 The anatomy and genetic structure of the human haemoglobin are demonstrated 
in the tables and figures below.  

  Figure 1.
  Haemoglobin structure. A molecule of haemoglobin is made up of four subunits; two alpha-like subunits and 
two beta-like subunits. Each subunit contains a haem group with a ferrous core to which an oxygen molecule can 
reversibly bind. Image adapted from [ 3 ].          
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1.2 What is newborn screening?

Newborn screening is an entire system of identification, treatment, manage-
ment and possibly eradication of genetic disorders from the neonatal stage of life. 
Newborn screening starts from the recruiting stage through the diagnosis of the 
infant and management. It is generally applied for the early recognition of infants 
affected by disorders that benefit from early treatment to avoid irreversible health 
problems [9]. It is supreme for early diagnosis and enrolment of affected children 
into a comprehensive health care programme. This has created diagnostic and treat-
ment opportunities for several children with genetic or metabolic diseases across 
the globe with a resultant healthier life. However; in many countries, the screening 

Haemoglobin specie Globin chains present Period when normally present

A α2β2 (alpha2 & beta2) Major haemoglobin in adult life

A2 α2δ2 (alpha2 & delta2) Minor haemoglobin in adult life; even more 
minor in foetal and neonatal life

F α2γ2 (alpha2 & gamma2) Minor haemoglobin in adult life; major 
haemoglobin in foetal life with a declining 
percentage through the neonatal period

Gower 1 ζ2ε2 (zeta2 & epsilon2) Significant haemoglobin during early 
intrauterine life

Gower 2 α2ε2 (alpha2 & epsilon2) Significant haemoglobin during early 
intrauterine life

Portland I or Portland II ζ2γ2 or ζ2β2 (zeta2 & gamma2 
or beta2)

Significant haemoglobin during early 
intrauterine life

Modified from: [5].

Table 1. 
Haemoglobins normally present during adult, foetal and embryonic periods of life.

Haemoglobin Structure Levels at birth Levels in adult Comments

A α2β2 20–25% 97% Reaches adult levels by 
one year of age.

A2 α2δ2 0.5% 2.5% Elevated in β 
thalassaemia trait

F α2γ2 75–80% <1% Reaches adult levels by 
one year of age

HbH β4 15–20% in HbH 
disease

NA HbH produces 
Heinz bodies in the 
erythrocytes and 

haemolysis

Hb Bart γ4 100% in hydrops 
feotalis, 15–25% in 

HbH disease

NA Increased in carriers of α 
thalassaemia trait at birth

Courtesy: [3].

Table 2. 
Normal and variant haemoglobin at birth and in older children.
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programmes have not started or have been limited to a few disease conditions [10]. 
These delays are tied to financial incapabilities of the citizens and lack of govern-
ment-established organisation for screening. However, the physician’s suspicion and 
or awareness is heightened by accurate identification of risk factors of haemoglobin 
disorders and family history [11]. The ultimate benefit of newborn screening 
programmes is the improved health status in patients diagnosed early and treated 
optimally. However, issues such as false positives and false negatives results might 
occur but the use of novel and molecular technologies for confirmation has over that 
[12]. Each part of the newborn screening system is important and needs evaluation 
for any weaknesses. Newborn screening for genetic disorders can be undertaken 
from two dimensions:

1. Random selection from all neonates aged 0–9 months of life to ensure full devel-
opment of every haemoglobin gene and mutational characteristics.

2. Collation of family history during antenatal visits or recruiting of all willing 
pregnant women whose family histories are suggestive of a haemoglobin disor-
der or the “don’t know” subjects.

The family history method might be cost-effective but will likely miss out on the 
few misinformed questionnaires, so for a start, a random newborn screening of a 
population site should be of best interest for subsequent studies, government policies 
and data storage.

1.2.1 Algorithm for newborn screening

1. Create awareness through seminars and meetings for parents/guardians and 
plead or persuade them to cooperate for the success of the programme.

2. Formulate centres/medical outlets that will be equipped with personnel for 
recruiting, counselling, sampling and testing.

3. Alternatively, incorporate NBS into an already existing programme such as child 
immunization and include personnel for haemoglobin disorders screening as in 
no. 2 above.

4. All prospective thalassaemia syndromes from a well-structured questionnaire 
are issued a consent form to the parents/guardians.

5. Every consented subject should be sampled for screening via dry blood sampling 
(DBS) in six to eight spots.

6. Communicating positive screening results to a clinician and/or parents and 
tracking outcomes of confirmatory testing are of primary concern for the final 
outcome.

7. Follow-up or regular data review processes for newborn screening ensure 
total inclusion of all infants with thalassaemia syndrome for management and 
treatment
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8. For the collection of whole blood samples for confirmation, ethylenediaminetet-
raacetic acid (EDTA) is the typical anti-coagulant used. Heparin may interfere 
with DNA amplification by polymerase chain reaction (PCR). DBS collected 
from a finger prick; preferably the last finger or the heel is commonly used. To 
maintain the integrity of haemoglobin molecules, the medium of transportation 
and storage of DBS must be dry and cool, possibly by means of dry ice.

1.3 The thalassaemias

Thalassaemia is a group of heterogenous genetic disorders of haemoglobin synthesis. 
These disorders arise from a decrease in production rate of one or more globin chain 
[13]. The thalassaemias are named α, β, δβ- and γδβ-thalassaemias depending on the 
globin chain that is produced in a reduced amount. In the occasion where one of the 
globin chain is not synthesised at all, the condition is known as thalassaemia Null (°), 
that is, α0 or β0 thalassaemias. This condition usually occurs amongst the populace 
with structural Hb abnormalities, therefore the inheritance of one thalassaemia gene 
from one parent and the second gene with a structural Hb variant from the next 
parent is a common finding in such places [14]. Other minor haemoglobins in adults 
include HbF (foetal haemoglobin, α2γ2) and HbA2 (α2δ2) [15].

The α-Thalassaemias: These groups of thalassaemias result from the deletion of 
one or more alpha-globin genes and are subgrouped in order of the number of the 
α-globin gene deletions. Hence, one gene deletion is α+-thalassaemia, α0-thalassaemia 
is two gene deletion from the same chromosome, Hb-H syndrome is a three-gene 
deletion while hydrops feotalis with the Hb-Barts is a four-gene deletion. The hae-
moglobin being a tetrametric protein of 4 globin gene α2β2, it has been observed that 
deletion of only one α gene will not result in a significant haematological abnormality 
and is therefore referred to as a “silent carrier” state. On the other hand, deletions of 
two α-genes can occur in two ways i.e. from the same chromosome (in cis) or of the 
opposite chromosome (in trans). The two α gene deletion is the homozygous state or 
homozygous α+-thalassaemia and has similar clinical presentations as mild hyper-
chromasia and microcytic anaemia but the cis-genotype is common amongst Asians 
while the trans-form is common in Black African origins [16].

The Hb-H disease is usually associated with haemolysis due to the excessive 
accumulation of β-globin subunits that self-bond to form soluble β-chain tetramers 
which are the Hb-H. Because of the relatively unstable nature of the Hb-H, it does not 
precipitate as the erythrocytes age leading to the formation of inclusion bodies which 
distorts the red cells’ life span [17].

Hydrop’s foetalis with Hb-Barts is usually detected at the third trimester or within 
the early post-natal period. Haemoglobin Barts is not an effective oxygen transporter 
because it has a very high affinity for oxygen. It is a tetramer of 4γ globin subunits so 
the foetus or infant will lack Hb F&A, resulting in hypoxia and extreme organ swell-
ing and subsequent deaths [17].

The β-Thalassaemias: The Hb variant resulting from the point-mutation of the 
β-globin gene is known as the β-thalassaemias. This variant has two main sub-types, 
that is, the β0-thalassaemia in which there is complete absence of normal β-globin 
subunits. And the second is β+-thalassaemia which has remarkably reduced synthesis 
of normal β-globin. It was noted that some forms of β-thalassaemia might be due to 
an unequal crossing over of bridges of the δ & β-globin genes leading to a fusion of 
δβ-globin gene (thalassaemia), εγδβ-thalassaemia and hereditary persistence of foetal 
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haemoglobin (HPFH) syndromes [18]. It has been reported that β-thalassaemia has 
over 200 molecular different subtypes but in spite of their heterogeneity; they still 
possess similar clinical manifestations since they all lack HbA with excess accumula-
tion of α-subunits [19].

1.4 Newborn screening methods for thalassaemias

In the recent past, most newborn screening programmes uses high-performance 
liquid chromatography (HPLC) as the primary screening method to make a presump-
tive screening of possible haemoglobinopathy [20]. However, for low-income nations, 
a simple alkaline or acid globin chain electrophoresis with DL-dithiothreitol (DL-DTT) 
and urea in Tris EDTA-borate buffer can suffice for the detection of abnormal haemo-
globins [21]. Also, manual HbF quantification and inclusion body detection can serve 
as a good NBS source for low-income states. All suspected abnormal Hbs or neonates 
can then be subjected to fully automated, high throughput HPLC for identification, 
and quantitation of Hb F, HbA2 and Hb Bart’s, enabling thalassaemic screening and 
classification in the newborn period [20]. According to literatures, an understanding 
of the specific HPLC retention times will aid the probable identification of thalassae-
mic disorders such as a Hb S/Hb A ratio >2.0 is highly suggestive of Hb S/β+ thalassae-
mia rather than Hb AS trait. Secondary or primary screening with HPLC can thus 
help to streamline the subsequent tests needed for the identification/confirmation of 
a thalassaemia syndrome in most cases [22].

Globin chain electrophoresis: This is used in the separation of α- and β-globin 
chains by adding 6 M urea and 2-mercaptoethanol to the buffer. When electropho-
resis is applied at alkaline or acid pH, these chains migrate differently revealing the 
characteristic patterns of migration of abnormal α- and β-chains. This method pro-
vides a means of identifying abnormal haemoglobin variants that cannot be identified 
by routine electrophoretic methods. It is especially helpful when variants other than 
S and C are present and which have identical migration on both cellulose acetate and 
citrate agar systems [23].

Determination of distribution of HbF in red cells: This is employed to distin-
guish hereditary persistence of foetal haemoglobin (HPFH) from β thalassaemias. 
The acid elution test of Betke-Kleihauer is used to evaluate the distribution of HbF, 
where fresh thin-blood film fixed with ethanol is examined microscopically. The 
principle is that HbA on fixing readily wash off from red cells by acid solution while 
HbF resists acid-elution and remains within the cells. Cells containing more HbF 
appear dark after staining, while those with no HbF appear unstained and empty or 
ghost-like [24].

Tests for inclusion bodies: Inclusion bodies that can be detected in thalassaemias 
include HbH and α chain inclusion and they can be detected as follows:

a. HbH inclusions: These are detected when peripheral blood is incubated with 
methyl violet in splenectomised patients. They are also precipitated in mature or 
nucleated red cells as multiple, small, ragged inclusions due to the redox action 
of dyes such as brilliant cresyl blue. HbH inclusions are usually seen in Hb Bart’s 
hydrops foetalis syndrome, HbH disease, and α-thalassaemia carrier states [23].

b. α chain inclusions: In homozygous β-thalassaemia, α chain inclusions are seen 
only in nucleated red cells in bone marrow, or in peripheral blood after splenec-
tomy. α chain inclusions appear as single, ragged structures closely attached to 
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the nucleus when peripheral blood or bone marrow sample is incubated with 
methyl violet, and the prepared films observed under microscope [23].

High-performance liquid chromatography: This is used as a screening test for 
thalassemias and for the detection, identification and quantification of haemoglobin 
variants. It is also used for the quantitation of HbA2 and HbF. HPLC is well suited for 
neonatal screening since it can detect small amounts of haemoglobin and needs small 
amount of blood. Haemoglobins A, F, S, C, E/A2, DPunjab, O-Arab and DPhiladelphia can be 
separated and identified with HPLC. In this technique, blood sample is introduced 
into a column packed with silica gel. Different haemoglobins get adsorbed onto the 
resin. Elution of different haemoglobins is achieved by changing the pH and ionic 
strength of the buffer. Haemoglobin fractions are detected as they pass through a 
detector and are recorded by a computer [25].

1.5 Confirmatory diagnostic testing for the thalassaemias

Demographic information and an EDTA/DBS blood sample from one or both 
 parents are required with that of the newborn to help guide the sequence of con-
firmatory diagnostic tests for specific thalassaemias. Methods of gene-typing for 
thalassemia based on PCR techniques are as follows: dot-blot analysis, reverse dot-blot 
analysis, the amplification refractory mutation system, denaturing gradient gel elec-
trophoresis, mutagenically separated polymerase chain reaction, gap-PCR, restriction 
endonuclease analysis, real-time polymerase chain reaction, Sanger sequencing, pyro-
sequencing, multiplex ligation-dependent probe amplification and gene array [26–29] 
Gap-PCR is used to test for common α-thalassaemia deletions or duplications, as well 
as all forms of HPFH and Hb Lepore deletions. will identify point mutations in the 
γ-, α- and β-globin genes are usually captured in direct DNA sequencing but muta-
tions within the alleles as well as large deletions are often missed out. Large β-globin 
locus deletions account for only a very small number of β-thalassaemia mutations but 
are the most difficult to detect because gap-PCR relies on knowledge of the deletion 
breakpoints. Multiplex ligation-dependent amplification (MLPA) becomes a handy 
method to determine the presence of an unidentified α- or β-globin gene deletion, by 
assessing DNA ploidy quantity changes [30]. Long-range sequencing using com-
parative genomic hybridisation (CGH) or microarray-based comparative genomic 
hybridisation (matrix CGH) method to identify deletion breakpoints and DNA copy 
numbers with high resolution is employed for beta thalassaemia confirmation [31]. 
This is a molecular cytogenetic method for analysing “copy number variation” which 
is related to the number of complete sets of chromosomes in a cell and hence the 
number of possible alleles for autosomal and pseudo-autosomal genes [32]. These 
novel methods are summarised in Table 3.

The method employed for the detection of unknown mutations is the restriction 
fragment length polymorphism (RFLP) analysis. This method is based on the fact 
that each restriction enzyme targets different nucleotide sequences in a DNA strand 
hence different enzyme cuts at different sites. The distance between the cleavage 
sites of a certain restriction endonucleotide differs between individuals. Hence, the 
length of the DNA fragments produced by a restriction endonuclease will certainly 
differ from organisms and species [33]. The variations that affect restriction sites 
and produce different fragmentation sizes after digestion are known as restriction 
fragment length polymorphisms (RFLPs). This polymorphism serves as ‘markers’ for 
genetic disorders, especially thalassemias. If the linkage is not close then the crossing 
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over of chromosomal material between homologous chromosomes during meiosis 
may ‘separate’ the polymorphic site from the abnormal gene; this will lead to a false 
negative result in the foetus [23].

2. Next-generation sequencing (NGS)

Recently, however, the introduction of technologies such as dosage mutation 
tests to detect large deletion or duplication mutations and multiple gene panel tests 
by massively parallel sequencing (next-generation sequencing; NGS) facilitates a 
more precise molecular diagnosis of thalassaemias and a better understanding of the 
genomic mechanisms of the disease [34].

In next generation sequencing (NGS), the diagnosis of thalassaemias is based on 
massively parallel sequencing of clonally amplified DNA molecules, alongside suf-
ficient computational power and appropriate software for efficient data analysis [35]. 
The procedure can be applied to a whole genome or exome, and to specific targeted 
regions of the genome. The most critical step in NGS manipulation is the design of 
the probe-set to be applied for DNA capture which requires a high level of homology 
between the genes in the alpha and beta clusters. Another critical point for NGS is 
that it is useful for the detection of single nucleotide substitutions and insertions or 
small deletions, but it is less accurate for other types of genomic variation.

3. Conclusion

Newborn screening is a system of identification, treatment, management, and 
possibly eradication of genetic disorders from the neonatal stage of life. The pro-
cedure begins at the recruiting site or stage through the diagnosis of the infant and 
management. It is generally applied for the early recognition of infants affected by 
disorders that benefit from early treatment to avoid irreversible health problems. 
It is supreme for early diagnosis and enrolment of affected children into a compre-
hensive health care programme thus; thousands of children with genetic and/or 
metabolic diseases have had an opportunity for a healthy life with early diagnosis and 

Disorder and mutation type Diagnostic method

α0-Thalassaemia Gap-PCR, MLPA

α+-Thalassaemia:
deletion
nondeletion

Gap-PCR, MLPA
ASO, RE, DGGE, Sanger sequencing

β-Thalassaemia:
deletion
non-deletion

Gap-PCR, MLPA
ASO, RDB, ARMS, RE-PCR, Sanger sequencing

δβ-Thalassaemia Gap-PCR, MLPA

HPFH deletion Gap-PCR, MLPA
ASO, ARMS, RE-PCR, Sanger sequencing

The main diagnostic approaches commonly used for the diagnosis or confirmation of thalassaemias [28].

Table 3. 
The novel methods of DNA diagnosis for thalassaemia.
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treatment. Thalassaemia syndrome has a high financial and national health burden, 
national policies and intervention are needed for its success. Each nation should 
adopt newborn screening and diagnostic/confirmatory methods for thalassaemia 
syndromes within their financial or economical capacity, maintaining standards. 
Communication, documentation and follow-up is the key to the success of newborn 
screening for thalassaemia syndromes.
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Chapter 4

The Key Genetic Determinants
Behind the Phenotypic
Heterogeneity of HbE/β-thalassemia
Patients and the Probable
Management Strategy
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Abstract

HbE/β-thalassemia is the most common severe form of thalassemia which is very
prominent in South East Asian countries. It is responsible for nearly one-half of all the
severe types of β-thalassemia all over the world. It is also known to represent a wide
range of phenotypic diversity which varies from asymptomatic to transfusion-
dependent severe phenotype. The most important predictive factor is mutations
within the beta-globin gene (HBB). Apart from the primary genetic modifiers, there
are certain other determinants regulating the phenotypic heterogeneity including,
co-inheritance of alpha thalassemia mutations and other secondary modifiers includ-
ing Xmn1 polymorphism, HBS1L-MYB, GATA-1, BCL11A polymorphism, and pres-
ence of HPFH mutations. Although the degree of severity is also determined by other
tertiary genetic modifiers like increase in serum erythropoietin due to anemia, previ-
ous infection with malaria, environmental factors, splenectomy, etc. This review
aimed to reveal the potential genetic predictors of HbE/β-thalassemia patients and the
probable management strategy. This also enhances the generation of “personalized
medicine” for better patient care. The instability of clinical phenotype and remarkable
variation indicate careful monitoring of treatment for each patient and the therapeutic
approaches should be monitored over time.

Keywords: HbE/β-thalassemia, genotype, phenotype, genetic modifiers,
management strategy

1. Introduction

Thalassemia is a group of congenital anemias which are characterized by
deficient synthesis of one or more globin chain of normal hemoglobin molecules. It is
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primarily caused due to defective synthesis of globin chain production [1].
It is the most prevalent recessive monogenic disorder and it occurs in about
4.4/10,000 live births all over the world [2]. In European Union, annually 1/10,000
people are symptomatic whereas the global incidence rate is 1/100,000 [3]. It
has been found that every year approximately 300,000 and 400,000 babies are
born with hemoglobin disorders and most of them are reported from low-income
countries [4]. India is now known to possess the largest number of thalassemia
major children (150,000) [5]. It has been estimated that approximately
10,000–15,000 new cases are added every year in this country. Moreover, there
are 42 million β-thalassemia carriers reported with an average prevalence rate
of 3–4% [6].

Hemoglobinopathies are broadly classified into two main groups: thalassemia syn-
drome and structural hemoglobin variants (abnormal hemoglobins). According to the
quantitative reduction in the production of globin chain, thalassemia can be
categorised into: 1) thalassemia major (the absence of globin synthesis); 2) thalasse-
mia intermedia (reduced synthesis of globin chain); 3) thalassemia minor (silent type)
[7]. The main types of thalassemia include α, β, and δβ thalassemias whereas the
clinically important hemoglobin variants include HbS, HbC, HbE, and HbD. So
far, >800 different types of mutations and structural variants in the Human beta
globin (HBB) gene have been well characterized using the existing genomic protocol.
Out of which more than 350 different mutations are known to be associated with
β-thalassemia [8, 9]. In the case of α-thalassemia, most of the mutations are deletion
type, whereas a wide spectrum of β-thalassemia mutations involved one or a limited
number of nucleotides situated within the β-globin gene or its immediate flanking
region. Beta-thalassemia has over 200 different point mutations that cause several
types of clinical variability due to varying levels of arrangements of compound
heterozygous alleles [7, 10]. The structural hemoglobin variants result from the
substitution of one or more amino acids in the globin chains of the hemoglobin
molecule. The prevalence rate of thalassemia is widely variable depending on the
ethnicity of a particular geographical domain. All over the world, HbE/beta-thalasse-
mia represents nearly 50% of all the cases affected from severe beta-thalassemia [11].
It is one of the commonest forms of hemoglobinopathies in many Asian countries
including India, Bangladesh, Laos, Indonesia, and Sri Lanka [12]. Moreover, in
Southern China, thousands of people are suffering from HbE/beta thalassemia where
its gene frequency is about 4% [13]. In certain parts of the world, the number has
increased up to 70% like in Thailand and Cambodia [14]. HbE and HbE/β-thalassemia
are prominently found in the north-eastern parts of India [15, 16]. The incidence of
HbE and beta thalassemia carrier rate is 4.4% and 3.9% correspondingly in this
country [17].

HbE/β-thalassemia is formed due to differential interaction between
β-thalassemia mutant allele and HbE allele. In many cases, there is interface
between α-thalassemia allele with HbE which results in a complex series of pheno-
types, although the clinical severity is comparatively milder [18]. It is not always
possible to predict the appropriate phenotype from the genotype and it needs ade-
quate genetic counseling. The objective of the present study is to describe the wide
range of clinical spectrum of HbE/β-thalassemia and the probable primary and sec-
ondary genetic modifiers which influence the variable phenotype. At the same time,
the probable management strategy and future therapeutic approach of thalassemia
have been focussed.
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2. Pathophysiology

HbE is a hemoglobin variant which appears mildly unstable and shows increased
sensitivity to oxidants. The blood oxygen dissociation curves of patients with homo-
zygous HbE appear to be normal or very slightly right-shifted. HbE is synthesized at a
mildly reduced rate and globin chain imbalance. It is formed due to substitution
mutation at codon 26 of the β-globin gene (GAG>AAG) which leads to the substitute
of lysine for glutamic acid. This mutation activates the cryptic splice site toward the 30

end of exon 1, which causes abnormal messenger RNA processing [19]. Therefore, the
normally spliced βE messenger RNA is declined as the normal donor site must com-
plete with the newly formed spliced site (Figure 1).

In the case of HbE patients, hemoglobin constitutes about 25–30% of the total
hemoglobin and the level widely varies between 3 and 11 g/dl. The HbE patients with
β + thalassemia mutations are characterized by low levels of HbA% and elevated
HbE%. The blood smear reveals hypochromic, microcytic red cells with considerable
morphologically altered blood cells with increased numbers of target cells. HbE (EE)
homozygous red blood cells are not very flexible while moving through the blood
vessels. These blood cells have a smaller outside surface area to carry oxygen. EE red
blood cells have a reduced capacity to hold oxygen. The lifespan of these RBCs is also
shorter than that of the normal. They appear mildly anemic and their hematological
findings are very similar to that of heterozygous β-thalassemia [20].

3. The interactions of hemoglobin E with different forms of thalassemia

The interaction of HbE with other types of hemoglobinopathies can be complex
and puzzling. Due to a lack of proper diagnosis and genetic counseling, the chance
of different types of hemoglobinopathies can be enhanced [21]. HbE alone cannot lead
to any significant clinical complications, although the co-association with α and
β-thalassemia leads to a diverse range of clinical syndromes of varying severity.

Figure 1.
Simplified schematic representation of abnormal splicing of βE-globin mRNA. The black box denotes 16
nucleotides at the 30-end of exon-1 deleted by abnormal splicing mechanism.
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In Thailand and different South East Asian countries, the association between HbE
and α-thalassemia (�α/αα) causes a various range of phenotypic diversity. Clinical
parameters exhibit that level of HbE is almost similar in the case of HbE heterozygous
and compound heterozygous for α+ � thalassemia (�α/αα), whereas the co-
association of α0-thalassemia (�α/��) have mild thalassemia like syndrome with
HbE ranges between 19 and 21%. In certain extreme cases where HbE is associated
with HbH disease (��/�α) which is characterized by 13–15% of HbE and it is called
HbAE Bart’s Disease [22]. On other hand, the compound heterozygote condition for
HbE and β-thalassemia leads to the formation of HbE/β-thalassemia which exhibits a
remarkably heterogenous range of phenotypic variability. The phenotypic variability
may be influenced by the inheritance of α0 and α+ mutant alleles [23]. Heterogenous
types of HbE syndromes are also observed due to interaction with other hemoglobin-
opathies. The symptomatic and asymptomatic forms of HbE syndrome are summa-
rized in Table 1. The blood smears of different types of HbE-thalassemia and its co-
association with other types of hemoglobinopathies have been depicted in Figure 2.

4. Phenotypic heterogeneity of HbE/β-thalassemia

The clinical heterogeneity of HbE/β-thalassemia is not well understood. The condi-
tion may present as mild, asymptomatic anemia or life-threatening disorder that may
lead to lethality from anemia in the first years of life. The phenotype of HbE/β-thalas-
semia seems to be unstable. Scanty reports have been found on the clinical heterogene-
ity of these patients. At one end of the spectrum, there are patients whose clinical
severity is alike to that of β-thalassemia major; whereas at another end there are patients
who can lead a normal life without the need for regular blood transfusions.

At the time of birth, infants with severe HbE/β-thalassemia patients are asymp-
tomatic as the HbF level becomes high. As the production of HbF becomes low with
increasing age and is replaced by HbE, gradually anemia and splenomegaly develop
during the first decade of life [18]. Moreover, deficient blood transfusion can lead to

Phenotype Genotype Anaemia

Asymptomatic

HbE heterozygote βN/βE No

HbE heterozygote and α+-thalassemia heterozygote βN/βE and αα/α+-thal No

HbE heterozygote and α0-thalassemia heterozygote βN/βE and αα/α0-thala No

HbE homozygote βE/βE No

HbE homozygote and α-thalassemia heterozygote βE/βE and αα/ α+-thal No

HbE/HbC βE/βC No

Symptomatic

HbE homozygote and Hb CS homozygote βE/βE and Hb CS/ Hb CS Mild

HbE/β0-thalassemia β0/βE Moderate to severe

HbE/β+-thalassemia βE/ β+ Mild

N: normal; CS: constant spring; thal: thalassaemia.

Table 1.
Common HbE syndrome and their respective genotype.
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anemia, jaundice, hepatomegaly, and growth retardation. Sometimes chronic leg ulcer
is also associated with delayed sexual development. Decreased oxygen delivery leads
to ineffective erythropoiesis which is like β-thalassemia major. Patients with milder
forms of HbE/β-thalassemia tend to grow normally and are generally active. Usually,
there is a delayed pubertal growth pattern and under-developed secondary sexual
characteristics. Although it is still not distinct whether they further develop compli-
cations in the near future. Gradual iron absorption may develop endocrine complica-
tions like diabetes. The clinical symptoms of HbE/β-thalassemia has been depicted in
Figure 3.

Figure 2.
The peripheral blood film in the (A) homozygous state for hemoglobin E shows large numbers of target cells, (B)
HbH disease indicating tear drop cells and anisopoikilocytes, (C) HbE/β-thalassemia contains numerous
fragmented RBC, hypochromic RBC, and target cells, (D) HbSE disease having sickle-shaped RBC in blood smear.

Figure 3.
Clinical heterogeneity of HbE/β-thalassemia patients.
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4.1 Asymptomatic forms

HbE trait: Individuals with the HbE trait are clinically normal with minimal
changes in blood count and erythrocyte indices. Haemoglobin electrophoresis reveals
the presence of HbE is approximately 28.5 � 1.5%. Likewise, the hemolysate in
compound heterozygotes for HbE and α + �thalassemia contains 25–30%. Due to the
coinheritance of α0-thalassemia, HbE levels are reduced up to 19–21% and in the case
of HbAE Bart’s disease syndrome, there is a markedly reduction in HbE (13–15%). On
the other hand, the interaction of β-thalassemia can cause the elevation of HbE
(>39%). Iron deficiency also causes lower amounts of HbE andMCV, MCH in the case
of HbE trait [24].

Homozygous HbE: The clinical symptoms of HbE homozygous appear as normal
individuals except few clinical conditions like jaundice and hepatosplenomegaly;
although the reticulocyte count and hemoglobin level appear as normal (>10 g/dl).
The hematological profile reveals nearly 85–95% of HbE and about 20–80% target
cells with reduced osmotic fragility. In these patients, HbE/A2 level is high (10–90%)
with lower HbA and HbF levels [25]. The interaction of HbE with different types of
hemoglobinopathies has been depicted in Figure 4 where chromatograms of high
performance liquid chromatography have been described.

4.2 Symptomatic forms

The co-inheritance of the HbE and β0-thalassemia trait can lead to transfusion-
dependent form of thalassemia major. Likewise, the co-association between HbE
homozygote and Hb CS causes mild anemic condition. In contrast, the association
between HbE and β0 mutant allele can cause moderate to severe thalassemia. The
coinheritance of HbE homozygotes with HbH disease (αo-Thal/α + �thal and βE/βE)

Figure 4.
Chromatograms of HPLC showing interactions of HbE with different hemoglobinopathies (A) HbE homozygous,
(B) HbE/β-thalassemia, (C) Hb Lapore, (D) HbAE Bart, (E) HbE-CS, (F) HbSE.
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and HbH-CS (αo-Thal/Hb CS and βE/βE) lead to form moderate to severe anemia.
Severe anemia may also form due to the presence of HbE/β-thalassemia along
with HbH disease (αo-Thal/α+-thal & βo/βE) or HbH-CS disease (αo-Thal/Hb CS
and βo/βE) [26].

The different forms of symptomatic and asymptomatic forms of HbE disease have
been enlisted in Table 2.

5. Genotype-phenotype interaction

The exact reason behind the phenotypic heterogeneity of HbE/β-thalassaemia is
not properly understood. For a proper understanding of the clinical severity there is a
need for a standardized, robust classification of disease severity; although a lack of

Types of HbE Clinical symptoms

HbEE • Hematological findings are similar to that of beta-thalassemia carrier
• Hypochromic microcytic red cells with target cells
• Reduced mean corpuscular volume (MCV) and mean corpuscular

hemoglobin (MCH)
• Normal mean corpuscular hemoglobin concentration (MCHC)
• Asymptomatic
• Enlarged spleen

HbEE and heterozygous
alpha-thalassemia

• Phenotype same as that of heterozygous alpha-thalassemia disease
• Mild hypochromic anemia
• A little elevated HbF levels

HbH (EF Bart disease) • Moderate anemia and elevated levels of HbF and Bart

HbE beta0-thalassemia • The most severe form of HbE syndrome
• More severe phenotype than HbE beta+-thalassemia
• Haemoglobin level is lower than in HbE disease
• Phenotype is similar to that of transfusion-dependent beta-thalassemia

major including ineffective erythropoiesis, chronic hemolytic anemia,
and iron overload

HbE beta+-thalassemia Clinical severity is less in comparison to HbE beta0-thalassemia

HbAE Bart Small amounts of Hb Bart are present, but hemolytic crises rare

HbEF Bart HbH is not present, possibly because beta-E chains do not form tetramers;
relatively mild form of thalassemia

HbE Constant Spring Co-inheritance of Hb Constant Spring ameliorates the disease phenotype

HbE Lepore Mild phenotype

HbE delta-beta-thalassemia Mild phenotype

HbSE • Mild anemia with microcytic red cells
• Sickling disorder, clinical phenotype like sickle beta+-thalassemia
• Vaso-occlusive episodes rare

HbE trait (HbAE) • Asymptomatic
• Minimal morphological abnormalities of red blood cells including

reduced MCV, reduced MCH, mild or no anemia
• Peripheral smear is characterized by hypochromia, microcytosis, target

cells, and irregularly contracted cells

Table 2.
Different types of HbE thalassemia and their clinical symptoms.
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suitable clinical severity scoring may impair deciphering of the proper clinical spec-
trum of HbE/β-thalassemia. According to the phenotypic heterogeneity, patients have
been classified into “severe,” “moderate,” and “mild.” There are considerable number
of patients who are transfusion-independent while others are regular transfusion-
dependent [27–29]. According to the severity of the disease, patients are classified into
five groups. Group 1 included those patients who need minimal transfusion require-
ments as well as normal growth and sexual maturity. Group 2 comprised patients with
similar types of quality of life to that of Group 1 except for transfusion history as these
patients usually experience longer history of transfusion. Group 3 includes patients
who have undergone splenectomy and have an advantageous response to splenec-
tomy. Group 4 comprises patients who are transfusion-dependent and their secondary
sexual characteristics and growth rate are not satisfactory. Likewise, Group 5 includes
patients who are unable to maintain their regular lifestyle without transfusion [29].

6. Genetic modifiers of HbE/β-thalassemia

The wide range of clinical phenotypes of HbE/β-thalassemia is believed to be
regulated through several genetic as well as environmental factors. There is an
emerging understanding of the interaction between genetic and environmental factors
which triggers the clinical progression and severity.

According to some previous findings, alterations in the HBB gene play a crucial
role in modulating phenotypic features of HbE/β-thalassemia. Although HBB muta-
tions are not only responsible for modulating phenotypic alterations by changing the
patterns of gene expression. Currently, genome-wide association study (GWAS) has
shown the linked genetic loci to predict phenotype diversity. The genetic modifiers
can be classified into the following three groups: the first one is the primary genetic
factors including the β-globin gene mutations which are responsible for the manifes-
tation of β-thalassemia; the second one includes loci involved in globin chain synthe-
sis; and the third one is the tertiary factors which are not involved directly in globin
chain synthesis but might modulate the disease severity [30].

6.1 Primary modifier

The primary modifier is one of the most important factors responsible for regulat-
ing the phenotype variability in β-thalassemia disorder. Such type of defects occurs in
the β-globin gene itself [31]. The mutant allele can reduce the synthesis of the β-globin
chain or lead to the complete absence of the β0-globin chain. The patients who inherit
a mild β-thalassemia allele with HbE might exhibit minor disease, whereas patients
who co-inherit severe β + or β0-thalassemia alleles might exhibit the severe form of
the disease [32]. In addition, the severity of β-mutation is an important parameter
for determining the clinical diversity of HbE/β-thalassemia. Most of the mutations
in the HBB gene are point mutation, deletion, or insertion type and situated in the
promoter, exon, intron, or at the junction between the intron-exon boundary, and
polyadenylation site. Defects in single base substitution in the coding sequence of
β-polypeptides will lead to premature stop codon whereas small insertion or deletion
may lead to alteration in the reading form of mRNA. Likewise, β + allele defects are
generally caused due to single base substitution which causes alteration of mRNA
reading frame. The list of mutations responsible for mild and silent types of
thalassemia is enlisted in Table 3.
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In the Indian population, five mutations are the most frequently found β-globin
gene including IVS 1-5 (G! C), IVS 1-1 (G! T), Codon 41/42 (� TCTT), Codon 8/9
(+G), and 619 bp deletion which account for over 90% of all the mutations associated
with β-thalassemia [33, 34], whereas in Malaysian population, IVS1-5(G > C), IVS1-1
(G > T) mutations and Chinese population, CD41/42 (-TCTT), CD71/72(+A), CD 17
(A-T) and � 28 (A-G) mutations are most commonly found. Among the non-sense
mutations CD43(G > T), CD35(C > A), CD15(A > G) mutations lead in formation of
nonfunctional mRNA, whereas CD8/9(+G), CD15(�T) are frame shift mutations.
Certain mutations cause alterations in RNA processing including splice junction
changes [CD27/28 + C, CD14/15 + G, CD 95 + A, CD41(-C), CD26 (G > T), IVS1-1
(G > T)]. There are certain deletion mutations including 619 bp del, 3.5 kb del, 45 kb
del, and 105 bp del. [35]. Mutation at nucleotide �28 in the ATA box of the β globin
gene, was reported earlier among the HbE/β-thalassemia patients [36]. The interac-
tion of two β + globin alleles which is IVS1-5(G > C) and � 28(A > G) resulting in the
mild phenotype The beta-thalassemia alleles in “trans”-condition to HbE do not seem
to have a significant role in regulating phenotypic variation of HbE/β-thalassemia and
there must be some other modifying factors. The position of different HBB mutations
is schematically represented in Figure 5. The co-inheritance of β0-allele with HbE
gives rise to widely variable clinical phenotype. Therefore, β-globin gene mutations
alone cannot determine the clinical severity.

Location of mutation Mild β+ Silent

Transcriptional mutants in the proximal CACC box �90 (C-T)
�88 (C-T)
�87 (C-A)
�87 (C-T)
�87 (C-A)
�86 (C-T)
�86 (C-G)

�101 (C-T)
�92 (C-T)

TATA box �31 (A-G)
�30 (T-A)
�29 (A-G)

50 UTR +22 (G-A)
+10 (�T)
+33 (C-G)

+1 (A-C)

Alternative splicing CD 19 (A-C), Malay
CD 24 (T-A)

CD 27 (G-T), Hb Knossos

Consensus splicing IVS 1-6 (T-C)

Intron IVS 2-844 (C-G)

30 UTR +6 (C-G)

Poly-A site AACAAA

AATGAA

Mild β°-frameshift CD 6 (�AA)

CD 8 (�AA)

Table 3.
List of HBB gene mutations responsible for mild β + and silent type thalassemia.
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6.2 Other modifying factors

6.2.1 α-thalassemia

HbE/β-thalassemia patients who co-inherit determinants for α-thalassemia may
have some unmatched α-globin chains leading to more balanced globin chain
synthesis and resulting in a milder phenotype. According to some previous studies,
HbE/β-thalassemia patients with α+-thalassemia allele demonstrate higher state of
hemoglobin in comparison to those who do not have α-thalassemia [37, 38]. One of the
studies done on Thai HbE patients revealed that the mean age of clinical presentation
was more than those patients who did not possess α-thalassemia mutations [39].
Another study done on Indian HbE/β-thalassemia patients presented that
coinheritance of the triplicated α-globin gene led to the formation of mild phenotype
and their transfusion requirement was also minimal [40]. Therefore, the
coinheritance of the alpha thalassemia gene appears as a major genetic factor regulat-
ing the clinical phenotype.

6.2.2 Determining factors for regulating increased HbF level

Xmn1 polymorphism: The presence of G to T substitution at �158 position 50 to
Gγ gene (Xmn1 polymorphism) is known to be associated with increased HbF pro-
duction. Earlier investigations showed that patients with the Xmn1 (+/+) genotype
were identified only in mildly affected patients; in contrast, patients having the Xmn1
(�/�) genotype exhibited severe phenotypes including early age of onset and more
transfusion dependency [41, 42]. Overall homozygosity for Xmn1 appeared as a
crucial genetic determinants for HbE/β-thalassemia; although some conflicting data
were presented.

Additional genetic factors: Recently, genome-wide association studies elucidate the
role of several additional genetic factors in regulating clinical variability. Numerous
single nucleotide polymorphisms (SNPs) in the BCL11A gene on chromosome 2p16.1
are known to increase the F-cell number [43]. An extensive genetic association study
revealed the presence of quantitative trait loci (QTL) on chromosomes 6q23, 8q, and
Xp22 may facilitate the amount of HbF production [44]. Apart from these loci, there
are certain other protein molecules including erythropoietin, β-protein 1, EKLF,
GATA-1, and NF-E2 which have significant role in regulating the HbF level. The
strongest correlation was observed in SNPs in the β-globin gene cluster (chr.11p15),

Figure 5.
The position of different HBB gene mutations within the promoter, 50 UTR, Exon 1, Intron 1, Exon 2, Intron 2,
and Exon 3 region which act as the primary genetic modifiers in HbE/β-thalassemia.
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rs2071348 of the HBBP1 and intergenic region between the HBS1L and MYB genes
(chr.6q23) which had important significant role in modulating the clinical heteroge-
neity.

α-hemoglobin stabilizing protein (AHSP) gene: The alpha hemoglobin stabilizing
protein (AHSP) is an erythroid-specific protein which has a potential role as a molec-
ular chaperone for binding with the free α-chains of hemoglobin molecule. AHSP
participated in the hemoglobin synthesis and reduced the cytotoxic effect of excessive
α-globin chain accumulation [45]. Since these proteins are essential for conforma-
tional change in many essential proteins required for erythropoiesis, it might have a
certain important role in Hb E/β-thalassaemia.

6.2.3 Bilirubin metabolism

The phenotype of HbE disease is also altered by the presence of chronic
hyperbilirubinemia, and gallstone formation. The increased level of bilirubin is asso-
ciated with the polymorphism of the promoter of the UDP-glucuronosyltransferase-1
(UGT1) gene [46]. The UGT1 gene polymorphism is also important in the genesis of
gall stone. Investigators found significantly higher bilirubin levels in HbE/β-thalasse-
mia patients [47].

6.2.4 Coinheritance of other hematologic disorders

Coinheritance of other hematologic aberrations may play important role in pheno-
typic alterations within the patients with HbE/β-thalassemia. The deficiency of
pyrimidine 5 nucleotidase 1 (P5N-I) is found to be resulting in hemolytic anemia while
co-associated with homozygous HbE [48]. Therefore, the inhibition of P5N-I activity
may lead to severe hemolysis related to HbE.

6.2.5 Variation in iron overload

Poor growth and delayed sexual maturation are the common complications
found in a majority of HbE/β-thalassemia and it may be resulted in chronic
anemia, iron overload, or a combination of these. Many patients with a
transfusion history have substantial iron overload and end-organ damage. Some of the
previous studies reported that mutations within the SLC40A1, hepcidin, and
hemojuvelin might play a crucial role in iron overload [49–51]. Although the complete
profile of iron overload among the HbE/β-thalassemia patients is not completely
understood.

7. Environmental influences on the phenotype of HbE/beta-thalassemia

There are scanty reports available on the environmental influence of HbE/beta-
thalassemia. In tropical regions and developing countries, there is a higher incidence
of malaria. It is one of the major health issues in many Asian countries and mostly the
transmission occurs through P. falciparum and P. vivax. A population-based study
among the HbE/β-thalassemia revealed the level of malarial antibody is significantly
high, especially among splenectomized patients rather than those with the
intact spleen. Overall, the quantity of malarial antibodies was quite higher in
HbE/β-thalassemia patients rather than control population [52]. Studies reported
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that the growth of malarial parasites was inhibited in HbE cells [53]. Children with
HbE/β-thalassemia are more prone to P. vivax due to the production of an increased
amount of young red cell population. P. vivax has high potentiality for invasion within
the young red blood cell [54]. Although, the biological pathways linking HbE thalas-
semia and malarial infection are not completely still understood and yet not investi-
gated so much. Further research is required to elucidate whether there is a positive
selection for HbE due to protection against malarial infection. The finding is very
important for the treatment purpose of malaria, especially in developing countries like
India and other South-East Asian countries where HbE/β-thalassemia is very common.
Patients with HbE/β-thalassemia should be provided with prophylaxis against com-
mon forms of malaria.

7.1 Treatment strategy

The time of diagnosis, physical examination, and clinical history may give proper
information for providing potentially effective treatment strategies. The proper his-
tory of appetite, weight gain, energy level, irritability, different major and minor
infections, and daily functioning details may help in defining the proper clinical status
of a child with thalassemia. Moreover, the genotype of the patients, the presence of α-
thalassemia, and polymorphism associated with increased HbF production should also
be investigated intermittently. Among the pathological features, Hb concentration,
and platelet count should be determined in each visit. Serum EPO level, ferritin, or
transferrin saturation should also be considered in the regular interval [55]. In the case
of HbE/β-thalassemia patients, there is a significant decrease in the oxygen affinity of
hemoglobin in comparison to other types of β-thalassemia diseases which indicates
that HbE thalassemia might adapt better to anemia; therefore, proper treatment
guidelines should be followed which depends on the clinical severity score of the
patient.

7.2 Transfusions

Patients with severe forms of HbE need lifelong RBC transfusions, iron chelation
therapy, and management of complications. In contrast, patients with milder forms
of disease severity only require occasional blood transfusions. The pre-transfusion
hemoglobin concentration of 9–10 g/dl is recommended as this is required for
preventing ineffective erythropoiesis. The hemoglobin threshold for determining
the increased frequency of disease complications was 7–8 g/dl [56]. The optimal
quantity of hemoglobin should be maintained with accessibility to iron chelation
therapy. Some patients may need regular transfusion as it is essential to identify
phenotypic heterogeneity between “mild” and “severe” within a narrow range of
stable stage hemoglobin values [27, 28]. Generally, transfusion-dependent patients
should be monitored carefully especially their quality of life, spleen size, signs, and
symptoms of anemia. Sometimes, many HbE/β-thalassemia children suffer from
different complications due to unnecessary administration of regular transfusion
therapy for several years.

7.3 Splenectomy

One of the treatment strategies for transfusion-dependent thalassemia patients is
splenectomy which is believed to ameliorate red blood cell transfusion. Although not
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all patients respond equally to splenectomy. Moreover, splenectomy might facilitate
many unfavorable consequences like postoperative infections and thromboembolic
events [57]. In recent years, the use of splenectomy is characteristically reduced due to
an adequate amount of blood transfusion. When the annual blood transfusion volume
exceeds 225–250 ml/kg, splenectomy is prescribed among patients with increased
demand for transfusion, hypersplenism, or splenomegaly due to severe hemolysis
[58]. Splenectomy might have some benefits in HbE/β-thalassemia patients. Although
it is not clear that morbidity and mortality due to infection after splenectomy are
higher in all groups of patients.

7.4 Iron chelation therapy

Regular transfusion-dependent patients require iron chelation therapy. Even in the
absence of transfusions, chelation therapy may be required in some patients with HbE
thalassemia because of excess intestinal iron absorption. In the case of regular blood
transfusion, each RBC contains 200 mg of iron which leads to nearly 0.3–0.6 mg/kg per
day iron accumulation. Iron chelators are classified into three classes: Deferasirox
(DFX), Deferiprone (DFP), and Deferoxamine (DFO) [59]. DFX (Exjade) is
recommended as an iron chelator after 2005 for transfusion overloaded [60, 61]. It is
found to be effective both in the case of offspring and grownups. Generally, 20–30 mg/
kg daily dose is recommended; although in certain cases, the dose is recommended to
enhance up to 40 mg/kg daily. DFP is generally absorbed by the gastrointestinal tract
and the half-life period of DFP is 1.5–4 hours in plasma. The dose is recommended as
75 mg/kg daily. This dose might be elevated to 100 mg/kg daily [62]. It has efficiency
for improving cardiac function by removing iron from cardiac muscle [63].
Deferoxamine (DFO) enters the parenchymal cells of the liver where it chelates the iron
as the iron chelator DFO in plasma and bile. The dose and duration of administration
differ from patient to patient and depend on how much amount of iron is accumulated
after transfusion [64]. Chelation therapy is generally initiated after 20–25 RBC units are
transfused between 2 and 4 years of age [65].

Patients should be prescribed iron chelation treatment according to proper
guidelines. Quantitative assessment of iron is now recommended among patients
before starting chelation therapy [37]. In patients who fail to respond sufficiently to
a single iron-chelating drug, the dose can be augmented for betterment [66, 67]. The
low molecular weight orally absorbed DFP and DFX quickly access intracellular iron
in cytosol and organelles whereas larger DFO molecule contacts with these intracel-
lular iron pools relatively slowly; although it interacts more effectively with lyso-
somal ferritin iron [68].

7.5 Bone marrow transplantation (BMT)

The bone marrow transplantation is regarded as the main conclusive treatment
approach for thalassemia patients [69]. The most effective transplantation was com-
pleted in the 1980s. The thalassemia-free survival rate is 70% in very young individ-
uals after satisfactory BMT whereas the rejection rate is 23%, and the mortality rate is
7% [70]. In this therapy, hematopoietic stem cells (HSC) from the bone marrow of
healthy individuals are collected and transmitted to thalassemia patients [71].
Although BMT has a few disadvantages like human leukocyte antigen-matched com-
patible donor is required for the successful attempt. Graft versus host disease (GVHD)
is the most clinically important problem associated with bone marrow transplantation
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which may lead to lethality [72]. In low socioeconomic developing countries, treat-
ment through BMT is still not accessible for all patients and the accessible treatment
includes chelation therapy and transfusion of packed red cells.

7.6 Gene therapy

Gene transfer therapy helps in introducing genetic materials into the cells. If the
altered gene leads to forming the necessary protein being defective, gene transfer
therapy can bring about a normal copy of the gene to regain the proper function of the
targeted protein. In gene therapy initially, a hematopoietic stem and progenitor cells
(HSPCs) of patients are harvested from the peripheral blood, bone marrow, and
umbilical cord blood. Through a lentiviral vector, normal β or γ-gene is transferred
into the genome of host cells. Hemoglobin genome is transferred into pluripotent
hematopoietic cells and is also performed carefully in humans [73]. The cells that
contain expected genes are again implanted into patients where they multiply and
proliferate in the bone marrow.

Induced pluripotent stem cells (iPSCs) are also used in future gene therapies.
Recently, iPSCs are used as in vitro models to reveal the pathophysiological mecha-
nisms of human diseases. In this technique, somatic cells are first isolated from the
patients and then remodeled into a pluripotent form [74]. Induced pluripotent stem
cells (iPSCs) are susceptible to acchieve alterations in the gene. Then after, these cells
are distinguished into hematopoietic stem and progenitor cells and then transferred
back into the individuals.

Gene editing is another approach to future gene therapy. According to this
method, human DNA can be cut at specific nucleases, like CRISPR/Cas9 and zinc-
finger nucleases [75]. They can either enhance the production of HbF, by reorienting
the mutations seen in the hereditary persistence of fetal hemoglobin or act specifically
on the erythroid enhancer region that regulates the switch from the γ-globin gene to β-
globin gene. Recently, gene editing was done by treating with CRISPR/Cas9 gene-
editing method in a thalassemia patient with β0/IVS-1-110 genotype. By editing
BCL11A gene (chromosome 2) the HbF level was elevated and the patient was trans-
fusion-independent at 12-months follow-up [76].

8. Induction of fetal hemoglobin production

Various drugs are used to induce the production of HbF including Hydroxyurea
(HU). It is used for the treatment of sickle cell anemia as well as thalassemia. HU
enhances the production of gamma-globin gene and improves the hematological pro-
file of thalassemia patients. It increases the expression of fetal hemoglobin by regulat-
ing the expression of GATA-2 (fetal hemoglobin regulating gene) which is related to
the cell cycle and apoptosis. It may also facilitate the propagation of progenitor cells
and enhance the quantity of erythropoietin [77]. At the same time, 5-azacytidine and
butyrate analogs have also been used most frequently to elevate the HbF level [78, 79].

Several HbF inducers inhibit the histone deacetylase (HDAC) activity [80] and can
stimulate the HbF level without disturbing the growth and proliferation of other cells.
The combined use of HbF inducers may improve the result. Presently, different
oligonucleotide (ODN)-based approaches might help design specific treatment strat-
egies for different types of β-thalassemia [81].
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9. Molecular therapy for HbE/β-thalassemia

The severity of β-thalassemia, as well as HbE/β-thalassemia, can be reduced by
regulating the amount of free α-globin chain synthesis by the coinheritance of α-
thalassemia which may reduce the disease severity. The upregulation of AHSP protein
or synthesis of such type of similar agent can limit the formation of α inclusion bodies
and ineffective erythropoiesis [45].

Moreover, there are some additional prognostic indicators including Xmn1 poly-
morphism, co-existence of Alpha globin gene mutations, and age of onset [82]. Eth-
nicity and environment are also significant parameters for the analysis of genotype
and phenotype correlation. Genetic modifiers that enhance the secondary complica-
tions resulting from severe anemia or excessive iron overload due to frequent trans-
fusion are also considered for determining the disease’s severity and progression [83].
Therapeutic antisense m RNA is used for correcting aberrent RNA splicing. The use of
morpholino oligonucleotides has the ability for high level correction of transcribed
mutant β-globin m RNA. These oligonucleotides have been shown to correct the
aberrant splice site in a HeLa cell line bearing βE/IVS1–6 mutations. The repaired βE-
mRNA was stable and translated into mature βE globin polypeptide [84]. Another
approach for molecular therapy of HbE/β -thalassemia in the Ubiquitin-dependent α-
chain proteolysis. The excess α-globin chains in β -thalassemia and HbE/β -thalassemia
erythrocytes are degraded by ATP and ubiquitin-dependent mechanisms. The cyto-
solic α-chain precipitation and subsequent cellular damage and haemolysis may be
reduced due to efficient proteolysis. Previous experiments demonstrated that radio-
labelled α-chains in hemolysates obtained from β-thalassaemia patients were degraded
in increased level due to hydrolysis through Ubiquitin aldehyde [85]. Role of antioxi-
dants in cellular damage several studies have demonstrated that reactive oxygen spe-
cies (ROS) play a crucial role in the pathophysiology of thalassemia. Thalassemia
patients have very high level of malonyldialdehyde, a biproduct of lipid peroxidation.
Transfusion-dependent HbE/β-thalassemia patients have very high level of serum
iron and correlates positively with levels of malonyldialdehyde [86]. Treatment with
Vitamin C and E is well known to improve the oxidative profile of thalassemia
patients [87].

The phenotype heterogeneity of HbE/β-thalassemia causes difficulty in the
proper management and classification of the disease. Although some of the genetic
factors have been recognized as possible modifiers, the wide range of phenotypic
alterations cannot be well understood and it requires thorough investigation from
early childhood before substantial medical intervention [88, 89]. With the advance-
ment of molecular technologies, the association studies between genetic polymor-
phism and thalassemia may help explore potential clinical applications by providing
possible risk markers and therapeutic targets. The development of personalized
medicine is the main objective and genetic counseling should be included in provid-
ing patient care programs in the proper management of HbE/β thalassemia patients
in the future.
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Chapter 5

Interaction of Thalassemia and 
Hb Variants in Southeast Asia: 
Genotype-Phenotype Relationship
Manit Nuinoon

Abstract

Thalassemia and hemoglobinopathies are characterized by globin gene muta-
tions affecting the production of quantitative and structural defects of the globin 
chain. α-Thalassemia, β-thalassemia, hemoglobin E (Hb E), and hemoglobin 
Constant Spring (Hb CS) are very common in Southeast Asian countries. Complex 
interactions of thalassemia and Hb variants are also common and affect the thal-
assemia diagnosis with several techniques including Hb typing and DNA analysis. 
A family study (family pedigree) is required in the proband with a complex inter-
action of several globin gene defects with rare types. Homozygous β-thalassemia, 
Hb E/β-thalassemia, and Hb Bart’s hydrops fetalis are severe thalassemia and 
these diseases have been concerned and included in the prevention and control 
program in several countries. Understanding the genotype-phenotype could help 
with the proper laboratory tests, genetic counseling, and effective treatment for 
the patients.

Keywords: thalassemia, Hb variants, southeast Asian countries, thalassemia 
interaction, genotype-phenotype, DNA analysis

1. Introduction

Southeast Asia (SEA) is composed of 11 countries such as Burma (Myanmar), 
Laos, Thailand, Cambodia, Vietnam, Malaysia, Singapore, Brunei, Indonesia, the 
Philippines, and Timor-Leste (Figure 1). As of 2021, around 676 million people 
live in the region [1]. The ethnic origins of people living in SEA countries are very 
heterogeneous according to religion, culture, and history. This chapter focused on 
the genotype-phenotype relationship between thalassemia and hemoglobinopathies 
in the Southeast Asian population. Both common and rare types of thalassemia and 
Hb variant are demonstrated in homozygous, double heterozygous, and compound 
heterozygous states for clinical and red blood cell phenotypes.
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2.  Globin gene cluster, functional globin genes, and normal adult 
hemoglobin

In humans, two globin gene clusters are responsible for hemoglobin synthesis in 
all developmental stages, including embryonic, fetal, and adult stages (Figure 2). 
The α-like gene cluster contains three functional genes, including the ζ2, α2, and 
α1 globin genes in chromosome 16 (16p13.3), and encoded to form the ζ- and α-globin 
chains which consist of 141 amino acids. In addition, the β -like gene cluster contains 
5 functional genes including the ε, Gγ, Aγ, δ, and β-globin genes, in chromosome 11 
(11p15.5), and encoded to form the ε, γ, δ, and β-globin chains which consist of 146 
amino acids. During normal humans, each globin gene from 2 globin gene clusters 
is activated and expressed according to the specific developmental stage such as the 
embryonic stage (Hb Portland, Hb Gower I, and Hb Gower II), fetal stage (Hb F or 
fetal hemoglobin), and adult stage (Hb A and Hb A2) [3, 4].

Hemoglobin (Hb), an iron-containing protein in erythrocytes (red blood cells), is 
responsible for transporting oxygen (O2) from the lungs to tissues and to transporting 
carbon dioxide (CO2) from tissues. In adult life, Hb A (α2β2), or adult hemoglobin 
is the major component of normal adult hemoglobin (more than 95% of the total 
hemoglobin). Hb A2 (α2δ2) is the second component about less than 3.5% in normal 
adults. Hb F (α2γ2) or fetal hemoglobin with 1–2% is found in normal individuals [5]. 

Figure 1. 
The map of southeast Asian countries [2].

Figure 2. 
Schematic representation of the globin gene cluster.
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According to Hb A (α2β2) is the major component of total hemoglobin and contributes 
to gas transport in the human body. In the adult stage, α and β-globin genes are the 
two most important for globin chain synthesis and build up to form the tetrameriza-
tion of 2 α-globin chains and 2 β-globin chains and each globin chain bound heme 
group (an iron atom bound within a protoporphyrin IX ring) [6]. Therefore, α and 
β-globin gene mutations were the most considered condition in the adult for thalas-
semia or Hb variants. An approximate 50 bp of the 5′ untranslated region (5’UTR) 
and codons for amino acid sequences 1–31 in the HBA1(or HBA2) and 1–30 in the 
HBB genes are represented as the first exon. The second exon encodes amino acids 
32–99 and 31–104, respectively. The third exon encodes amino acids 101–141 for 
the α-globin gene and 105–146 for the β-globin gene, together with about 100 bp of 
3′UTR (Figure 3) [3].

3. Genotype-phenotype relationship

In the human globin gene clusters, the α-globin gene cluster is located at the short 
arm of chromosome 16 (two copies of the α-globin gene per chromatid, HBA2, and 
HBA1 genes) whereas the β-globin gene cluster is located at the short arm of chromo-
some 11 (one copy of each β-globin gene per chromatid, HBB gene). Both chromo-
somes 11 and 16 are autosomal chromosomes (2n, diploid cell). Therefore, a total of 
four genes per diploid cell of the α-globin genotype (αα/αα) and a total of two genes 
per diploid cell for the β -globin genotype (βA/βA). The mutations of the human 
globin gene can inherit from the parent ranging from 1 allele to 4 alleles of α- and 
β-globin genes and resulting in various forms of the carrier or thalassemia disease. α- 
and β-Globin genotyping can be characterized by several PCR-based methods [7]. In 
the context of globin gene defects, phenotype refers to the observable hematological 
(red blood cell morphology, osmotic fragility test, abnormal Hb screening, and Hb 
analysis) or clinical characteristics of the carriers or patients. Recently, the clinical 
classification of thalassemia is divided into two phenotypes according to the patient’s 
clinical severity and transfusion requirements such as non-transfusion-dependent 
thalassemia (NTDT) and transfusion-dependent thalassemia (TDT) [8]. Therefore, 

Figure 3. 
General structure functional α -globin genes (A)and the β-globin gene (B).
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genotype-phenotype correlation is a relationship between specific globin mutations 
and hematological profiles or clinical symptoms. The red blood cell phenotypes and 
other related screening methods are the primary results for predicting a possible 
type of thalassemia carrier or disease [9, 10]. However, globin genotyping is required 
for a definitive and precise diagnosis of thalassemia for proper management and 
treatment [11].

4. Thalassemia and hemoglobinopathy

Thalassemia, a quantitative defect of globin chain synthesis, is caused by globin 
gene mutation and characterized by the absence (designed with a “0” superscript) 
or reduced (designed with a “+” superscript) synthesis of one or more of the normal 
globin chains. The α- and β-thalassemia are major types during the adult stage. In con-
trast, hemoglobinopathy is characterized by a qualitative or structural defect of globin 
chain synthesis. Thalassemic hemoglobinopathy is the combination of quantitative 
and qualitative features of globin chain synthesis such as Hb Constant Spring (Hb CS, 
α+-thalassemia-like effect) and hemoglobin E (Hb E, β+-thalassemia) [12]. Hereditary 
persistence of fetal hemoglobin (HPFH) and δβ-thalassemia are characterized by 
elevated fetal hemoglobin (Hb F) levels in adult life. There are no morphological 
changes to the red blood cells and red cell indices in HPFH whereas more abnormal 
red blood cells are observed in δβ-thalassemia [13]. In Southeast Asia α-thalassemia, 
β-thalassemia, Hb E, and Hb CS are prevalent and the gene frequencies vary in dif-
ferent countries. In Thailand, the carrier frequencies of 10–30% for α-thalassemia, 
3–9% for β-thalassemia, and 10–53% for Hb E [14, 15]. The combinations of different 
globin gene mutations lead to over 60 different thalassemia syndromes and the most 
complex thalassemia genotypes were found among Southeast Asians [15]. According 
to common globin gene mutations found in the Southeast Asian population, the 
four major thalassemia diseases are Hb Bart’s hydrops fetalis (−−/−−), homozygous 
β-thalassemia (β*/β*), Hb E/β-thalassemia (βE/β*), and Hb H diseases (deletional Hb 
H disease, −−/−α; non-deletional Hb H disease, −−/αTα) [ 15–17]. Only the first three 
thalassemia diseases were concerned with prevention and control programs for severe 
thalassemia in Thailand and other Southeast Asian countries [18–21]. Clinical mani-
festations of thalassemia range from asymptomatic with mild microcytic hypochro-
mic red blood cells to the totally lethal Hb Bart’s hydrops fetalis [16, 22]. Moreover, the 
interaction of the thalassemias and hemoglobin variants from multiple globin gene 
mutations may not be uncommon in Southeast Asians. The hematological and com-
plex hemoglobin profile has been reported in several publications and DNA analysis 
is required to characterize disease-causing mutation [7, 21]. Therefore, understand-
ing the genotype-phenotype relationship is very useful for precise diagnosis with 
proper laboratory tests and economic benefits [23]. In Southeast Asia α-Thalassemia 
is associated with variable numbers of α-globin gene deletions by combining 2 alleles 
such as −α3.7, −α4.2, −(α)−20, −−SEA, −−THAI, −−FIL, and −−CR with other alleles such 
as normal (αα) or α-globin chain variants (αTα or ααT) [15, 24–27]. The clinical 
phenotype of α-thalassemia relates to the number of affected α-globin genes ranging 
from no clinical symptom (hypochromic and microcytic red cells without anemia) to 
lethal thalassemia disease [16, 28]. β-Thalassemias are very heterogenous and various 
β-globin gene mutations have been characterized. β-Thalassemia mutations could be 
classified as β++, β+, or β0 thalassemia phenotypes according to different molecular 
mechanisms [11, 29–31]. In addition, several Hb chain variants of α-globin genes 
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(HBA1 and HBA2), β-globin gene (HBB), and δ-globin gene (HBD) have been found 
among the Southeast Asian population which are summarized in Table 1.

5. Interaction of common thalassemia and hemoglobin variants

α- and β-globin genes can be inherited independently by the next generation. 
There are 4 possible genotypes of the α-globin gene and 4 possible genotypes of 
the β -globin gene. Therefore, the maximum genotypes of α- and β-globin genes are 
16 possible genotypes. This model is useful for the prediction of severe thalassemia 
for the child in preconception counseling or prenatal diagnosis (PND) process 
(Figure 4).

In Southeast Asian countries, the complex interaction of thalassemia and the Hb 
variant is common. The dihybrid cross with the mutations in both α- and β-globin 
genes from the father (CS EA Bart’s disease) and mother (double heterozygosity 
for β0-thalassemia and α0-thalassemia) is used to give an example for the reader. All 
globin genotypes obtained from the parent are essential information for evaluating 
the risk ratio of being severe thalassemia. The list of possible α-globin genotypes 
are 4 distinct genotypes as follows; αCSα/αα (Hb Constant Spring heterozygote), 
−−SEA/αα (α0-thalassemia heterozygote), −−SEA/αCSα (Hb H-Constant Spring), and 
−−SEA/−−SEA (Hb Bart’s hydrops fetalis or homozygous α0-thalassemia). In addi-
tion, the list of possible β-globin genotypes are 4 distinct genotypes as follows; βA/βA 
(normal genotype), βA/β0 (β0-thalassemia heterozygote), βE/βA (Hb E heterozygote), 
and βE/β0 (Hb E/β0-thalassemia). According to 4 possible α- and 4 possible β-globin 
genotypes, 16 distinct combinations are obtained. In this case, Hb Bart’s hydrops 
fetalis and Hb E/β0-thalassemia are concerned and 7 combined genotypes (1, 2, 3, 4, 7, 
11, and 15) are risk genotypes and this couple is a true risk couple with 7/16 (43.75%) 
for being severe thalassemia in the child (Figure 5).

Because of the high frequency of thalassemias and Hb variants, the interac-
tions of thalassemias and Hb variants especially in two major globin chains (α- and 
β-globin) were observed in the Southeast Asian population. Hb E and Hb CS are the 
two most common Hb variants represented for β- and α-globin genes. Commonly, 
interactions of Hb E with other thalassemias or Hb variants resulting in Hb 
E-related syndromes such as Hb E/β-thalassemia with or without α-thalassemia 
interaction, AE Bart’s disease, EF Bart’s disease, etc. (Table 2). In an area where 
Hb E, β-thalassemia, and α-thalassemia are prevalent, the interaction of Hb E with 
several types of thalassemia is frequently observed. Among Hb E heterozygotes, a 
proportion of Hb A2/E lower than 25% has been used for suspecting α-thalassemia 
interaction and confirmed by DNA analysis [9]. Various forms of α-thalassemia 
are common and interaction of thalassemia with heterozygous Hb E can result in a 
reduced Hb A2/E level and hematological changes [35]. In contrast, the interaction 
of homozygous Hb E with α-thalassemia could not be differentially diagnosed by 
red cell indices and Hb-HPLC analysis [36]. Hb analysis by capillary electrophoresis 
can separate Hb A2 from Hb E and Hb A2 could be reported in the presence of Hb E 
[37, 38]. Interestingly, an increased Hb A2 level is a useful biomarker for differentia-
tion of Hb E homozygote with or without α0-thalassemia [39]. The combination 
of heterozygous Hb E and Hb H disease or Hb H-Constant Spring disease has a 
marked decrease of Hb E (13–15%) with thalassemia intermedia, which is called 
AE Bart’s disease [22]. Co-inheritance of Hb H disease with homozygous Hb E 
resulted in EF Bart’s disease with mild anemia and increased Hb F levels and Hb 
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Gene HGVS nomenclature Mutation

α-Globin chain variants

Hb Q-India HBA1:c.193G>C alpha1 64(E13) Asp>His

Hb Q-Thailand HBA1:c.223G>C alpha1 74(EF3) Asp>His

Hb Grey Lynn (Hb 
Vientiane)

HBA1:c.274C>T alpha1 91(FG3) Leu>Phe

Hb St. Luke’s-Thailand HBA1:c.287C>G alpha1 95(G2) Pro>Arg

Hb O-Indonesia HBA1:c.349G>A alpha1 116(GH4) Glu>Lys

Hb Phnom Penh HBA1:p.Phe118_Thr119insI I- inserted between codons 117(GH5) and 
118(H1) of alpha1

Hb Dunn HBA2:c.19G>A (or HBA1) alpha2 or alpha1 6(A4) Asp>Asn

Hb 
J-Wenchang-Wuming

HBA2:c.34A>C (or HBA1) alpha2 or alpha1 11(A9) Lys>Gln

Hb Siam (Hb Ottawa) HBA2:c.46G>C (or HBA1) alpha2 or alpha1 15(A13) Gly>Arg

Hb I HBA2:c.49A>G alpha2 16(A14) Lys>Glu

Hb Beijing HBA2:c.[51G>C (or HBA1) or 
51G>T (or HBA1)]

alpha2 or alpha1 16(A14) Lys>Asn

Hb Shenyang HBA2:c.80C>A (or HBA1) alpha2 or alpha1 26(B7) Ala>Glu

Hb Hekinan HBA2:c.84G>C alpha2 27(B8) Glu>Asp

Hb G-Honolulu HBA2:c.91G>C (or HBA1) alpha2 or alpha1 30(B11) Glu>Gln

Hb Prato HBA2:c.[96G>C (or HBA1) or 
96G>T (or HBA1)]

alpha2 or alpha1 31(B12) Arg>Ser

Hb Queens HBA2:c.104T>G (or HBA1) alpha2 or alpha1 34(B15) Leu>Arg

Hb Wiangpapao HBA1:c.133C>T alpha1 44(CE2) Pro>Ser

Hb Kawachi HBA2:c.134C>G (or HBA1) alpha2 or alpha1 44(CE2) Pro>Arg

Hb Thailand HBA2:c.170A>C (or HBA1) alpha2 or alpha1 56(E5) Lys>Thr

Hb J-Norfolk HBA2:c.173G>A (or HBA1) alpha2 or alpha1 57(E6) Gly>Asp

Hb Adana HBA2:c.179G>A (or HBA1) alpha2 or alpha1 59(E8) Gly>Asp

Hb Nakhon Ratchasima HBA2:c.191C>T alpha2 63(E12) Ala>Val

Hb Westmead HBA2:c.369C>G alpha2 122(H5) His>Gln

Hb Quong Sze HBA2:c.377T>C alpha2 125(H8) Leu>Pro

Hb Constant Spring 
(Hb CS)

HBA2:c.427T>C alpha2 142, Stop>Gln; modified 
C-terminal sequence: (142)Gln-Ala-Gly-
Ala-Ser-Val-Ala-Val-Pro-Pro-Ala- Arg-Trp-
Ala-Ser-Gln-Arg-Ala-Leu-Leu-Pro- Ser-
Leu-His-Arg-Pro-Phe-Leu-Val-Phe-(172)
Glu-COOH

Hb Pakse HBA2:c.429A>T alpha2 142, Stop>Tyr; modified 
C-terminal sequence: (142)Tyr-Ala-Gly-
Ala-Ser-Val-Ala-Val-Pro-Pro-Ala- Arg-Trp-
Ala-Ser-Gln-Arg-Ala-Leu-Leu-Pro- Ser-
Leu-His-Arg-Pro-Phe-Leu-Val-Phe-(172)
Glu-COOH
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Gene HGVS nomenclature Mutation

β-Globin chain variants

Hb Raleigh HBB:c.5T>C beta 1(NA1) Val>Ala

Hb C HBB:c.19G>A beta 6(A3) Glu>Lys

Hb G-Makassar HBB:c.20A>C beta 6(A3) Glu>Ala

Hb S HBB:c.20A>T beta 6(A3) Glu>Val

Hb G-Siriraj HBB:c.22G>A beta 7(A4) Glu>Lys

Hb Malay HBB:c.59A>G beta 19(B1) Asn>Ser

Hb E-Saskatoon HBB:c.67G>A beta 22(B4) Glu>Lys

Hb E HBB:c.79G>A beta 26(B8) Glu>Lys

Hb Henri Mondor HBB:c.80A>T beta 26(B8) Glu>Val

Hb Athens-Georgia HBB:c.122G>A beta 40(C6) Arg>Lys

Hb J-Bangkok HBB:c.170G>A beta 56(D7) Gly>Asp

Hb Dhofar HBB:c.176C>G beta 58(E2) Pro>Arg

Hb J-Kaohsiung HBB:c.179A>C beta 59(E3) Lys>Thr

Hb Phimai HBB:c.218G>C beta 72(E16) Ser>Thr

Hb Korle Bu (Hb 
G-Accra)

HBB:c.220G>A beta 73(E17) Asp>Asn

Hb Pyrgos HBB:c.251G>A beta 83(EF7) Gly>Asp

Hb D-Punjab (Hb D-Los 
Angeles)

HBB:c.364G>C beta 121(GH4) Glu>Gln

Hb Tende HBB:c.374C>T beta 124(H2) Pro>Leu

Hb Dhonburi HBB:c.380T>G beta 126(H4) Val>Gly

Hb Cook HBB:c.398A>C beta 132(H10) Lys>Thr

Hb Hope HBB:c.410G>A beta 136(H14) Gly>Asp

Hb Tak HBB:c.441_442insAC beta 147(+AC); modified C-terminal 
sequence: (147)Thr-Lys-Leu- Ala-Phe-
Leu-Leu-Ser-Asn-Phe-(157)Tyr-COOH

δ-Globin chain variants

Hb A2-Melbourne HBD:c.130G>A delta 43(CD2) Glu>Lys

Hb A2-Lampang HBD:c.142G>A delta 47(CD6) Asp>Asn

Hb A2-Walsgrave HBD:c.157G>C delta 52 (D3) Asp>His

Hemoglobin A2-Mae 
Phrik

HBD:c.158A > G delta 52(D3) Asp > Gly

Hb A2-Kiriwong HBD:c.233A>G delta 77(EF1) His>Arg

Hb Lepore-Hollandia NG_000007.3:g.63290_70702del delta-beta hybrid (delta through 22; beta 
from 50)

Hb Lepore-Washington-
Boston

NG_000007.3:g.63632_71046del delta-beta hybrid (delta through 87; beta 
from 116)

Table 1. 
Hb variants in southeast Asian countries [32–34].
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Bart’s [22]. The compound heterozygous state for β-thalassemia and Hb E namely 
Hb E-β-thalassemia is variable disease severity ranging from transfusion-dependent 
thalassemia to thalassemia intermedia. An ameliorating effect of α-thalassemia 
interactions and high Hb F determinants has been well studied [40–42]. Moreover, 
the interaction of thalassemia and Hb variants has been reported in several publica-
tions in the Thai population such as compound heterozygosity for Hb Korle-Bu 
and Hb E with α+-thalassemia, complex interactions between Hb Lepore-Hollandia 
and Hb E with α+-thalassemia and interaction between Hb E and Hb Yala resulting 
in Hb E/β0-thalassemia, double heterozygosity of Hb Hope and α0-thalassemia and 
compound heterozygotes for Hb Hope and β0-thalassemia [43–46]. Hereditary per-
sistence (HPFH) and δβ-thalassemia are characterized by elevated fetal hemoglobin 
levels in adult life. There are several mutations reported in the Thai population such 
as GγAγ (δβ)0-thalassemia, deletional HPFH-6, and deletion-inversion Gγ(Aγδβ)0-
thalassemia [47–49].

6. Conclusions

The understanding of the genotype-phenotype relationship is essential for 
proper laboratory testing, genetic counseling, and treatments. The concept of 
thalassemia interaction could be applied in a country with high frequency and 
heterogeneity of thalassemia and hemoglobinopathies. DNA analysis is very 
important for definitive diagnosis, as well as the family study, and could be helped 
in complex thalassemia with a rare hemoglobin variant. Characterization of globin 

Figure 4. 
The model of the dihybrid cross of α- and β-globin genotypes.

Figure 5. 
The model of dihybrid cross of CS EA Bart’s disease and double heterozygosity for β0-thalassemia and 
α0-thalassemia.
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Type Genotype Disease/clinical 
phenotype

Hb type*

Homozygous conditions

α+-thal −α/−α No clinical symptoms A2A

α+-thal (Hb variant) αTα/αTα (αCSα/αCSα) Hb H disease (CS) A2A Bart’s H

α0-thal −−/−− Hb Bart’s hydrops fetalis Bart’s

β0 or severe β+ thal β0/β0 Thal major (TM) or TDT A2F

Mild β+ or β++ thal β+/β+ Thal intermedia (TI) or 
NTDT

A2FA

Hb E (β+ thal) βE/βE No clinical symptoms EE or E(F)

Compound heterozygous conditions

α0-thal/α+-thal −−/−α Deletional Hb H disease A2A Bart’s H

α0-thal/α+-thal (Hb 
variants)

−−/αTα (−−/αCSα) Non-deletional Hb H 
disease (severe)

(CS) A2A Bart’s H

Severe β+ thal/β0 thal β+ (severe form)/β0 Thal major (TM) or TDT A2F

Mild β+/β0 thal β+ (mild form)/β0 Variable disease severity A2FA

Hb E/β+ thal βE/β+ Thal intermedia (TI) EFA

Hb E/β0 or severe β+ thal βE/β0 or βE/β+ (severe) Variable disease severity EF

Hb E/Hb C βE/βC No clinical symptoms 
(mild anemia)

EC

Hb E/(δβ)0 thal βE/(δβ)0 Thal intermedia EF

Hb E/HPFH βE/HPFH Mild thal intermedia EF

Hb E-related syndromes

Heterozygous Hb E + α0-
thal heterozygote

βE/βA + −−/αα Double heterozygotes 
for Hb E and α0-thal, no 
clinical symptoms

EA (reduced Hb E 
levels)

Heterozygous Hb 
E + α0-thal/α+-thal

βE/βA + −−/−α AE Bart’s disease, thal 
intermedia

EA Bart’s

Heterozygous Hb E + α0-
thal/α+-thal (Hb variants)

βE/βA + −−/αTα 
(αTα = αCSα or αPSα)

CS/PS AE Bart’s disease, 
thal intermedia

(CS) EA Bart’s

Homozygous Hb 
E + α0-thal/α+-thal

βE/βE + −−/−α EF Bart’s disease, thal 
intermedia

EF Bart’s

Homozygous Hb E + α0-
thal/α+-thal (Hb variants)

βE/βE + −−/αTα 
(αTα = αCSα or αPSα)

CS/PS EF Bart’s disease, 
thal intermedia

(CS) EF Bart’s

Hb E/β0 thal+α0-thal/
α+-thal

βE/β0 + −−/−α EF Bart’s disease, thal 
intermedia

EF Bart’s

Hb E/β0 thal+α0-thal/α+-
thal (Hb variants)

βE/β0 + −−/αTα 
(αTα = αCSα or αPSα)

CS EF Bart’s disease, thal 
intermedia

(CS) EF Bart’s

CS, Constant Spring; PS, Pakse; HPFH, hereditary persistence of fetal hemoglobin; NTDT, non-transfusion-dependent 
thalassemia; TDT, transfusion-dependent thalassemia; Thal, Thalassemia; TI, thalassemia intermedia; TM, 
thalassemia major.*Hb type is based on HPLC technique.

Table 2. 
Phenotypes of thalassemias, Hb variants and interaction of thalassemia and Hb variants in the southeast Asian 
population.
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Abstract

Thalassemia is characterized by impaired synthesis of globin chains in hemoglobin. 
Supportive care for this condition includes regular transfusions and adequate iron 
chelation. Hemopoietic stem cell transplant (HSCT) is the only curative option  
available at present to most of the patients. The currently accepted indication for 
allogenic HSCT is transfusion dependency. For patients with available HLA-matched 
siblings or related or unrelated donors, a transplant should be offered as soon as 
possible to avoid transfusion-associated complications. The three risk factors are the 
presence of hepatomegaly >2 cm, the presence of liver/portal fibrosis and a history 
of inadequate chelation. Stem cells for HSCT can be obtained from bone marrow, 
peripheral blood and cord blood. In the majority, all the transplant centres across the 
world use bone marrow as a stem cell source as it is associated with a lesser incidence 
of GVHD (especially chronic) as compared to peripheral blood because of the high 
concentration of T lymphocytes in the latter. Conditioning regimen is being evolved 
from myeloablative to reduced intensity conditioning to reduced toxicity myeloabla-
tive conditioning regimens. Post-transplant management includes monitoring of 
engraftment and chimerism. It also aims at infection prophylaxis, prevention of 
GVHD, hematopoietic support and management of iron overload post-transplant.

Keywords: thalassemia, Hsct, conditioning, GVHD, mixed Chimerism

1. Introduction

Thalassemia is an inherited blood disorder characterized by impaired synthesis 
of globin chains in hemoglobin. It is a recessive monogenic disorder and 5% of 
population globally are carrier of this disease [1]. The estimated global prevalence 
of severe beta thalassemia is 288,000 per annum [2]. Transfusion-dependent thalas-
semia is associated with severe anemia and its complications, iron overload affecting 
multiple organs due to frequent transfusions, extramedullary hematopoiesis and 
hepatosplenomegaly. Supportive care for this condition includes regular transfusions 
and adequate iron chelation. However, hemopoietic stem cell transplant (HSCT) is 
the only curative option available at present [2].

Allogenic stem cell transplant in thalassemia as a cure was first reported in 1982 
from a human leukocyte antigen (HLA) identical sibling donor [3]. Following this, 
more than 3000 successful transplants in thalassemia have been done [4]. In the 
1980s and early 1990s, the Pesaro group in Italy pioneered the therapeutic approach to 
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transplant in thalassemia [5–11]. This was later accepted worldwide. Since then, there 
has been gradual improvement in outcomes over the past 20 years due to improved 
strategies of conditioning, risk stratification and better control of complications. 
Overall survival (OS) and Thalassemia free survival (TFS) rates of thalassemia have 
improved to around 90% and 80%, respectively [12, 13]. The best available donor for 
HSCT is a full HLA-matched sibling donor (MSD) or family member. However, such 
donors are not easily available and hence strategies are coming up to use matched 
unrelated and mismatched donors as a source of stem cells for transplant. Till now 
their outcomes are inferior to matched related donors [14, 15]. Hence case to case 
basis discussions among transplant physicians and parents are required to choose 
between transplant or supportive therapies as part of the management of the disease 
when matched related donors are not available.

2. Indication of transplant and risk stratification

The currently accepted indication for allogenic HSCT is transfusion dependency. 
For patients with available HLA-matched siblings or related or unrelated donors, 
a transplant should be offered as soon as possible to avoid transfusion-associated 
complications [16]. HSCT is not chosen for patients with severe organ damage e.g. 
uncompensated cirrhosis.

In the early 1990s, the Pesaro group identified three patient-related risk factors 
which can affect the outcomes of transplants. These three risk factors were incorpo-
rated to stratify three classes of patients with the best outcomes available from class1 
and the worst from class 3 [11].

The three risk factors were presence of hepatomegaly >2 cm, the presence of liver/
portal fibrosis and a history of inadequate chelation. The quality of chelation was charac-
terized as regular when deferoxamine therapy was initiated no later than 18 months after 
the first transfusion and was administered subcutaneously for 8–10 h continuously for at 
least 5 days/week. Any deviation from this regimen was defined as irregular chelation.

Class 1 had no risk factors, class 2 had one or two risk factors, and class 3 had three 
risk factors. The 3-year overall survival (OS) for class 1 was 94% and dropped to 61% 
for class 3. Class 3 also contained a group of very high-risk (HR) patients, typically 
aged ≥7 years and with liver size ≥5 cm from the costal arch.

Age older than 14 years is an independent risk factor. If MSD HSCT is performed 
before 14 years of age, procedure-related mortality is <10%. This decreases to <5% 
when performed before 5 years of age [17].

3. Pretransplant evaluation

In addition to classical pre-HSCT evaluation, the following tests need to be done:
Liver iron concentration: Assessment of liver Iron is done by liver biopsy or 

liver MRI, this can be avoided in patients with age less than 3 years. Compensated 
Cirrhosis (e.g. Child-Pugh class A) can have an impact on the prognosis and outcome 
of the transplant. It is not a contraindication to transplant but it should be weighed 
as a factor to choose HSCT on a case-to-case basis. Liver histology—with particular 
attention to the degree of fibrosis (for this purpose liver biopsy remains the preferred 
tool, over liver elastography) should be done. For the evaluation of liver fibrosis by 
biopsy, Knodell’s numerical scoring system should be used [18].
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Viral hepatitis tests: Viral hepatitis is not a contraindication to HSCT but tests 
should be done and appropriate antiviral drugs should be started and viral load 
should be lowered before starting of transplant.

Cardiac assessment: Electrocardiography or Echocardiography are appropriate 
tests to assess cardiac functions and then T2* MRI can be done to assess cardiac iron 
concentration in selected cases. A fully recovered case of iron-related heart failure is 
not a contraindication to transplant provided that the patient has received adequate 
iron chelation therapy.

Endocrine function: Fasting blood glucose levels, thyroid function tests, and 
growth-hormone-releasing hormone (GHRH) stimulation tests can be performed 
in children with age more than 10 years to rule out iron-related damage to endocrine 
organs. These evaluations do not impact transplant outcomes or procedures but can 
be very useful for long-term post-transplant follow up care.

Fertility assessment: Post pubertal males and females should be encouraged for 
sperm banking and ovarian tissue preservation respectively as temporary or perma-
nent hypogonadism is common following allogeneic HSCT.

4. Donor selection

The ideal donor for HSCT is HLA-matched/HLA-identical sibling i.e. a sibling 
who shares the same HLA haplotype at six of six (or eight of eight) HLA loci 
(HLA—A, B and DR or HLA—A, B, C and DR respectively). The probability of avail-
ability of such a donor is 25% and that of a donor without thalassemia major is 18.5%.

5. Evolution of strategies of HSCT in Thalassemia

Over the last 20 years, the probability of thalassemia-free survival in MSD-HSCT 
has improved from 73% to 80–90% [19]. A survey of 1061 patients who underwent 
MSD-HSCT in the last 10 years, conducted by EBMT showed two years of overall 
survival (OS) as 91% [20]. The factors which helped in getting better survival were 
improved HLA typing, better maintenance of asepsis, more effective prophylaxis and 
treatment of various infections with the availability of broad-spectrum higher antibiot-
ics, better prophylaxis of graft vs. host disease (GVHD), improved iron chelation before 
transplant and evolved strategies to deal with Pesaro class 3 transplant. Table 1, high-
lights the recent evidence from MSD-HSCT in thalassaemic children.

Different centres have come up with strategies for improving outcomes in Pesaro 
Class 3 patients as can be figured out in Table 1.

1. Hyper transfusion along with effective iron chelation to keep hemoglobin more 
than 13 g/dl and keep ferritin less than 2000 ng/ml.

2. Reducing the dose of cyclophosphamide (≤160 mg/kg), and adding  
fludarabine in the conditioning regimen to decrease treatment-related mortality 
(reduced intensity conditioning; RIC regimens).

3. Adding anti thymocyte globulin (ATG)/total lymphocyte irradiation (TLI)/
total body irradiation (TBI) helps in achieving similar survival rates with RIC 
when compared with myeloablative conditioning regimens (MAC).
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4. Pretransplant additional therapies with immunosuppression with azathioprine 
(Aza) and suppression of erythropoiesis with hydroxyurea (Hu). Sodani et al. 
[19] reported Protocol 26 which combines RIC regimens with Aza and Hu 
 improving survival to 93% and decreasing graft rejection to 6%

5. Using intravenous (i.v.) busulfan

6. Targeted i.v. busulfan

7. New drugs like treosulfan, thiotepa, and fludarabine (TTF regimen or  adding 
thiotepa individually to the conditioning regimen), as well as intensive 
 pretransplant transfusion-chelation regimens.

8. Gaziev et al. [20] reported Modified Protocol 26. It was similar to that of Sodani 
et al. but with a higher dose of Fludarabine (150 mg/kg) and the addition of 
thiotepa (10 mg/kg). This was used in MSD-HSCT with results of 92% OS and 
no graft rejection.

9. Anurathapan et al. [21] reported a novel reduced toxicity conditioning  regimen 
(RTC) regimen involving sequential administration of Hu (to suppress 
 erythropoiesis) followed by two cycles of Pre transplant immunosuppression 
(PTIS) including Fludarabine and dexamethasone (to suppress recipient T cells) 
followed by RTC with Fludarabine, Busulfan and Anti thymocyte globulin along 
with administration of a relatively high number of hematopoietic progenitor cells 
(>5 × 106 CD34+ cells/kg of recipient weight). This regimen was used in MSD and 
unrelated donors and resulted in overall survival of 94% in both groups (Figure 1).

Authors No. of 
patients

Patient cohort/
overall survival 

Pesaro risk 
category

Thalassemia 
free survival

Treatment 
related 

mortality

Comments

Galambrun 
et al.

108 Children all 
categories 15 years 

of risk 86.8%

15 years 15 years 96 sibling donor

69.40% 12% Regimen: Bu-Cy ± ATG

Li et al. 82 Children all risk 
categories 3 years

3 years 3 years 52 MUD, 30 sibling

91% 87% 8% Regimen Bu-Cy-
Thiotepa, Fludarabine

Bernardo et al. 60 Low: 275 years 5 years 7% 20 sibling donor, 40 MUD

Intermediate: 17, 
high: 4 93%

84% Regimen Treosulfan

Adults: 12 Thiotepa-Fludarabine

Sabloff et al. 179 Low: 2% 5 years 5 years Intermediate 
risk

Bu-Cy + ATG in 77
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Authors No. of 
patients

Patient cohort/
overall survival 

Pesaro risk 
category

Thalassemia 
free survival

Treatment 
related 

mortality

Comments

Intermediate: 
Intermediate risk

Intermediate 
risk

May-75 Bu-Cy in 102

42% 91% 88% High risk

High: 36% High 
risk: 64%

High risk: 62% 23/64

Irfan et al. 56 Children 5 years 5 years 100 days: 29 BM, 27 PBSCs

Low: 20 BM: 73% BM: 67% Oct-56 Lower risks: Bu-Cy

Intermediate: 20 
PBSCs: 65%

PBSCs: 55% High risk: 
Hydroxyurea-

High: 16 Azathioprine-
Fludarabune-

Bu-Cy

Locatelli et al. 259 Median age 8 years 
(range 1–24) 

6 years

6 years 4% Multicentric 
retrospective

Low: 86 95% 86% Registry study.

Intermediate: 122 Regimens: Bu-Cy,

High: 51 Bu-Cy_Fludarabine, 
Bu-Cy-

Thiotepa ±ATG.

Mathews et al. 50 High Risk: 48% 79% 12% Treo based 
conditioning with 
PBSC graft in 74%

Anurathapan 
et al.

18 NA 89% 5% Conditioning regimen 
with Flu and Iv Bu, 

Preconditioning
Immunosuppression 
with Fludrabine and 

dexamethasone for one 
months.

Gaziev et al. 68 6 low risk 3 years 3 years 100 days Intravenous Busulfan

23 intermediate 
risk 91%

87% 3% Based regimen

39 high risk

OS, overall survival; TFS, thalassemia free survival; TRM, transplant related survival; NR, not reported; Bu, busulfan; 
Cy, cyclophosphamide; ATG, antithymocyte globulin; BM, bone marrow; PBSC, peripheral blood stem cells; CB, cord 
blood.

Table 1. 
Recent results of matched sibling donor transplant in children with thalassemia major [16].
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6. Alternative donors

HLA matched sibling as an option for the donor is available only in a quarter 
of cases. Because of its curative potential, the spectrum of the donor has been 
extended to alternative donors also. The experience of various types of the donor is 
as followed:

7. Matched unrelated donor (MUD) transplant

MUD transplant has been reported to be an acceptable strategy for the cure of 
thalassemia as an alternative option for MSD-HSCT if matched sibling donor is 
not available. An Italian bone marrow transplant group conducted a study in 2005 
regarding MUD transplant using molecular typing in 68 patients with a median 
age of 15 years. The thalassemia-free survival for 30 patients in Pesaro classes 1 
and 2 at a median follow-up of 3.4 years was 97%. However, for the other 38 class 
3 patients, the survival was 65% [22]. Experience from several centres suggested 
that survival can be improved if there is high-resolution molecular typing at both 
HLA class I and II loci (HLA—A, B, C, DR B1 and DQB1). A recent study has 
demonstrated that the risk of thalassemia recurrence after unrelated bone  marrow 
transplantation is associated with the presence of nonpermissive HLA-DPB1 
mismatches in the host-versus-graft direction [23]. A novel conditioning regimen 
(WZ-14-TM protocol) based on reduced dose cyclophosphamide, i.v. Busulfan, 
fludarabine and addition of ATG, used by Chinese group Lan Sun et al. in 48 
children of 2–11 years of age with beta-thalassemia major who underwent MUD 
peripheral blood transplant reported OS and TFS of 100% [24]. In 2021, Kharya 
et al. reported their experience of using modified PTIS protocol (Apollo Protocol) 
in 3 thalassemia patients who underwent MUD transplants. Along with Hu, and 
Aza, they gave 2 cycles of modified PTIS involving decreased cumulative dose 
of fludarabine as compared to that of Anurathapan et al. along with the addition 
of cyclophosphamide followed by augmented John Hopkins conditioning and 
subsequently Post-transplant cyclophosphamide (PtCy). At a median follow-up of 
307.5 days, all patients were alive and disease free [23]. The limitations with MUD 
transplants are limited experience with lesser studies across the globe and the 
limited number of registries available for searching for matched donors.

Figure 1. 
Depiction of the transplant program with first pharmacological PTIS, followed by RTC with ATG, Flu and 
IV Bu. For the haplo-identical donors, we used post-Cy-based GvHD prophylaxis and delayed-calcineurin 
inhibitor-/sirolimus therapy, and short-course mycophenolate mofetil, the latter two starting on day SCT +5. 
Please see Patients and Methods section for details.
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8.  Mismatched related donor (MMRD)/haploidentical transplant 
(haploidentical-HSCT)

MMRD/haploidentical transplants are considered experimental strategies to be 
taken as therapy for Thalassemia. Reports from such transplants are limited but with 
novel strategies, the outcomes are improving over the years. In 2018, Gaziev et al. 
reported their experience of using T cell receptor alpha-beta+/CD 19+ depleted grafts 
(Figure 2) for haplo-HSCT in 14 patients. At the median follow-up of 3.9 years, the 
five years probability of overall survival was 84%. The incidence of graft failure was 
14%. Anurathapan et al. [21] used their Ric protocol (flu-i.v. blu) with PTIS along 
with ATG, PtCy, tacrolimus and mycophenolate mofetil (MMF) in 83 patients who 
underwent haplo HSCT. Six patients developed severe acute Graft vs. host disease 
(GVHD). Projected OS at 3 years was 96%. Experience with haplo-HSCT is very 
limited and more trials are required in this area.

9. Stem cell source

Stem cells for HSCT can be obtained from bone marrow, peripheral blood and 
cord blood. In the majority, all the transplant centres across the world use bone mar-
row as a stem cell source as it is associated with a lesser incidence of GVHD (especially 
chronic) as compared to peripheral blood because of the high concentration of T 
lymphocytes in the latter. Overall survival has been better with bone marrow stem 
cells in some studies. The incidence of graft failure has been similar to all the sources 
2014 expert panel guidelines recommend bone marrow as a source of stem cells over 
peripheral blood [16].

Ghavamzadeh et al. in a 2007 study reported chronic GVHD in 19% of bone mar-
row HSCT and 48% of peripheral blood HSCT involving 183 children who underwent 

Figure 2. 
T cell depletion.
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MSD HSCT [25]. Similar results were seen in a 2010 study which involved 52 children 
with thalassemia belonging to Pesaro Class 3. They underwent MSD-HSCT. The 
chronic GVHD was 40% in the group with peripheral blood stem cell transplant and 
16% in that with bone marrow stem cell transplant [26]. Cord blood (CB) as a source 
of stem cells has been tried to extend the donor pool. Also, the rates of acute and 
chronic GVHD are theoretically less with cord blood. However, the survival rates were 
similar between cord blood and bone marrow [27]. With unrelated cord blood, high 
rates of graft failure and delayed hematopoietic recovery were the major concerns 
[28]. This limitation might be mitigated by using ≥1 CB donor unit or by giving CB 
together with T cell-depleted HLA-haploidentical CD34 with cells. Current recom-
mendations for CB transplant suggest using units containing at least 3.5 × 107 total 
nucleated cell/kg recipient body weight before cryopreservation, and with less than 2 
HLA disparities.

10. Conditioning regimen

The conditioning regimen for HSCT requires two conditions to be fulfilled. First, 
ablation of expanded erythropoietic marrow and second immunosuppression of the 
host for effective engraftment of graft cells. The first condition is fulfilled by Busulfan 
and its derivative. However, for the second condition busulfan is not that effective 
and hence cyclophosphamide is incorporated into the backbone as an effective immu-
nosuppressive agent. The myeloablative conditioning derived from this principle was 
busulfan at the dose of 14–16 mg/kg and cyclophosphamide at the dose of 200 mg/
kg. This conditioning regimen has evolved over the years to improve graft survival 
and overall survival with a lesser incidence of treatment-related toxicities and 
mortalities. With Busulfan the idea evolved from using it intravenously for effective 
bioavailability then infusing it with therapeutic drug monitoring [29], then using its 
derivative treosulfan as in Thiotepa-Treosulfan-Fludarabine (TTF) regimen [30–32]. 
With cyclophosphamide, the idea evolved from decreasing its dose from 200 mg/kg 
to 160 mg/kg [33], which improved survival but increased the graft rejection rate also 
followed by the addition of fludarabine (RIC regimen) as another immunosuppres-
sive agent followed by the use of pretransplant immunosuppression [21] (Protocol 
26, as described above) followed by addition of thiotepa and increasing the dose of 
fludarabine (modified Protocol 26, as described above), a type of Reduced toxicity 
Myeloblative (RTM) regimen [34]. As mentioned above Anurathapan et al. [24] and 
Kharya et al. [23] came up with the novel idea of Pretransplant Immunosuppression 
and reported optimal survival rates.

11. Graft versus host disease prophylaxis

An international expert panel in 2014 recommended the use of cyclosporine and 
methotrexate (on days +1, +3, +6, +11 post-transplant) as standard of prophylaxis for 
GVHD. Cyclosporine is continued for one year [16]. Anti-thymocyte globulin (ATG) 
has been shown to improve the GVHD rates in MSD, MUD and Haplo-HSCT [35, 36]. 
It is recommended for use in alternative donor transplants and when using peripheral 
blood as the source of stem cells. For haploidentical transplants post-transplant 
cyclophosphamide (PtCy) has also been incorporated for GVHD prophylaxis to get 
better results [37–39].
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12. Mixed chimerism

Mixed chimerism is defined by the presence of >5% recipient cells at any time 
post-transplant. The severity is graded as levels 1, 2, 3 depending on the percentage of 
recipient cells as <10%, 10–25%, and >25% respectively. Andreani et al. [39] showed 
that engraftment with day +60 chimerism more than 90%, also called bulk engraft-
ment is required for achieving stable complete chimerism or mixed chimerism. Aby 
Abraham et al. [35] reported the management of mixed chimerism. Initially, they 
tapered immunosuppression (tapering of dose of cyclosporine by 30% every two 
weeks) until there was stable mixed chimerism or complete donor chimerism. If there 
was progressive loss of donor chimerism leading to level 2 or level 3 chimerism on 
two consecutive occasions despite the tapering of immunosuppression and absence 
of GVHD, Donor Lymphocyte Infusion (DLI) was given. In their study, 80% of the 
patients with level II chimerism responded to DLI and 31.2% of those with level III 
chimerism showed the response. 40% of patients achieved stable mixed chimerism or 
complete donor chimerism with DLI.

13. Post-transplant management

Post-transplant management includes monitoring of engraftment and chimerism. 
It also aims at infection prophylaxis, prevention of GVHD, hematopoietic support 
and management of iron overload post-transplant. Patients are kept at antibacte-
rial, antiviral and antifungal prophylaxis with special attention to protection against 
Cytomegalovirus (CMV) and Pneumocystis Carini. Transfusion support is given as per 
needs. GVHD prophylaxis is given as discussed above. Patients should be monitored for 
organ functions, growth and gonadal functions also. Regarding iron overload, the aim 
is to keep serum ferritin <2000 ng/ml and liver iron <7.5 mg/g of dry weight. To achieve 
this a phlebotomy of 5–6 ml/kg every two weeks or four weeks is done until patients 
are on immunosuppression [40]. After a patient is free of immunosuppression and has 
stable engraftment, the patient can be kept on iron chelators according to the dosing 
schedule. Deferiprone should be used with caution as it may cause agranulocytosis.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

The sub-continent of West Africa is made up of 16 countries: Benin, Burkina Faso, 
Cape Verde, Ghana, Guinea, Guinea-Bissau, Ivory Coast, Liberia, Mali, Mauritania, 
Niger, Nigeria, Senegal, Sierra Leone, The Gambia and Togo. As of 2018, the popula-
tion of the sub-continent was estimated at about 381 million. The main challenge 
associated with blood transfusion service delivery across the sub-region concerns 
adequacy and safety. In this chapter, we highlighted the challenges associated with the 
delivery of a quality blood transfusion service in countries in the sub-region including: 
implementation of component therapy rather than whole blood transfusion, effective 
cold chain management of blood and blood products, alloimmunization prevention, 
implementation of column agglutination and automation rather than the convention 
manual tube method in blood transfusion testing, effective management of major 
haemorrhage, optimization of screening for transfusion transmissible infections, 
optimizing blood donation, implementation of universal leucodepletion of blood and 
blood products, effective management of transfusion-dependent patients, pre-opera-
tive planning and management of surgical patients, management of Rhesus D negative 
pregnancy and women with clinically significant alloantibodies, implementation of 
haemovigilance system, implementation of alternatives to allogenic blood, availability 
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and use of specialized blood products, optimizing safe blood donation, enhancing 
blood transfusion safety, operating a quality management system-based blood trans-
fusion service and implementation of non-invasive cell-free foetal DNA testing. There 
is the urgent need for the implementation of evidence-based best practices in blood 
transfusion service delivery across the sub-region to allow for excellent, safe, adequate 
and timely blood transfusion service delivery across the sub-region.

Keywords: blood transfusion, service delivery, West Africa, optimization, sub region

1. Introduction

Blood transfusion has life-saving potential and can improve the wellbeing and 
 quality of life of anaemic and bleeding patients [1]. However, the major challenge 
to blood transfusion service delivery across the West African sub region is access to 
adequate, safe and timely blood transfusion service [2]. Effective blood transfusion 
requires that blood sourced from the right voluntary non-remunerated blood donor, 
is rightly screened, processed, stored and distributed. It is the right blood given to the 
right patient in the right quantity, in the right condition, at the right time, in the right 
place, for the right clinical indication and that is effective [3, 4]. There are several chal-
lenges associated with blood transfusion service delivery across the West African sub-
region. In 2016, WHO global status report on blood safety and availability indicated 
that an insignificant 5.6 million units of blood (4% of the global supply) were collected 
in Africa with 38 African countries collecting <10 whole-blood donations per 1,000 
populations [5]. The West African sub-region and other developing countries have a sig-
nificantly increased need for blood and constitute a significant part of the global popu-
lation, yet it contributes an insignificant number of units to the global allogenic blood 
pool. The rate of blood donation across the sub-region and other developing countries 
is significantly lower and often from less safe family replacement and commercial 
remunerated donor rather than from safer, benevolent and altruistic voluntary non- 
remunerated blood donors. There are 4.6, 11.7 and 33.1 donations per 1000 population 
in low- income developing, middle -income and high-income countries respectively 
[5]. In addition, there is a significant variation in the groups that are most frequently 
transfused in developing and developed countries. In West Africa and other developing 
countries, a significant 65% of transfusions are given to children <5 years and to manage 
pregnancy-related complications including ante and post-partum bleeding compared to 
76% of blood transfused to patients >65 years of age in developed countries.

The provision of safe, adequate, and timely blood should ideally be the respon-
sibility of the National blood transfusion service (NBTS) and should be an essential 
part of every nation’s national health care policy. The WHO recommends that every 
nation should have a centrally coordinated and regionally based National Blood 
Transfusion Service governed by national blood policy and legislative framework 
to allow for the maintenance of standards and consistency in the quality and safety 
of blood and blood products [6]. The NBTS sole responsibility is to coordinate all 
activities related to blood collection, testing, processing, storage and distribution 
blood collected from safe voluntary non-remunerated blood donors who form a reli-
able, safe, assured and stable base of blood donors [7]. Although the national blood 
transfusion services are present in member countries across the sub region, they have 
not been able to solve the challenge of ensuring the safety, adequacy and timely blood 
transfusion service delivery [8, 9].
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Blood supply across the sub region is still predominantly dependent on family/
replacement and some commercial remunerated donors. Only few donors across the 
region donate blood voluntarily. The West African sub-region does not seem to be 
as altruistic as their counterpart in the developed world regarding voluntary blood 
donation [10].

WHO recommends that all blood donations should be screened mandatorily for 
transfusion transmissible diseases including, HIV, hepatitis B, hepatitis C and syphilis 
and that such screening should meet quality management system requirements. The 
prevalence of TTIs is considerably higher in the West African sub region compared 
to the high-income developed nations. In the West African sub region, the challenge 
has been the availability of screening measures, adequately trained personnel and 
relevant infrastructure that is required to reduce the risk of introducing potentially 
infected blood from donor in the window phase of infection in the allogenic blood 
pool. Use of antibody-based screening with its limitation is prevalent for screening of 
blood donors for HIV and HCV. Blood donor screening most times is not monitored 
through external quality assessment (EQA) schemes, there is irregular supply and 
sometimes stock out of screening kits and other consumables [11, 12].

Suboptimal utilization of the limited allogenic bloodstock is another a major 
challenge. Whole blood transfusion rather than universally leucodepleted component 
therapy is prevalent across the sub region [13, 14]. National haemovigilance systems 
and Hospital Transfusion Committees (HTC) required to monitor, improve, and 
ensure the rational use and by extension the safety of the blood transfusion process 
are often non-existent in many setting across the sub region [15]. Adverse events, 
reactions and near misses are not reported and investigated properly. The root causes 
are not determined neither are the corrective and preventive action implemented 
in a timely and action-planned format. Clinical audits are seldom implemented and 
unnecessary non-clinically indicated and unsafe transfusion practices that expose 
patients to the risk of serious adverse transfusion reactions and TTIs and that reduces 
the availability of blood products for patients in whom it is clinically indicated are 
prevalent. There is absence of indication coding tool required to guide the safe, 
appropriate, and clinical use of blood across the sub region [16]. The decision to 
transfuse a patient across the sub region should ideally be based on clinical judge-
ment, laboratory-based evidence and the patient’s risk/benefit ratio including risks 
associated with transfusion and anaemia [17]. There is need to ensure that all transfu-
sion across the region is clinically effective, prevent mortality in acute situations, 
ensure the reversal of a physiological transfusion trigger, restores adequate tissue 
perfusion and ensures maintenance of optimum coagulation [18]. There is an urgent 
need to solve the challenges associated with timely access to a safe and adequate sup-
ply of blood products. The aim of this chapter is to highlight the challenges associated 
with blood transfusion service delivery in the West African sub region and advocate 
for the implementation of realistic, pragmatic and evidence-based best practices 
required to optimize blood transfusion service ensuring that there is universal access 
to safe blood and blood products.

2.  Urgent need for the implementation of component therapy in the West 
African sub-region

Traditionally, blood can be transfused either as whole blood or as one of its 
components. Blood components include red cell concentrates (RCCs), fresh frozen 
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plasma (FFP), platelet concentrates (PCs) and cryoprecipitate. However, global 
safety initiatives and evidence-based best practice advocate that donation be 
separated into components for safety reasons and to facilitate optimal utilization of 
scarce allogenic blood stock [19]. Blood component therapy (BCT) is the therapeutic 
use of blood components rather than the wasteful use of whole blood to manage 
patients. Patients seldom need all the components of in whole blood. Anaemic 
patients require red cell concentrate, coagulopathy patients with raised interna-
tional normalized ration (INR) above 1.5 require fresh frozen plasma, thrombocyto-
penic patients require platelet concentrate while bleeding patients with significantly 
low fibrinogen level (< 2 g/L for obstetric haemorrhage and < 1 g/L in non-obstetrics 
haemorrhage) requires cryoprecipitate. BCT involves whole blood being leucode-
pleted, divided into individual components, and delivered separately. It often 
requires that a patient receives the specific blood component required to treat their 
specific deficiency or condition [20]. Component separation was first developed in 
1960 aimed at separating blood products from a unit of whole blood using refriger-
ated centrifuges and controlled conditions of gravitational force and tempera-
ture [19]. A considerable number of literatures has accumulated over the past 
decade indicating that leukocytes present in allogeneic cellular blood components, 
intended for transfusion, are associated with adverse effects to the recipient [21]. 
These include the development of febrile transfusion reactions, graft-versus-host 
disease, alloimmunization to leukocyte antigens and the immunomodulatory effects 
that might influence the prognosis of patients with malignancy and HIV. Moreover, 
it has become evident that leukocytes present in whole blood may be the vector of 
infectious agents such as cytomegalovirus (CMV), Human T-Lymphotrophic Virus 
1/11 (HTLV-I/II), and Epstein Barr (EBV) as well as other viruses. Effective stew-
ardship of blood ensuring that several patients potentially benefit from components 
derived from one unit of donated whole blood is important for economic, supply/
demand reasons and to protect the national inventory at times of national blood 
shortage [22]. Blood safety in developing countries can be improved by more 
appropriate use of blood components rather than whole blood transfusion and the 
provision of alternatives such as oral and intravenous iron, erythropoietin, saline 
and colloids to manage anaemic and bleeding patients. This will facilitate the 
optimal use of the limited blood supply. Political will and open-mindedness to 
innovative ways to improve supply, appropriateness, optimal use and safety of blood 
from blood donors are essential to promote more evidence-based approaches to 
blood transfusion practice in sub-Saharan Africa. A recent review on blood transfu-
sion in sub-Saharan Africa highlights the gaps in the area of quality, safety, supply 
and efficacy of blood and plasma products [23]. BCT is evidence-based best practice 
and constitutes effective stewardship in the management of our scarce blood 
resource. BCT allows for targeted therapy and maximum utilization of donated 
whole blood ensuring that several patients potentially benefit from components 
derived from the unit. It makes economic, supply/demand sense to implement BCT 
across the West African sub region- a region where there is high demand, but little 
supply coupled with the challenge of safety of blood and blood products [24, 25]. 
BCT can potentially protect regional inventory at times of national blood shortage 
[20]. Evidence-based clinical decision is crucial in ensuring appropriate transfusion 
practice. Education, training, and competency testing of all healthcare personnel 
involved in the blood transfusion process is vital in ensuring effective and appropri-
ate clinical use of blood and components. In countries across the West African 
sub-region, non-leucodepleted whole blood transfusion thrives rather than 
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component derived from leucodepleted whole blood [26]. Previous report indicates 
that the utility of cryoprecipitate platelet concentrate and other plasma products is 
low in many settings in sub-Saharan Africa. This is often due to multiple factors; 
unavailability due to lack of equipment in NBTS for blood product preparation [27] 
and lack of education and knowledge among physicians on evidence-based best 
practices on blood management principles. Other factors include logistical issues 
and lack of laboratory infrastructure to produce blood components. A previous 
report that investigated the knowledge and practices of physicians on blood compo-
nent therapy in two tertiary hospitals in Nigeria indicated that although majority of 
the physicians have a good knowledge concerning BCT, there is however a knowl-
edge-practice mismatch attributable to the unavailability of the various blood 
components thus limiting optimal practice of BCT [28]. In each country across the 
sub region, the blood collection service should have the technical capabilities and 
financial resources required to facilitate the supply of a range of safe blood products 
adapted to the specific clinical needs in the country, in particular and for labile 
therapeutic cellular components. Use of blood products should rely on evidence-
based clinical practice, a concept which requires a well- structured and operational 
clinical interface between blood establishments and care centres. Transfusion 
committees are an operational tool to monitor and record transfusion epidemiology, 
patient blood management and blood product use within hospitals. A previous 
report that investigated the clinical utility of component therapy in sub-Saharan 
Africa indicated that a total of 40 out of the 43 countries studied reported that they 
have capacity to produce blood components with red cell concentrates being pre-
pared in 35 of the 40 countries while platelets and fresh frozen plasma were pre-
pared in 27 and 30 countries respectively. In most countries in West Africa an 
insignificant proportion of blood collection is separated into components; Benin 
39.2%, Cameroon 2.8%, Burkina Faso 98.4, Central African Republic100, Congo 
20.5, Côte d’Ivoire 86.2, DRC45.0, Sao Tome and Principe 85.2, Senegal 20.5, 
Mauritius 47.6, Gambia0.0, Ghana 2.6, Nigeria 0.0, Guinea 0.4, Madagascar 38.6, 
Mali 30.4, Togo 72.2, Mauritania 100, Niger 7.2, Tanzania 1.7 and Sierra Leone 
0.0 [29]. In Burkina Faso, the blood transfusion centre produces red cell concen-
trates (RCC) from whole blood by centrifugation or simple gravity to meet the blood 
component demand for patients suffering from severe anaemia, such as pregnant 
women and children with malaria [30]. Separating blood into red cell concentrates, 
platelet concentrates, plasma and cryoprecipitate is a tool that can be implemented 
across the West African sub region along with universal leucodepletion and possibly 
virus inactivation treatments. It is vital that the preparation of blood components be 
guided by clinical requirements, especially to prevent unnecessary wastage of 
recovered plasma. One practical way to avoid wasting plasma would require cost-
effective and tightly controlled processing of qualified plasma from throughout the 
West Africa sub region to produce polyvalent and hyperimmune immunoglobulins, 
VIII (to treat patients with haemophilia A and albumin [31]. Fractionation of 
plasma can generate a range of purified, virally inactivated, protein therapeutics 
that can potentially reduce some adverse effects (fevers, chills, transfusion-trans-
mitted infections like CMV, HTLV-1 and 2 as well as prevent volume overload) while 
providing a better treatment for people suffering from haemophilia or immunodefi-
ciency and other diseases that requires plasma derived proteins for the management. 
The plasma derived from blood component can be fractionated to produce various 
Plasma-derived Medicinal Products (PDMPs) of significant economic and thera-
peutic value [32, 33]. The effective implementation of BCT across the West African 
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region is a huge but surmountable technological challenge hindered in many cases 
by the lack of a fit for purpose and structured national blood transfusion service, 
suboptimal number of qualified and skilled health workers, uninterrupted power 
supply challenges and challenge associated with cold-chain management of blood 
components. These challenges, although daunting, is surmountable and will require 
the political will by government of ECOWAS countries working together as a team 
and taking bold steps to implement BCT (Figures 1–6).

Figure 1. 
Donation of plasma by apheresis.



129

Optimizing Blood Transfusion Service Delivery across the West African Sub-Region
DOI: http://dx.doi.org/10.5772/intechopen.108628

Figure 2. 
Cold chain management of blood and blood products.

Figure 3. 
Alloantibody screening and panel cells.

Figure 4. 
Column agglutination technique.
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2.1  Getting cold chain management of blood and blood products right across the 
West African sub-region

Blood transfusion is an indispensable part of modern medicine. The efficient 
and effective use of appropriately stored blood has lifesaving potential. Effective 
transfusion requires the implementation of several integrated strategies for blood 
safety including effective cold chain of blood and blood products. A cold chain is a 
temperature-controlled supply chain of perishable products such as blood, medi-
cines, vaccines that are sensitive to temperature fluctuations and for which a break 
in the cold chain can affect its clinical effectiveness and potentially cause harm to the 
patient. The cold chain for the hospital transfusion laboratory is 24 hours a day, 7 days 
a week and 365 days a year projects that starts from the receipt of the blood from 
the blood centre to the time the unit is transfused to the patients or otherwise dis-
posed. Good Distribution Practice (GDP) requires that optimum storage conditions 

Figure 5. 
Blood products and pharmacologic agent used to manage major haemorrhage.

Figure 6. 
Evidence-based best practice in the management of transfusion-dependent patients.
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are always observed, including during transportation. The ambient temperatures 
should be measured continually (24 hours, 7-days a week and 365-days a year) for 
temperature alarm conditions [34]. The optimum storage temperature for red cell 
concentrate, plasma and platelet concentrate in blood bank refrigerator, freezers 
and platelet incubator are 2–6°C, −35°C and 20–24°C respectively. In countries with 
restricted economies including setting across the West African sub region, the poor 
practice of using domestic refrigerators and freezers for the storage of blood and 
blood components is prevalent [35]. Although generally affordable, they are not 
suitable for blood storage because they are not designed for this purpose. The insula-
tion in domestic fridges and freezers are poor and, in the event of power outage, they 
will not hold temperatures adequately. Furthermore, domestic refrigerators do not 
have temperature monitoring devices, such as audio-visual alarms for temperatures 
outside the set limits for the products being stored. In many settings across the West 
African sub region especially in remote rural areas, hospitals are often dependent on 
fuel-driven generators for their electricity supplies which may be inadequate to meet 
their power needs, particularly the special requirements of blood bank refrigerators 
and freezers that must function round the clock. Frequent power outages sometimes 
for long duration are prevalent in hospitals that are on the national power grid with a 
significant negative implication on the quality, safety and wastage of the scarce blood 
resource. Also, sensitive blood bank refrigerators are often damaged because of power 
surges that are common in many settings across the sub region. One of the main 
reasons of ensuring optimum storage of blood and blood products is to minimize 
the risk of bacterial growth. If blood is kept at temperature higher than the defined 
limit bacteria that have infiltrated into blood during collection from the blood donor 
will quickly grow and proliferate [36, 37]. Also, the suboptimum storage of blood at 
a temperature less than the defined lower limit predisposes the red cell membrane 
to damage, release of the free radical haemoglobin contained in the cytoplasm with 
resultant haemolysis that will increase mortality and morbidity [38]. The transporta-
tion of blood between and within blood banks and hospitals is often dependent on 
the availability of cooler boxes that can maintain temperature over long distances and 
in relatively high ambient temperatures [39]. Across West Africa the use of domestic 
type (picnic) cooler boxes or other containers that are not validated and are not 
reliable in maintaining ambient storage temperature is prevalent. The absence of safe 
validated blood transport boxes can affect the safe movement of blood and blood 
products and compromise the quality and potentially cause harm to the patient [40]. 
Scientific evidence exists that indicates that transfusion of RBC units that exceed-
ing defined temperature is associated with a greater degree of haemolysis and septic 
transfusion reactions [41, 42]. Evidence-based best practice recommend that all boxes 
used for the transport of blood and blood products be validated with documentary 
evidence to show that temperature during storage are ambient [34]. Validation is a 
documented assessment to prove that the requirement for a specific intended use 
is reliably fulfilled. It is evidence-based best practice that validation of all blood 
transport boxes be performed in advance to ensure that transport of components is 
at the right storage conditions and to ensure that the integrity of the blood product 
is not compromised. Also, the need for regular mapping of blood fridges cannot be 
overemphasized. The aim for temperature mapping of blood fridges and freezers is to 
demonstrate by way of documented evidence that the chosen storage area is suitable 
for the optimum storage of temperature sensitive blood and blood products [43]. 
There is also the need for blood transfusion laboratories across the sub region to have 
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back up fridges and freezers where products can be transferred in a timely man-
ner (30 minutes’ rule is not compromised) when the routine fridges and freezers 
malfunctions or are not keeping optimum temperature. The prevailing temperature 
across the West African sub region is high. The time it takes for the temperature of 
blood to rise above +6°C when the power supply to the equipment is cut off or when 
the fridge is left open (holdover time) is dependent on the quality of the insulation of 
the cabinet and the prevailing temperature in the environment. In the West African 
sub region where there is a high tendency to use domestic refrigerators and freezers 
with poorer insulated cabinet for storage of blood and blood product, the challenge 
is even worse. Temperatures in the lowlands of West Africa are high throughout the 
year, with annual means usually above 18°C. In the Sahel, the maximum temperatures 
can reach above 40°C. The hold-over time in these hot environments will likely be 
shorter and could be worse when there are power outages. The hold-over time is 
however less critical for plasma freezers, since plasma are stored frozen at −35°C and 
will usually take about 24 hours before it begins to thaw. Cold chain management of 
blood and blood products is expensive, complicated, comprehensive, and associated 
with several logistical challenges [44]. There is a need for countries in West Africa 
sub region to develop a cost-effective blood cold chain programme that is technologi-
cally appropriate, affordable and accessible at all levels of the health care delivery 
(primary, secondary and tertiary) system. The equipment must meet international 
standards, together with WHO minimum performance specifications and be cor-
rectly used and maintained by all personnel involved. The West African sub region 
is blessed with a vast amount of green renewable energy potential that is adequate to 
ensure a universal access to uninterrupted electricity. Heads of State and Government 
of the Economic Community of West African States (ECOWAS) will need to invest in 
solar energy to enable her to maximize the solar energy potential in the management 
of critical infrastructure including the cold chain management of blood and blood 
products.

2.2  Alloimmunization prevention and antenatal management of pregnant women 
in West Africa

Currently, there are about 400 red blood cell antigens in 33 blood group systems. 
Of these, there are 50 different antigens that have the capacity to cause maternal 
alloimmunization and haemolytic disease of the foetus and the newborn (HDFN). 
The most clinically significant blood group system is the ABO blood group system 
followed by the Rhesus and then Kell blood group system [45]. Of the antigens of 
the Rhesus blood group system the D antigen is the most immunogenic. Individuals 
positive for the Rhesus D antigen are referred to as Rhesus D positive while those who 
are negative are Rhesus D negative. The prevalence of Rh D negative group varies in 
different ethnic populations, with approximately 15.8% of Caucasians, 8% of Blacks, 
and 1% of Asians being RhD negative [46–50]. Alloantibodies are produced because 
of blood group incompatibility between a mum and her developing foetus or because 
of the transfusion of a foreign red cell antigen to a patient. These alloantibodies 
are low molecular weight immunoglobulin G (IgG) that can cross the placenta and 
causing haemolytic disease of the foetus and the newborn (HDFN) as well as haemo-
lytic transfusion reaction (HTR) if the patient is exposed to a red cell antigen in the 
donor unit to which the patient has the group specific alloantibody. About 1.5–2% of 
pregnant show the presence of alloantibodies at booking [51] and a further 0.18% 
of women who had no alloantibodies at booking become immunized and show the 
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presence of alloantibodies at 28-week gestation [52]. Commonly encountered alloan-
tibodies include the Rhesus (Anti-D, anti-C, anti-c, anti-E, or anti-e), anti-K, anti-
Kidd (Jka and b), Duffy (Fya and b) and anti-S. Of all these the most encountered 
are the Rhesus antibodies with anti-D and c predominating [53]. A previous report 
among Cameroonian women of reproductive age has indicated an anti-D prevalence 
of 4% among Rh-negative African women [54]. Evidence-based best practices in 
the management of pregnant women requires the routine antenatal determination 
of the ABO and Rh D group of pregnant women and alloantibody screening during 
antenatal booking. This alloantibody screen facilitates the identification of Rhesus D 
negative women who have developed alloantibodies. Those that are Rhesus D nega-
tive and are previously non-sensitized are enrolled into the routine antenatal anti-D 
prophylaxis (RAADP) program and are universally administered anti- D prophylaxis 
at the 28th-week gestation and a postpartum injection of anti-D within 72 hours of 
delivering an RhD-positive infant. This protects the woman from being sensitized by 
foetal red cells containing the D antigen during the transplacental bleeding that can 
potentially occur during pregnancy or delivery [54, 55].

Transplacental or fetomaternal haemorrhage (FMH) that occur during pregnancy 
or during delivery can predispose the mum to sensitization leading to development 
of anti-D that can cause haemolytic disease of the foetus and newborn (HDFN) in 
subsequent D-positive pregnancies [56]. Also evidenced best practices in the West 
recommend that mass foetal blood group by analysis of cell-free foetal DNA in the 
maternal plasma should be carried out based on the finding that 38% of Rhesus D 
negative women are likely to be carrying an RhD-negative foetus and would receive 
the treatment unnecessarily [57]. There are several advantages associated with 
this practice, firstly, there would be a substantial reduction in the use of anti-RhD 
immunoglobulin, an expensive blood product in short supply. Secondly, women 
with an RhD-negative foetus would be spared unnecessary exposure to this pooled 
human blood product with its associated pain and perceived risk from viral or prion 
contamination. Also, these women can be spared FMH that would have been carried 
out following a potentially sensitizing event that occur during such pregnancy [58]. 
Evidence-based best practice recommend availability of facilities for the determina-
tion of FMH (acid elution method, or the Kleihauer-Betke (KB) or Flow cytometry) 
to enable the quantification of Rhesus D foetal red cells that potentially enters the 
maternal circulation of a Rhesus D negative mother following a potentially sensitiz-
ing event post 20-week gestation or post-delivery of a Rhesus D positive baby. This is 
to enable the administration of the adequate dose of anti-D prophylaxis to be issued 
within 72 hours of the sensitizing event to clear the foetal red cells from the maternal 
circulation and thus prevent the mother from being sensitized to produce immune 
anti-D that can cause HDFN in subsequent D positive pregnancy [59]. Previous report 
indicates that a dose of anti-D of 125iu is required to clear 1 ml of Rhesus D posi-
tive foetal cell from maternal circulation. Implementation of preventive screening 
programs for antenatal care in the West has led to a significant reduction in maternal 
and infant mortality rates to approximately 1 in 7000 compared to 1 in 23 for women 
living in parts of Africa where antenatal care is poor or sometimes non-existent 
[60]. In many settings across the West African sub region these evidence-based best 
practices are often not available. Other challenges include; the absence of universal 
access to anti-D immunoglobulin for the Rh-negative women and following poten-
tially sensitizing events [amniocentesis, cordocentesis, antepartum haemorrhage, 
vaginal bleeding during pregnancy, external cephalic version (ECV), abdominal 
trauma, intrauterine death and stillbirth, miscarriage, and therapeutic termination 
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of pregnancy (TOP)] [61, 62], unaffordability of anti-D prophylaxis [62, 63], lack 
of facilities for alloantibody screening and identification during antenatal booking 
[64, 65], lack of alloimmunization prevention during illegal abortions and poor 
documentation [66]. Knowledge of anti-D prophylaxis among biomedical scientist, 
obstetricians, pharmacists, midwives, nurses, and traditional birth attendant across 
the West African sub region needs to be improved [67]. This will facilitate quality 
antenatal and postnatal care to be offered to Rh-negative pregnant population as well 
as pregnant women with alloantibodies and improve perinatal outcomes.

2.3  Paradigm shift from convention tube method to column agglutination 
technique and automation in blood transfusion service delivery in the West 
African sub-region

Over the years, the conventional test tube (CTT) was being used for pre-transfu-
sion testing [ABO and Rhesus D blood group, Direct antiglobulin test (DAT) alloanti-
body screen and identification and compatibility testing]. However, recent scientific 
development in the field of transfusion has led to the discovery of semi-automated 
and fully automated equipment using Column agglutination technology (CAT) 
[68]. This technique often includes the use of column agglutination-based cards, 
centrifugation, and incubation. Larger laboratories are moving towards automation 
of all the hitherto manual techniques using CTT. The advantages of these automated 
techniques include elimination of human associated errors, reduction in the risk of 
exposure to bio-hazardous samples, allows for better traceability, reliability, improved 
turnaround time (TAT) and throughput [69–71]. The principle of the CAT is based on 
the sieving effect of glass microspheres and gel of agglutinated red cells while allow-
ing non-agglutinated cells to filter to the bottom. In principle, the test is performed 
in a micro column in which red blood cells containing red cell antigens suspended 
in low ionic strength saline and serum-containing antibodies are pipetted into the 
microtubes, incubated, and then centrifuged. RBC agglutinates are trapped in the 
glass bead matrix during centrifugation and the non-agglutinated cells form a pellet 
at the bottom of the column. The gel or glass microspheres within each column act as 
a sieve, trapping agglutinated red cells and allowing non-agglutinated red cells to pass 
through the pores of the gel or glass microspheres to the bottom of the column. A pre-
vious report indicated a sensitivity and specificity of 100% with CAT and concluded 
that the gel technique is better and should be introduced as a replacement to the CTT 
[72]. The CAT has several advantages compared to the CTT [73]. The antiglobulin 
testing used for the detection of clinically significant red cell antibodies can be 
performed using the CAT card impregnated with AHG without the need to wash with 
the CTT thus eliminating the potential errors associated with suboptimal washing 
and potential neutralization of anti-human globulin (AHG). Other advantages of this 
techniques over the CTT is that it allows for the detection of Ig and complement in 
diagnosis of HDFN, it can be used for ABO, Rh, Kell phenotype, DAT, ABs screen and 
XM, it is paediatric friendly as only a small quantity of cells and serum is required, no 
washing is required as in CTT, it is not subjective and the results are clear and read-
able and does not require a microscope, it is easy to automate, the risk of miss-up is 
minimal, it is more sensitive and specific and can detect weaker antibodies, it reduces 
the turnaround time to make compatible units available, result is standardized and 
can be automated [74–77]. The CAT, although more expensive than the CTT, has 
several advantages. Many Blood transfusion laboratories across the West African sub 
region still rely on the less sensitive CTT. It is highly recommended that government 
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of West African countries should implement the CAT for routine pretransfusion test-
ing across the region to enhance the quality of blood transfusion service delivery.

2.4  Implementing evidence-based best practices in the management of major 
haemorrhage across the West African sub-region

Haemorrhage from post-traumatic bleeding, intra and post-operative, gastrointes-
tinal, ante and post-partum remains a leading cause of potentially preventable death 
particularly in the West African sub region. Major haemorrhage is defined as: loss of 
more than one blood volume within 24 hours (around 70 mL/kg, >5 litres in a 70 kg 
adult), loss of 50% of total blood volume in less than 3 hours and bleeding more than 
150 mL/minute [78]. Experience has shown that early recognition and intervention is 
critical for survival. In major haemorrhage situation the immediate priorities include 
prompt arrest or control of bleeding (use of surgical and interventional radiology), 
ensure optimum tissue perfusion by transfusing red cells concentrate and maintain-
ing optimum blood volume to prevent hypovolaemic shock. A protocol-driven 
multidisciplinary team approach involving trained, and competency tested major 
stakeholders (medical, anaesthetic, surgical, transfusion staff and porters) reinforced 
by clear and effective communication between clinicians, transfusion laboratory and 
porters. Availability of safe, adequate, and promptly delivered blood components is a 
key factor in the effective management of MH. Major obstetric haemorrhage (MOH) 
is prevalent and is a leading cause of maternal mortality accounting for one-third of 
maternal deaths in Africa [79]. Sub Saharan Africa ranks first in the incidence of 
maternal mortality globally [80]. Postpartum haemorrhage (PPH) is a common factor 
responsible for 30 to 50% of Maternal mortality in sub-Saharan Africa [81]. PPH is 
defined as blood loss ≥500 mL during vaginal delivery and ≥ 1000 mL during 
caesarean section [82]. It is advocated that low income developing countries can 
reduce PPH related mortality by approximately 30% if the antifibrinolytic agent 
(tranexamic acid) is administered promptly at the commencement of bleeding [83]. 
This treatment is simple and relatively inexpensive and can have a significant effect of 
survival of women in the West African region [84]. There are several factors that 
complicates the effective management of haemorrhages (ante- and post-partum) in 
pregnant women across west Africa; medical records are often incomplete and does 
not have information on haemorrhage risk and past haemorrhage-related risk associ-
ated with patients, absence of routine coagulation test to identify patient that are 
coagulopathic and are prone to bleeding, absence of blood and products (red cell 
concentrate, fresh frozen plasma, cryoprecipitate and platelet concentrate), pharma-
cologic (vitamin K, Prothrombin complex concentrate, tranexamic acid) and non-
pharmacologic (surgical and explorative) measures to management haemorrhage, 
poor management of bleeding- related anaemia in an environment of pre-existing 
anaemia, timely access to emergency interventions, availability of trained healthcare 
staff, financial and infrastructural factors, absence and lack of awareness of massive 
transfusion and major haemorrhage protocols, poor collaborations and communica-
tion between local teams responsible for the management of haemorrhage (haematol-
ogy, blood banking, obstetrics and porters), suboptimal training of obstetricians, 
nurses, anaesthetists and other relevant health workers on the evidence-based 
management of obstetrics haemorrhage especially in rural clinics [85–90]. The three 
main causes of major obstetrics haemorrhage (MOH) are placental abruption, 
complications during or after Caesarean Section (CS) and uterine atony [91]. The 
availability, appropriate cold chain management and appropriate and consistent use 
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of oxytocin as an effective, affordable, and safe drug of first choice in the prevention 
and treatment for Post-Partum Haemorrhage (PPH) particularly in the third stage of 
labour is advocated [92]. The biggest obstacle to oxytocin quality is storage and 
handling before patient use. The storage condition of oxytocin has been widely 
reported as inappropriate. Oxytocin is a heat-sensitive medicine and should be kept 
between 2 and 8°C. Challenges associated with the effective use of oxytocin in 
developing countries include procurement issues, poor supply chain, logistics, 
suboptimal cold chain management during transport and storage and lack of stable 
electricity). There is need to optimize the haemorrhage management training for all 
stakeholders involved in the management of obstetric haemorrhage across the West 
African sub-region as a way of significantly reducing the detrimental effects of 
obstetric haemorrhage in the sub-region. Correction of pre-existing anaemia among 
pregnant women should be incorporated in the strategy for preventing deaths from 
PPH across the sub region. An enabling environment (human and infrastructural) 
needs to be created across the sub-region in urban and rural areas that facilitate 
regular attendance to antenatal clinics to curb the attendant dangers associated with 
home deliveries. The need to optimize the number of skilled birth attendants (SBA) 
and community midwives cannot be overemphasized. Government of West African 
states must take objective, strategic and effective steps to ensure the prevention, early 
diagnosis and improved clinical management of MOH in furtherance of achieving the 
Sustainable Development Goals aimed at reducing maternal mortality. Every minute 
of every day a woman dies from complications of pregnancy or childbirth with about 
99% of deaths occurring in the developing world [93–95]. The maternal mortality 
ratio of sub-Saharan Africa is more than a hundred times that of the UK with haemor-
rhage not only accounting for approximately 30% of cases but also the leading cause 
of maternal death worldwide [96, 97]. PPH is the leading cause of maternal deaths in 
individual countries in Africa and collectively on the continent [98, 99]. Major 
haemorrhage protocols (MHP) were introduced to improve the speed and consistency 
of delivery of red blood cells (RBCs) and other blood components to severely haem-
orrhaging patients and have been shown in several observational studies to improve 
outcomes, including mortality providing a clear framework to facilitate a co-ordi-
nated response by a large multi-disciplinary team during the critical time of bleeding 
[100]. Blood components (red cell concentrate, fresh frozen plasma, cryoprecipitate 
and platelet concentrate) can play a role in the management of coagulopathy, dissemi-
nated intravascular coagulation and thrombocytopenia. For immediate transfusion, 
group O red cells should be issued after samples are taken for blood grouping and 
crossmatching. Females less than 50 years of age should receive RhD negative red cells 
to avoid sensitization. The use of Kell negative red cells is also desirable in this group. 
Group O red cells must continue to be issued if patient or sample identification is 
incomplete or until the ABO group is confirmed on a second sample according to local 
policy. The higher ratio of Fresh Frozen Plasma (FFP): Red blood cells (RBC) is 
associated with reduced mortality in a major haemorrhage [101, 102] with FFP 
providing a source of coagulation factors necessary for thrombin generation in the 
early phase after injury [103]. Cryoprecipitate or fibrinogen concentrate are a good 
source of fibrinogen. Fibrinogen is critical for effective haemostasis in MOH. Low 
fibrinogen level is an independent predictor of mortality as well as bleeding [104–
106]. Coagulation is also impaired by hypothermia, acidosis and reduced ionized 
calcium (Ca2+) concentration [107]. Evidence-based best practice indicates that an 
early and individualized goal-directed treatment improves the outcome among 
severely injured and bleeding patients [108]. The aim of treatment in major 
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haemorrhage is to rapidly and effectively restores adequate blood volume, prevent 
hypovolemic shock, allow for adequate haemostasis, optimize the oxygen carrying 
capacity and blood biochemistry to allow for an early and aggressive correction of 
coagulopathy, allow for optimal resuscitation and to reduce potentially preventable 
deaths [109]. The recombinant activated factor VII (FVII, rFVIIa, FXIII), prothrom-
bin complex concentrates (PCC) and antifibrinolytics (tranexamic acid, epsilon 
aminocaproic acid and aprotinin) have been used for the management of traumatic 
bleeding [110] and found to produce a reduction in RBC use but not necessarily 
improvement in mortality. More recently, viscoelastic assays (rotational thromboelas-
tometry – ROTEM or thromboelastography– TEG) have been advocated [111]. Early 
recognition of a coagulopathy and subsequent monitoring is vital to both initiate and 
maximize resuscitation therapy. Massive transfusion guidelines use laboratory tests 
such as prothrombin time (PT), activated partial thromboplastin time (APTT) and 
fibrinogen to monitor major haemorrhage and guide blood component replacement 
[112]. Targeting coagulopathy alongside changes to surgical and anaesthetic practices 
(damage control surgery/damage control resuscitation) has led to a significant 
reduction in mortality rates [113]. The transfusion of large volumes of red cells and 
other intravenous fluids that contain no coagulation factors or platelets causes 
dilutional coagulopathy and hyperfibrinolysis). Non-blood components and non-
pharmacologic measures to manage major haemorrhage include; direct pressure/
tourniquet if appropriate, stabilization of fractures, surgical interventions (damage 
control surgery, interventional radiology, use of endoscopic and obstetrics techniques 
and thromboelastometry [114, 115]. Government of West African States will need to 
implement evidence-based best practices; implementation of major haemorrhage 
protocols, availability of coagulation testing to diagnose coagulopathy and to provide 
evidence-based indication for blood products to manage coagulopathy. 
Thromboelastometry, use of tranexamic acid and other relevant pharmacologic 
agents required to effectively manage coagulopathy and fibrinolysis is advocated 
along with the implementation of component therapy in a bid to reduce the incidence 
of preventable major haemorrhage-related death in the sub-region.

2.5  Optimizing screening for transfusion transmissible infections (TTI’s) in the 
West African sub-region

Safe appropriately screened and clinically indicated blood transfusion saves lives 
and improves the quality of life and life expectancy of millions of patients globally 
[116]. However, donor blood that has not been properly screened is an important 
mode of transmission of TTI’s including HIV, hepatitis B, hepatitis C and syphilis and 
other transfusion-transmissible infections [117]. Also, these infections can also be 
transmitted through several different routes; sexual contact, injection practices and 
cosmetic treatments and rituals (piercing, tattooing, scarification, injections with 
collagen or botulinum toxoid (botox), electrolysis and semi-permanent make-up). 
Strict donor selection criteria minimize the risk of transmission of infections from 
blood donors to recipients [118]. Transfusion safety begins with the recruitment of 
healthy voluntary non-remunerated blood donors. A fundamental part of prevent-
ing TTI is to notify and counsel reactive donors. Donor notification and counselling 
protect the health of the donor, prevent secondary transmission of infectious diseases 
to sexual partners, reduces risk of vertical transmission and provide feedback about 
the effectiveness of donor selection procedures such as pre-donation education 
and medical history [119]. There is need for government of West African States to 
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implement WHO recommendation to implement holistically across the sub region 
and as a minimum the screening of all blood donations for TTIs [Viral (HBV, HCV, 
HIV), Bacteria (syphilis) or Protozoan (malaria)]. The screen of all blood donations 
should be mandatory using the following markers as a minimum requirement; HIV-1 
and HIV-2 (a combination of HIV antigen-antibody or HIV antibodies); Hepatitis B 
(hepatitis B surface antigen (HBsAg); Hepatitis C (a combination of HCV antigen-
antibody or HCV antibodies) and Syphilis (Treponema pallidum pallidum): screening 
for specific treponemal antibodies [120]. Although screening of blood donors is 
a way to potentially reduce the risk of transmission of TTI’s to recipient, however 
screening process alone irrespective of how high-quality the assays and systems, 
cannot eliminate the risk of the donor being in the window phase of infection, failure 
due to assay sensitivity or testing errors. Also, there is the possibility that a blood 
donor may be infected with an infectious agent for which donations are not routinely 
screened. Other factors to consider include the timing of infection, the length of the 
window period (time between exposure to an infective agent and the first detection 
of a defined marker of infection), the incubation period (time between exposure to 
an infective agent and the onset of associated symptoms). Screening of blood donors 
must be implemented as an adjunct to effective donor selection process to further 
enhance blood transfusion safety. Blood donor selection is the first crucial step in 
the process of ensuring blood safety as it helps to significantly reduce risk through 
the deferral process prior to donation, of individuals with identified risks that may 
be associated with infection [121, 122]. A fundamental part of preventing TTIs is 
to notify and counsel reactive donors. Donor notification and counselling protect 
the health of the donor and prevent secondary transmission of infectious diseases 
[123]. Although transmissions of viruses (HIV-1 and HCV) had occurred as late as 
2009 due to nucleic acid testing (NAT) failures because of low level of viraemia and/
or suboptimal amplification efficiency [124]. Blood transfusion is safer now than 
it has ever been through the implementation of evidence-based best practices and 
continuous improvements in donor recruitment, screening, testing of donated blood 
using increasingly sensitive and specific assays and by implementing appropriate and 
safe clinical use of blood [125]. Serologic testing for TTI’s had historically been the 
foundation of blood donor screening, while newer strategies like nucleic acid testing 
(NAT) have helped to further shorten the challenge of the window period and by 
extension enhance blood safety [126]. Currently, no technology exists to completely 
detect all window period donations. No matter how sensitive NAT becomes, we may 
never be able completely eradicate the risk of exposure-to-seroconversion window 
period. An ambitious policy for the collection of 100% of blood from safe voluntary 
non-remunerated donors who donate blood out of altruism should be implemented 
universally across the sub-region. There is the urgent need for the implementation of 
the use of the more sensitive NAT testing for transfusion transmissible viral infection 
across the West African sub region to reduce the risk of potentially introducing donor 
blood in the window phase of infection and to further improve blood safety. Donors 
should universally undergo pre-donation counselling to educate them about the risk 
of infections and the window period. There is an urgent need to formulate a sub-
regional policy guideline for notification of all reactive blood donors.

2.6 Changing the narrative about blood donation in the West African sub-region

Urgent concerted efforts are needed in the West African sub region to cor-
rect the blood supply deficit and increase the pool of voluntary non-remunerated 



139

Optimizing Blood Transfusion Service Delivery across the West African Sub-Region
DOI: http://dx.doi.org/10.5772/intechopen.108628

blood donors. This is expected to significantly improve blood transfusion safety 
and positively impact the health indices in the sub region [126]. The World Health 
Assembly in its resolution WHA.63.12 recommended that all countries begin to 
use only voluntary, non-remunerated blood donors (VNRDs) [127]. The WHO has 
consistently emphasized blood sourcing from VNRDs, due to their markedly reduced 
chances of harbouring and transferring TTIs [128]. This recommendation has been 
reiterated and supported by an increasing body of evidence from researchers in the 
sub region [129–131]. Unfortunately, several studies in Nigeria in the last couple of 
years have shown that VNRDs constituted a small fraction of the blood donor pool, 
this obviously has serious implications for transfusion safety [132, 133]. A previ-
ous report [134] chronicled the social demographic information of blood donors in 
sub-Saharan Africa and reported that commercial blood donors were all males while 
the median ages of voluntary and family donors were 18 years and 30 years, respec-
tively. Similar studies in Nigeria had equally identified a male dominated donor pool 
as well as young adults as the predominant donor age group [135]. Unfortunately, 
this age distribution has also been associated with the highest carriage rates of TTIs 
(arising most probably from increased involvement in high-risk sexual behaviours 
and experimentation). This factor poses a huge challenge to the subcontinent’s efforts 
towards attaining blood transfusion safety [136]. VNRD are the safest because they 
are altruistic and have the highest tendency to self-deferral when they are exposed to 
a risk of contracting TTIs. In SSA, most blood donors are family replacement donors 
[137]. Mauritius is one good example nation in the sub-Saharan Africa that has done 
remarkably well with implementation of the guidelines. About 86.2% of the blood 
donors in that country were VNRDs as of 2016. Mauritius has also embarked on use 
of nucleic acid testing as opposed to enzyme-linked immunosorbent assay (ELISA) 
that was previously in use and since 2010 has embarked on aphaeresis method of 
blood collection and separation. These developments have made transfusion medi-
cine in Mauritius very safe [138]. Government of countries across the West African 
sub-region will need to learn from the excellent practice in Mauritius by investing 
significantly in education, mass mobilization and campaign to facilitate a significant 
increase in the number of voluntary blood donors in a bid to bridging the wide gap 
between demand and supply of blood and blood product as well as enhance blood 
transfusion safety across the sub-region.

2.7  Universal leucodepletion of blood and blood products and prevention of 
development of anti- leukocyte antibodies

The average content of leucocytes in donated human whole blood is 109/unit. 
Leukoreduction is the reduction to ≤1 × 106 or < 5 × 106/ leucocytes per unit after 
preparation and with a minimum of 85% of red cells still retained [139, 140]. Clinical 
evidence indicates that the risk of non-haemolytic febrile transfusion reactions is 
significantly reduced by leucodepletion. This procedure prevents alloimmunization 
to HLA antigens in transfusion-dependent patients [141]. Leucocyte antibodies due 
to alloimmunization by a foreign HLA antigen can cause febrile transfusion reaction 
in subsequent transfusion involving HLA and granulocyte specific antigens [142]. 
Leucocyte depletion can be achieved by using filters (cotton, cellulose acetate etc.), 
apheresis, red cell washing, buffy coat removal after centrifugation and freezing and 
subsequent glycerol removal of red cells [143]. Leucodepletion of donor blood using 
leucodepletion filters is considered the threshold for reducing the risk of alloimmu-
nization against leucocyte antigens and potentially eliminating transfusion reaction 
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associated with leucocyte antibodies. The importance of transfusion of leucodepleted 
blood products cannot be over emphasized. Apart from reducing the incidence on 
non-haemolytic febrile transfusion reaction, it reduces the risk of alloimmunization 
to platelet antigens that can predispose patients to develop platelet antibodies and 
becoming refractory to platelet transfusions (critical for MDS and aplastic anaemia 
patients who requires long- term platelet). It also significantly reduces the risk of 
transmission of variant Creutzfeldt Jacobs Disease (vCJD) and Cytomegalovirus 
(CMV) infection. Leucocytes is vector of CMV, HTLV-I/II, EBV & other viruses that 
can potentially to infection particularly in neonates, pregnant women, HIV patients 
and organ transplant patients. Leuko reduction is also associated with reduction in 
the risk of transfusion associated graft versus host disease (TA-GVHD) in immu-
nocompromised patients [142]. Leucocytes in whole blood are believed to have 
immunomodulatory effects that can potentially influence the prognosis of patients 
with malignancy, increase the risk of post-operative infection and HIV progression 
[20]. Government of West African countries need to implement a policy on universal 
leucodepletion of all blood and blood products transfused across the sub region. 
This has the potential to prevent primary alloimmunization to HLA antigens and its 
attendant negative effects and make transfusion safer.

2.8  Optimum management of transfusion dependent patients across the West 
African sub-region

Transfusion dependence (TD) is a term that usually describes patients receiving 
regular red cell concentrate and/or platelet concentrate transfusions more frequently 
than every 8 weeks due to persistent anaemia and thrombocytopenia. Regular trans-
fusion of red cells and platelets are required in these patients to reduce the symptoms 
of anaemia and thrombocytopenia by increasing the number functional red cells 
and platelets in the recipient’s circulation. Various diseases can lead to transfusion-
dependency, most notably myelodysplastic syndromes (MDS), aplastic anaemia and 
thalassemia). Platelet transfusion is clinically indicated in thrombocytopenic patients 
with chronic bone marrow failure including patients on low dose oral chemotherapy, 
to manage patients with chronic bleeding of WHO grade 2, above, or as prophylaxis 
for patients with low platelet count who are going for invasive procedure that is 
associated with bleeding [144]. The wellbeing and the quality of life of TD patients 
across the West African sub region can be optimized by the radical implementation of 
evidence-based best practices; blood intended for TD patients should be sourced from 
regular voluntary non-remunerated blood donors; unit should be universally leucode-
pleted, appropriately screened used sensitive assays and technology to reduce the risk 
of transfusing donor blood in the window phase; extended red cell phenotyping must 
be implemented for Rhesus (C, c, E, e) and Kell as a minimum; patients should be 
transfused ABO, Rhesus and Kell antigen compatible unit; effective pre-transfusion 
testing including alloantibody screening and a full IAT cross-match particularly for 
patients with history of alloantibodies as well as implementation of the use of chelat-
ing agent to reduce the iron overload related challenges in these patients [145]. Single 
donor apheresis platelets offer several advantages over random pooled platelets, 
including the potential for crossmatching, reduction in net donor exposures, main-
tenance of ABO-compatibility, improved inventory management, diminished rate 
of alloimmunization and better platelet increments in the recipient [145]. The use of 
apheresis platelets in TD patients can prevent the incidence of platelet refractoriness 
often associated with poor post-transfusion platelet increments resulting from the 
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presence of platelet alloantibodies. Evidence-based best practice in preventing alloim-
munization to platelet antigens is limiting recipients’ exposure to human leukocyte 
antigen specificities by using single-donor apheresis platelets, filtration to reduce the 
number of human leukocyte antigen-bearing leukocytes as well as pre-transfusion of 
gamma irradiation to decrease platelet antigen immunogenicity [146]. Transfusion 
dependent patients who require platelet transfusion on a regular basis should ideally 
be transfused apheresis rather than pooled platelets. The advantages are numerous; 
reduction of donor exposures may decrease the risk of TTIs as well as reduce the risk 
of developing alloimmunization to foreign platelet antigens in the pooled platelets. 
The platelet yield from apheresis unit is 6 times higher than from pooled platelets and 
other transfusion-related complications [2]. Evidence-based best practice from the 
developed economies recommend the determination of extended phenotyping for 
TD patients at a minimum for the most clinically significant blood group antigens; 
Rhesus (C, c, D, E, e) and Kell and where feasible a full red cell phenotype/geno-
type panel for all clinically significant red cell antigens. For non-transfusion naïve 
patients, molecular testing rather than serologic testing is indicated. These patients 
should ideally receive as a minimum requirement ABO, Rhesus (C, c, D, E, e) and 
Kell compatible red cell product. The aim of this best practice is to reduce the risk of 
alloimmunization against these clinically relevant red cell antigens [147]. Government 
of West African States need to urgently develop policies, guidelines as well as promote 
the implementation of evidence-based best practices that will enhance the manage-
ment of TD patients and reduce morbidity. Extended phenotype should be carried out 
prior to commencement of transfusion therapy to ensure that they receive clinically 
significant antigen negative donor blood that can commonly cause alloimmunization 
in a particular population. Extended red cell typing is required for the management 
of TD patients to confirm the identity of suspected alloantibodies or determine the 
specificity of potential additional antibodies that may be formed in the future [148]. 
Effective pretransfusion testing including alloantibody screening, panel testing for 
those whose alloantibody screen is positive and crossmatch of antigen negative units 
using appropriate technologies (IAT and column agglutination technique) should 
be implemented universally across the sub region. TD patients who require platelet 
transfusion on a regular basis should ideally be transfused apheresis instead of pooled 
platelets.

2.9  Best practices in pre-operative planning and management of the transfusion 
needs of patients

There are certain priorities in meeting the blood transfusion needs in surgical 
patients; the need for pre-operative optimization of the haemoglobin level (manage-
ment of anaemia), pre-operative management of coagulopathy and bleeding predis-
position to minimize blood loss intraoperatively and post operatively and avoidance 
of unnecessary transfusion post operatively [149]. In patients scheduled for elective 
surgeries, it is critical that blood management is planned even before a patient is 
referred for surgery at the primary care levels working collaboratively with the pre-
operative assessment clinic at the hospital. A full blood count should be done at least 
6 weeks prior to surgery. If anaemia is identified, effort should be made to identify the 
cause of anaemia (iron deficiency, chronic kidney disease) and remedial action taken 
to treat the anaemia and potentially optimize the haemoglobin level using phar-
macologic alternatives like oral, IV iron, erythropoietin and in some cased red cell 
transfusion. Patients who are anaemic pre-operatively are more likely to be transfused 
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with allogenic blood [150]. Evidence has shown that pre-operative anaemia is an 
independent risk factor for increased morbidity and mortality in surgical patients 
[151]. In patients with severe anaemia and acute coronary syndromes red cell transfu-
sion is a significant predictor of mortality (there is need to optimize tissue (perfu-
sion to vital organs) when the use of pharmacologic agent will not produce a timely 
optimization of haemoglobin of the patients). Also, the preoperative assessment 
clinic should also be able to identify patients who are going for significant bleed prone 
surgery and those with increased risk of bleeding (patients with liver disease, those 
on anticoagulants therapy like warfarin, low molecular weight heparins (LMWHs) 
and direct oral anticoagulants like dabigatran, apixaban and rivaroxaban as well as 
those on antiplatelet therapy like clopidogrel or aspirin for whom remedial actions 
such as use of prothrombin complex concentrate (PCC), antifibrinolytic agents, 
fibrinogen concentrate, fresh frozen plasma, cryoprecipitate, platelet concentrate 
and temporary withdrawal of haemorrhage prone medication where possible and safe 
[152, 153]. Patients going for bleeding prone elective surgeries can be identified who 
potentially can be candidates for Pre-deposit autologous donation (PAD). This is vital 
particularly in patients who do not accept allogenic blood transfusion based on their 
religious beliefs, patients that have a rare blood group and those that have alloanti-
bodies against a high incidence antigen for which it may be difficult to source blood 
for transfusion [154]. It is evidence-based practice to evaluate patient predisposition 
(coagulopathic status) to bleeding prior to surgery. This is vital to possibly take reme-
dial actions prior to surgery in a bid to minimize significant blood loss during surgery. 
Basic laboratory testing includes determination of international normalized ratio 
(INR), activated partial thromboplastin time (APTT) and fibrinogen levels (FIBC). 
Patients with INR and APTT ratio > 1.5 as well as fibrinogen level < 1 g/L are at a high 
risk of bleeding during surgery [155]. The results of these laboratory test will provide 
justification to take remedial steps to correct identified coagulopathic status and clini-
cally indicated pharmacologic (antifibrinolytic agents like tranexamic acid, vitamin 
K, prothrombin complex concentrate, fibrinogen concentrate) or management with 
blood products (FFP, cryoprecipitate and platelet concentrate). It is also vital to 
identify patients that can potentially benefit from blood-sparing techniques like acute 
nomovolaemic haemodilution (ANH) and perioperative cell salvage (PCS) [156, 157]. 
It is evidence-based best practice to ensure that patient scheduled for surgery has pre 
transfusion test for the ABO, Rh D group and alloantibodies screen and that patient 
meet the 2-sample rule (patients’ blood group and alloantibody screen must have 
been tested on 2 samples taken from two separate venipuncture by two different clini-
cal staff at least a minimum of 15 minutes apart to ensure we have a confirmed group 
on the patient). By the implementation of this best practice, we can identify patients 
with rare blood groups and those with alloantibodies for which efforts has to be made 
in advance to identify the alloantibodies present as well as source antigen negative 
donor units and possibly crossmatch the units prior to surgery. This is to ensure timely 
provision of blood if patients begin to bleed intraoperatively or post operatively [158]. 
It is best practice that we are avoiding unnecessary transfusion post operatively by 
being conservative and not liberal by the evidence-based use restrictive transfusion 
triggers ensuring individualized management to prevent unnecessary transfusion 
particularly in patients that are haemodynamically stable while ensuring safety and 
effectiveness [159, 160]. This can mean utilizing blood test and presence of symptoms 
to minimize blood loss and prevent unnecessary transfusion, use of endoscopic 
radiology and sealants to minimize blood loss, use of post-operative cell salvage and 
reinfusion if clinically indicated and use of pharmacologic agents (oral or IV iron, 
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and erythropoietin) to optimize the haemoglobin level of patients post operatively 
and by so doing achieve a reduction in exposure to allogenic blood [161–165]. Patient 
blood management (PBM) in surgical patients is important for a number of reasons; 
to optimize the patient’s erythropoiesis and haemoglobin level, minimizing blood loss 
in the patients intra and post-operative and optimizing and exploiting the patients 
physiological reserve to ability to tolerate anaemia [166]. Many of these best practices 
are not being implemented in many settings across the West African sub region. This 
is often the cause of suboptimal management of surgical patients in the subregion 
that is responsible for preventable deaths from haemorrhage. Government of West 
African nations will need to implement evidenced best practices to ensure the opti-
mum management of surgical patient, reduce the need for unnecessary transfusion 
and facilitate the optimum utilization of our limited allogenic bloodstock.

3.  Evidence-based management of rhesus negative pregnancy and patients 
clinically significant alloantibodies

Human red blood cells carry many antigens on their surfaces. The most important 
of these antigens belong to the ABO system and the Rhesus (Rh) blood group system. 
The D antigen is the most important antigen of the Rhesus system. People with the 
Rhesus D (RhD) antigen are referred to as RhD positive, and those without it as RhD 
negative. A baby inherits its blood type from both parents. Therefore, a mother who 
is RhD negative can carry a baby who is RhD positive. During pregnancy, because 
of trans placental bleeding, a small amount of foetal blood can enter the maternal 
circulation [an event called feto-maternal haemorrhage (FMH)]. The presence of 
foetal RhD-positive cells in mum’s circulation can sensitize the mum triggering an 
immune response leading to the production of alloantibodies against the RhD antigen 
(anti-D antibodies). This process is called sensitization or alloimmunization. There 
are over 600 red cell antigens, which are separated into 30 blood group systems. The 
presence or absence of these antigens in an individual is important, because they 
determine the type of blood that should be given if they require a red cell transfusion. 
If a woman is exposed to red cells containing a foreign red cell antigen which they 
themselves lacks, it can trigger an immune response leading to the formation against 
the foreign red cell antigen. Such an antibody can cause extravascular and/or intra-
vascular haemolysis when the recipient is subsequently exposed to the same antigens. 
Antibodies can either be allo (antibody to an antigen that an individual lacks) or 
autoantibodies (antibody to an antigen a person has). Alloantibodies are formed 
in response to pregnancy (blood group incompatibility between the mum and her 
developing foetus), transfusion (donor red cell containing antigens that are foreign 
to the recipient), or transplantation (graft containing antigens that are foreign to the 
recipient). Alloimmunization resulting in the development of one or more clinically 
significant red cell, leucocyte and platelet antibodies is a vital complication in chroni-
cally transfused patients [167–170]. Multiple red cell transfusion could predispose 
to the formation of clinically significant titres of lytic antibodies, which may cause 
haemolytic disease of the foetus and newborn (HDFN) or haemolytic transfusion 
reaction (HTR). Patients with haemoglobinopathies and other TD patients that 
require regular blood transfusions are particularly at a higher risk of sensitization and 
development of red cell alloantibodies [2, 171]. The magnitude of red cell sensitiza-
tion in Nigeria was highlighted in the independent reports by Ugwu and Colleagues 
(Benin City, Midwestern Nigeria) [172], Kangiwa and Colleagues (Enugu, Southeast 
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Nigeria) [173], and Jeremiah and Colleagues (Port Harcourt, South-South Nigeria) 
[174] in which prevalence rates of 9.3, 18.7, and 3.4%, respectively were observed in 
multiply- transfused patient populations. The presence of these alloantibodies may 
cause a delay in selecting compatible blood products. Countries in the West African 
sub region tend to have multiple- ethnic groups, race and genetic heterogeneity. Such 
multi-ethnic populations are prone to having racial variation in the red cell antigen 
spectrum that are prevalent with attendant wide variation in commonly identified 
alloantibodies [65, 175]. Other common factors that facilitate alloantibody formation 
in persons include: the immune competence, the dose of the antigen the person is 
exposed to, the route of exposure and how immunogenic the foreign antigen is [176, 
177]. Evidence-based best practice in the developed economies requires that alloan-
tibody testing is carried out routinely on all pregnant women presenting to antenatal 
clinic at booking as well as all patients in whom a red cell transfusion is clinically 
indicated. The intent of this test is to detect the presence of unexpected red cell 
antibody in the patient’s serum [178, 179]. Once these antibodies are detected during 
the alloantibody screening, every effort must be made to identify the specificity of the 
alloantibody by doing a panel test. The purpose of the panel test is to; facilitate the 
identification of the alloantibody, determine whether the antibody can potentially 
cause HTR (to allow for the selection of antigen negative red cells for crossmatch) of 
HDFN (to allow the monitoring of the titre or quantification of the antibody every 
4 weeks from booking until 28 weeks’ gestation and every 2 weeks thereafter until 
delivery) [180]. The monitoring of the titre or quantification of the antibody helps to 
determine to what extent the developing foetus is affected by HDFN, to monitor the 
baby for anaemia along with Doppler ultrasound determination of the peak systolic 
velocity of blood through the median cerebral artery, determine whether the baby 
will require intrauterine transfusion (IUT) and to enable the obstetricians make an 
informed decision to possibly deliver the baby earlier. These evidence-based best 
practices are not yet completely implemented in many settings in the West African 
sub region. Testing of pregnant women and donors for other clinically relevant red 
cell antigens other than ABO and Rhesus D is not routinely carried out. Also, donor 
units particularly those intended for transfusion to pregnant women and neonates are 
also not routinely screened for other blood borne transmissible diseases such as CMV, 
Hepatitis E virus and others like it is routinely done in more advanced countries of the 
world.

The clinically significant antibodies are those antibodies that are active at 37°C 
and/or detected by the indirect antiglobulin (IAT) test. Nine blood group systems 
(ABO, Rhesus, Kell, Kidd, Duffy, MNS, P, Lewis, and Lutheran) are clinically sig-
nificant as these are known to cause HTR and HDFN. These antibodies are caused 
predominantly by maternal alloimmunization to blood group antigens expressed by 
foetal red blood cells. In severe cases, it may result in foetal anaemia with increased 
risks of foetal death, severe neonatal hyperbilirubinaemia, and kernicterus, jaundice, 
intellectual retardation, premature birth, abortion, and stillbirth. Most severe cases 
of HDFN were attributed to Rh(D) incompatibility between a Rh(D)-negative woman 
and her Rh(D)-positive foetus, with Rh(D) alloimmunization having occurred during 
a previous pregnancy [65]. HDFN is an important cause of neonatal morbidity and 
death [181]. Sensitization can happen at any time during pregnancy but is most 
common in the third trimester and during childbirth. Sensitizations are commonly 
associated with events during pregnancy that are associated with FMH, such as 
medical interventions (chorionic villus sampling, amniocentesis, or external cephalic 
version), terminations, late miscarriages, antepartum haemorrhage, and abdominal 
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trauma [181]. The risk of sensitization is affected by the ABO blood type of the foetus, 
with a lower risk if it is compatible with the mother’s ABO type. Sensitization depends 
on the volume of foetal blood entering the mother’s circulation, the magnitude of 
mother’s immune response and the immune competence of the mum’s immune 
system. The risk of sensitization is greatest in the first pregnancy and decreases with 
each subsequent pregnancy. Once sensitization has occurred, it is irreversible. The 
process of sensitization has no adverse health effects for the mother and usually does 
not affect the pregnancy during which it occurs. However, if the mother is exposed 
to the same foreign antigen during a subsequent pregnancy, the immune response is 
quicker, greater and results in the antibody level being boosted. The anti-D antibod-
ies produced by a Rhesus D negative mother in response to the D positive foetal cells 
are often low molecular weight IgG antibodies that can cross the placenta and bind 
to RhD antigen on the surface of foetal red blood cells. These antibody-coated foetal 
red blood cells are removed from the foetal circulation by the reticuloendothelial 
system, predominantly the spleen and liver. This is the cause of hepatosplenomegaly 
commonly seen in babies with HDFN. Foetal anaemia results if the red blood cells 
are removed faster than they are produced. Severe anaemia can lead to foetal heart 
failure, fluid retention and swelling (hydrops), and intrauterine death. Before birth, 
anaemia and hydrops can be managed with intrauterine transfusions, but this carries 
a 2% risk of foetal loss [182].

Women presenting for antenatal booking are screened for the ABO, Rh D group 
and for the presence of alloantibodies. The Rh D group categorizes pregnant women 
into Rh D positive if their red cell contains the Rhesus D antigen and Rh D negative if 
their red cell lacks the D antigens. The alloantibody screen also determines whether 
the antibody screen is positive or negative. Those with a positive alloantibody screen 
are tested for panels to identify the specificity of the alloantibody present. It is 
evidence-based best practice to recruit all Rhesus D negative non-previously sensi-
tized women into the Routine Antenatal Anti-D Prophylaxis (RAADP) programme 
and universally offer them universally anti-D prophylaxis at 28-week gestation. The 
half-life of the anti-D is about 12 weeks, and the aim of the administration is to 
facilitate the mopping up of all the foetal D positive red cells that enter the maternal 
circulation as a result of fetomaternal haemorrhage and thus prevent the foreign D 
positive foetal red cells from sensitizing the mother. By this implementation the risk 
of anti-D related HDFN in subsequent pregnancy is avoided. This prophylaxis has 
been used to prevent postpartum disease in Rh D-negative women and has greatly 
reduced HDFN- related morbidity as well as foetal and neonatal mortality. In the 
1960s, studies in the United States and in Great Britain determined that passive 
immunization of Rh(D)-negative mothers with IgG anti-Rh(D), soon after parturi-
tion, could protect women from sensitization against Rh(D) + positive red blood cells 
of her foetus [183, 184]. This then led to the licensing of IgG anti-Rh(D) for routine 
post-partum prophylaxis in 1968, however, in 1977 it was demonstrated that, despite 
adequate post-natal prophylaxis, about 10% of Rh(D)-negative women continued to 
develop anti-Rh(D) antibodies, presumably due to small, transplacental, foetal-
maternal bleed during pregnancy. To manage this challenge, the issue of antenatal 
administration of IgG anti-Rh (D) preparations was instituted in combination with 
standard post-partum prophylaxis [185]. Current guidelines recommend that immu-
noprophylaxis with IgG anti-Rh(D) be given to every non-sensitized Rh(D)-negative 
woman, as follows; at 28-week gestation during each pregnancy; immediately after 
delivery of every Rh(D)-positive neonate and following any potentially sensitizing 
event in pregnancy that could expose the mother to the Rh(D) antigen of the foetus 
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(abortion, miscarriage, abdominal trauma) [186]. The only settings in which antena-
tal anti-D IgG administration is not necessary is when conception is certain, and the 
father is also Rh(D)-negative or if the foetus is successfully typed for Rh(D) status by 
antenatal cell-free DNA testing using maternal plasma [65]. Feto-maternal haemor-
rhage (FMH) may occur during pregnancy or at delivery. The Kleihauer-Betke (KB) 
test is a blood test used to measure the amount of foetal red cells that is transferred 
from a foetus into the maternal circulation [178]. FMH occurs in up to 28% of preg-
nancies after trauma and the amount of Rh-positive foetal blood required to sensitize 
the Rh-negative mother is variable, but most patients are sensitized by as little as 
0.01 ml of blood [187]. The test utilizes a stain that identifies foetal red blood cells 
with haemoglobin F in maternal blood. The ratio of foetal: maternal red blood cells 
can be assessed [188]. The use of flow cytometry for the quantification of haemoglo-
bin F is also available. The aim of the test is to determine the volume of foetal red cells 
that entered the maternal circuiting following a FMH to facilitate the administration 
of optimum dose of RhIG required to remove them from the maternal circulation and 
thus prevent the mother from being sensitized to produce alloantibodies. The 
Kleihauer-Betke tests have numerous limitations, including low sensitivity, poor 
reproducibility, and a tendency to overestimate the volume of haemorrhage [188]. An 
important limitation of the Kleihauer-Betke test is the inability to differentiate 
between maternal and foetal F cells. This is particularly a challenge in the second 
trimester of pregnancy when maternal F cells may occasionally reach 5 to 10% as well 
as in women that hereditary persistence of foetal haemoglobin (HPFH) in whom the 
count will be falsely raised. Haemoglobin F quantitation by flow cytometry has been 
reported to be simple, reliable, and more precise than the Kleihauer-Betke test [189]. 
It is recommended that prophylaxis be within 72 hours of the potential sensitizing 
event occurring [190]. To prevent sensitization, all D-negative non sensitized women 
who deliver a D-positive foetus should receive at least a single 300-μg dose of Anti-D 
within 72 hours of delivery. In addition to the prophylaxis giving during pregnancy, it 
is recommended that a maternal sample should be obtained post-delivery of a Rhesus 
D positive baby (approximately1 hour after delivery) and tested for evidence of a 
FMH [191]. Approximately 17% of Rh D–negative women who deliver Rh D–positive 
foetus become alloimmunized if Anti- D prophylaxis is not administered appropri-
ately and adequately. Anti- D prophylaxis has been reported to reduce the overall risk 
of Rh immunization from 13.2 to 0.2%, and testing for large FMH has also further 
decreased the risk to 0.14% [192]. It is part of modern antenatal care currently in 
developed countries to offer universally all Rh D-negative pregnant women anti-RhD 
immunoglobulin IgG injection at about 28- week gestation with a booster at 34-week 
gestation [193]. However, in countries across the West Africa sub region this evidence-
based best practice is not universally implemented due majorly to unaffordability of 
anti-RhD immunoglobulin [65]. In many of these settings, facility for the effective 
management of foetuses and babies affected by HDFN such as Doppler ultrasound 
for diagnosis of foetal anaemia in utero, exchange blood transfusion and ultrasonog-
raphy guided intrauterine transfusion (IUT) are often unavailable resulting in the 
preventable deaths of many of the sub region’s future generations [194]. Blood meant 
for exchange and intrauterine transfusion must meet certain requirements (< 5 days 
old, free from clinically significant irregular blood group antibodies including 
high-titre anti-A and anti-B, negative for antibodies to CMV, must be gamma irradi-
ated and transfused within 24 hours of irradiation, the donor should be Haemoglobin 
S screen negative, and the unit must be leucocyte depleted). Many of which are often 
not available in many settings across the sub region [65]. These implementations will 
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facilitate the effective management of severely anaemic foetuses earlier in gestation 
and increase the chances of survival of more severely affected foetuses with the 
potential for poor neurodevelopmental outcome such as cerebral palsy, deafness, and 
motor and speech delay [187]. This anti-D immunoglobulin which is administered 
routinely in the third trimester attaches to the Rhesus D positive foetal cells and are 
promptly removed from the maternal circulation by the reticuloendothelial system 
(RES) before they can sensitize the mum to produce alloantibodies. This is known as 
RAADP. RAADP can be given as two doses of anti-D immunoglobulin of 500 IU (one 
at 28-week and one at 34-week gestation), as two doses of anti-D immunoglobulin of 
1000–1650 IU (one at 28-week and one at 34-week gestation), or as a single dose of 
1500 IU either at 28 weeks or between 28- and 30-week gestation [195]. There are 
several technologies, formulations, and doses of anti- D in use in the United Kingdom 
[196–199]. Anti-D immunoglobulin are produced by deliberating immunizing Rhesus 
D negative men or women donors without childbearing potential who are carefully 
screened for transfusion transmissible infections [200]. There is need for the univer-
sal access to anti D prophylaxis to be provided for all non-sensitized Rh D negative 
women across the subregion under the RAADP programme and to cover every 
potentially sensitizing event that takes place during pregnancy and following the 
delivery of a Rhesus D positive baby. Facilities for determining fetomaternal haemor-
rhage should be readily available. Cell free foetal DNA testing should be implemented 
to determine Rhesus D negative women who are carrying Rhesus D negative babies 
who could be spared prophylactic anti-D. Facility for non-invasive Doppler ultra-
sound determination of the peak systolic velocity (PSV) through the median cerebral 
artery (MCA) of foetuses should be available for the diagnosis of foetal anaemia. 
Blood that meets the minimum requirement for use for intrauterine (IUT) and 
exchange transfusion should be readily available. There is also the need to optimize 
the knowledge of Biomedical Scientists, Obstetricians and Neonatologist in the 
subregion on the effective management of Rhesus D negative pregnancies as well as 
the prevention and management of HDFN.

3.1 Haemovigilance implementation in the West African sub-region

Haemovigilance is used to describe a set of surveillance procedures that scrutinizes 
the entire blood transfusion process from the point of collection of blood and blood 
components from a blood donor to the point of transfusion in the recipient ensuring 
that all unexpected or undesirable adverse reactions, events reactions, accidents, errors 
and near misses are reported, investigated in a timely manner and preventive and cor-
rective actions are implemented to prevent their future occurrence. Haemovigilance 
system facilitates the delivery of a continually improving blood transfusion service 
[201, 202]. Haemovigilance encompasses the entire blood transfusion process; blood 
donation, processing, transfusion, post transfusion monitoring as well as reporting 
and investigation of all adverse events, reactions and near misses related to the blood 
donation and transfusion. Haemovigilance is indispensable with relation to safety 
and quality of blood transfusions, and it cuts across any action in the blood transfu-
sion process that directly harm the blood donor [203] or potentially compromises the 
quality of the blood taken from the donor that put the recipient potentially at risk 
[204]. An adverse reaction or event is used to describe any unintended response in a 
blood donor, or a recipient observed during the collection or transfusion of blood and 
blood components that is fatal, life-threatening, disabling, incapacitating or results 
in hospitalization or morbidity [205]. Apart from Japan, many Asian countries do 
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not have a fit for purpose haemovigilance system. Many including India are in the 
process of establishing a haemovigilance system [206]. Haemovigilance is aimed at 
improving the quality and safety of blood transfusion. In most developed economies 
haemovigilance is governed by responsible legal authorities [207, 208]. Many countries 
including the United Kingdom (Serious Hazards of Transfusion [SHOT]), Canada 
(Transfusion Transmitted Injuries Surveillance System [TTISS]), Netherlands 
(Transfusion Reactions in Patients [TRIP]), Japan, Russia, Switzerland and the United 
States of America have dedicated organizations responsible for haemovigilance with 
the primary responsibility of improving blood safety. International Haemovigilance 
Network (IHN) is responsible for developing and maintaining haemovigilance and 
safety of blood and blood components globally [209]. Blood transfusion services in the 
West African sub region are not as organized and regulated as it is in the West. This 
has a negative implication on the adequacy and safety of blood and blood products. 
There are several challenges militating against an effective haemovigilance system 
across the sub region; lack of standardized tools for data capturing, poor integrity of 
data captured, poor governance issues, lack of functional hospital transfusion com-
mittee (HTC) in general, specialist and teaching hospitals, suboptimal coordination 
of the NBTS and lack of relevant policies for transfusion practices, lack of indication 
coding tool to guide the evidence-based clinical use of blood and blood products, 
lack of policy in place for clinical use of blood, high incidence and increased risk of 
TTIs, traceability challenges, training-related challenges, poor culture of documenta-
tion, incident reporting and investigation of adverse events, poor implementation of 
recall and quarantining of suboptimal blood and blood products, reaction and near 
misses associated with the blood transfusion process [210]. There is need for govern-
ment across the West African sub region to develop a well-organized haemovigilance 
system in a bid to enhance transfusion safety. Member States of ECOWAS must take 
all necessary measures to ensure 100% traceability of all blood and blood components 
collected, tested, processed, stored, released and transfused across the sub region 
from vein to vein from the blood donor to the recipient. Effective haemovigilance 
implementation across the West African sub region will require collaboration, effec-
tive communication and cooperation between the National Blood Transfusion Centre 
and the Health establishment on one hand as well as among all the healthcare profes-
sionals involved in blood transfusion service delivery [211]. Haemovigilance practice 
was observed to be lacking in previous studies on transfusion practice in Africa [212]. 
There is need to put in place a haemovigilance system across the sub region that 
facilitate the prompt, accurate, efficient, and provable withdraw from distribution 
chain of blood or blood components that is suboptimal and has a potential to cause 
harm to the recipient. This is an urgent need to train health workers across the West 
African sub region on best practices in various aspects of transfusion medicine; blood 
donation, screening, transportation, storage and transfusion as well as monitoring and 
documentation of adverse event and reactions with the hope of reporting, investigat-
ing transfusion related incident and implementing corrective action and by so doing 
learning from mistakes and building a culture of continuous quality improvement in 
blood transfusion service delivery across sub region.

3.2  Suboptimal use of alternatives to allogenic blood across the West African 
subregion

Not all anaemic and bleeding patients require allogenic blood. Some can benefit 
from pharmacologic and non- pharmacologic alternatives. The implementation of 
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these alternatives can potentially reduce the dependence and facilitate the optimum 
utilization of our scare allogenic blood stock. The need for allogenic blood has contin-
ued to increase significantly, particularly in developing countries. There are several 
factors that affect matching demand with supply in sub-Saharan Africa. Escalating 
elective surgery, increased fatalities from road traffic accidents, poor management 
of traumatic injuries, intraoperative, post-operative and obstetric haemorrhage, 
communal crisis, insurgency, banditry, high incidence of malaria related anaemia, 
sub-optimal management of bleeding predisposition in surgical patients, pregnancy-
related complications, suboptimal national blood transfusion services, appropriate 
infrastructure, trained personnel, and financial resources to support the running of a 
voluntary non-remunerated donor transfusion service, high incidence of transfusion-
transmitted infection, predominance of family replacement and commercially 
remunerated blood donors, rather than VNRDs [2]. Evidence has shown that not all 
anaemic or bleeding patients require blood and blood products. Many can benefit from 
alternatives. Concerns about adverse events associated with allogenic blood transfu-
sion should prompt a review of transfusion practices and justify the need to search 
for transfusion alternatives to decrease or avoid the use of allogenic blood. There are 
pharmacologic alternatives that help to stimulate erythropoiesis (iron, folic acid, 
erythropoietin) and non-pharmacologic alternatives. Strategies to reduce allogenic 
blood use include the correction of anaemia using pharmacological agents (oral, IV 
iron and erythropoietin) and management of coagulopathy and bleeding (use of 
antifibrinolytics, vitamin K and fibrinogen concentrate). Non-pharmacologic mea-
sures including preoperative autologous blood transfusion, perioperative red blood cell 
salvage and normothermia can help to reduce blood loss in surgical patients. Similarly, 
the use of surgical and endoscopic technology can minimize blood loss and by exten-
sion limit the need for allogenic blood. All these strategies can help countries across the 
West African sub-region in optimizing the use of our limited allogenic blood stocks 
[213]. There are several challenges associated with allogenic blood transfusion [risk of 
TTIs (viral, bacterial, parasitic and prion), non-infectious risks including febrile, aller-
gic/ anaphylactic and haemolytic transfusion reactions, transfusion-related acute lung 
injury (TRALI) and transfusion-associated circulatory overload (TACO) that warrants 
the need for the identification and use of transfusion alternatives [214].

3.3 Use of oral and intravenous iron

Iron is an essential micronutrient required for erythropoiesis. Iron deficiency is 
the most common nutritional deficiency particularly in developing countries. Iron 
deficiency is the leading cause of anaemia in both men and women [215]. It is a major 
concern in low-income settings, particularly among children and women of childbear-
ing age. Factors that are responsible for iron depletion are prevalent across the West 
African sub region [haemorrhage (trauma, surgery, gastrointestinal, ante and postpar-
tum) poor nutrition, age, pregnancy, low socioeconomic status, critical illness, etc.). 
Treatment of iron deficiency anaemia with oral iron supplements is simple, readily 
available and affordable. The major limiting factor for oral iron use is the gastrointes-
tinal side-effects and long treatment times needed to resolve anaemia and replenish 
body iron stores. Non-adherence to therapy is common due to gastrointestinal side 
effects that limit its efficacy. Intravenous (IV) iron formulations provide a faster 
replacement, is a safer and effective alternative to oral iron for the treatment of iron 
deficiency anaemia (IDA) [216–218]. Allogeneic red blood cell transfusion has lifesav-
ing potential in anaemic and haemorrhaging patients. However, a major limiting factor 
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associated with this therapy is the risk of serious adverse events (transfusion reaction, 
transfusion transmissible disease, alloimmunization and immunomodulatory effect), 
costs and inadequacy [219]. Its use as an alternative in the management of iron defi-
ciency is for treating critical anaemia (Hb level < 70 g/l), patients with acute myocar-
dial ischaemia and in haemorrhaging patients who are haemodynamically unstable, 
patients in whom oral and IV iron is contraindicated or in cases of treatment failure 
nine [220]. Oral iron is a cheap and readily available option in managing patients with 
iron deficiency anaemia. Its use is however limited by challenge associated with gastro-
intestinal absorption and compliance [221]. Intravenous iron therapy, though slightly 
more expensive than oral iron is effective in managing patients with iron deficiency 
anaemia particularly when oral iron is contraindicated or ineffective [222]. Intravenous 
iron has the potential to reduce requirement for allogenic red blood cell transfusion 
[223]. The only limitations associated with the use of IV iron are adverse effects that 
have been associated with its use: risk of anaphylaxis, increased risk of infections, 
arthralgia, oxidative stress, hypophosphatemia, hypotension, headache, vomiting, 
chest tightness, fever, and hot flushes [224, 225]. Free iron has the potential to potenti-
ate bacterial growth in vitro [226]. Intravenous iron therapy is effective in correcting 
iron deficiency anaemia (IDA) before any major surgery, and it can potentially reduce 
the need for allogeneic red blood cell transfusion and could help countries across the 
West African sub region better manage their limited allogenic blood stock for patients 
in whom oral and IV is contraindicated [227–229]. Oral and IV iron can have broad 
applicability to many patients particularly in low-income settings. There is need for 
more advocacy for countries in the West African sub region to promote the use of safe 
and affordable oral and IV iron more to manage patient with iron deficiency anaemia 
with the aim of reducing the need for limited allogeneic red blood cell transfusion.

3.4  Erythropoietin use can limit the dependence on allogenic blood across West 
Africa

Erythropoietin is a glycoprotein cytokine hormone synthesized in the kidney in 
response to tissue hypoxia. Its primary function is the stimulation of erythropoiesis 
(stimulate the division and differentiation of erythroid progenitor cells) in the bone 
marrow [230]. In patients with chronic kidney disease (CKD), there is damage to 
the kidneys and associated limited EPO production. Erythropoietin stimulating 
agents (ESAs) are recombinant versions of EPO produced pharmacologically via 
recombinant DNA technology. Examples of ESAs include epoetin alfa, darbepoetin, 
and methoxy polyethylene glycol-epoetin beta [231]. In patients with chronic renal 
failure, cancer, patients who are receiving dialysis, chemotherapy-induced anaemia 
and those with bone marrow suppression, the use of erythroid stimulating agents is 
clinically indicated in patients with haemoglobin less than 10 g/dL to increase haemo-
globin levels and avoid the need for allogenic blood transfusions [232, 233]. Red blood 
cell (RBC) transfusion is an independent risk factor for cardiac surgery-associated 
acute kidney injury (CSA- AKI). Pre-operative administration of EPO may reduce 
the incidence of CSA-AKI, improve post-operative outcomes, decreasing the length 
of hospital and reduce the need for allogenic RBC transfusion in patients undergoing 
cardiac surgery [234]. Previous reports indicate that the administration of erythro-
poietin before cardiac surgery is associated with a significant reduction in the risk 
of exposure to allogeneic blood transfusion [235–238]. There are several factors that 
limit the use of Erythropoietin stimulating agents particularly in low income develop-
ing countries; cost [2], its use is contraindicated in patients with hypersensitivity to 
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non-human mammal-derived products [226], it has been shown to increase blood 
viscosity and may predispose high risk patients to DVT, pulmonary embolism and 
hypercoagulable state and should be used with caution in patients with history of 
ischaemic stroke or cardiovascular disease [227]. It is also contraindicated in neo-
nates, peripartum mothers and breastfeeding mothers due to the risk for gasping 
syndrome in neonates (severe metabolic acidosis and associated gasping respirations, 
renal failure and neurological deterioration [228].

3.5  Autologous blood transfusion can facilitate the optimum utilization of limited 
allogenic blood across West Africa

Not all surgical patients require allogenic blood. Some can potentially benefit from 
autologous blood transfusion (ABT). Forms of ABT include predeposit autologous 
donation (PAD), acute normovolaemic haemodilution (ANH), and perioperative cell 
salvage (PCS) [239]. In PAD there is repeated preoperative phlebotomy, 4–5 weeks 
before surgery, during which time 4 or 5 units of in-date blood can be collected with 
ease. This technique reduces exposure to allogeneic blood. ANH involves a process 
where whole blood (1.0–1.5 l) is removed, and simultaneously intravascular volume 
is replaced with crystalloid or colloid, or both, to maintain blood volume. The anti-
coagulated blood is then reinfused during or shortly after surgical blood loss has 
stopped in reverse order of collection. The blood-sparing benefit of haemodilution 
is the result of the reduced red cell mass lost during surgical bleeding. Intraoperative 
RBC salvage entails the collection and reinfusion of blood lost during or after surgery. 
Shed blood is aspirated from the operative field into a specially designed centrifuge. 
Citrate or heparin anticoagulant is added, and the contents are filtered to remove 
clots and debris. Centrifuging concentrates the salvaged red cells, and saline washing 
may be used. This concentrate is then reinfused [239]. ABT is extremely safe, not 
associated with complications related to allogenic blood transfusion (immunologi-
cal challenge associated with increase in tumour recurrence after surgical resection, 
increased postoperative infection rates, increased progression of HIV infection, 
blood transfusion reaction and multiorgan failure), crossmatching is not required; 
alloimmunization to foreign red cell antigen can be excluded and the fear of TTIs can 
be ignored [239–241]. Implementation of pre-operative autologous blood transfusion 
(PAD and ANH) and perioperative red blood cell salvage are strategies that can help 
countries in West Africa optimize the use of the limited blood stocks. Intraoperative 
red blood cell salvage is well recognized as a blood conservation strategy [242, 243] 
but it has limited applicability in critically ill patients. Postoperative recovery and 
transfusion of blood from sterile surgical drains in cardiac surgery has shown only 
marginal reduction in transfusion requirements. The feasibility and effectiveness of 
blood recovery techniques for other critically ill patients with acute blood loss are 
more limited. An autologous blood transfusion programme can be implemented as 
complementary to the established allogenic blood transfusion programme across 
the West African sub region. It has the potential to help the sub region conserve her 
allogenic blood stock for patients in whom autologous transfusion is contraindicated 
and result in more effective use of the limited allogenic blood supplies.

3.6 Implementation of restrictive red cell transfusion triggers

Anaemia is highly prevalent in critically ill and trauma patients. Two-thirds of these 
patients present with a haemoglobin concentration < 12 g/dl on admission and 97% of 
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them become anaemic by Day 8 on admission [244]. Evidence has shown that critically 
ill patients with cardiovascular disease risk factors can survive with low haemoglobin 
than originally thought. Several studies have compared the use of lower haemoglobin 
thresholds as restrictive transfusion triggers in critically ill patients compared to liberal 
transfusion triggers. Hébert and Colleagues demonstrated that a restrictive transfusion 
strategy would reduce transfusion requirements and would be as safe as, and possibly 
better than, a more liberal strategy for critically ill adults [245]. Similarly, experience 
from a randomized controlled trial among paediatric ICU patients has shown that a 
haemoglobin threshold of 70 g/L, compared with a more liberal threshold of 95 g/L, 
reduced transfusion requirements by 44% [246]. Haemoglobin threshold of 70 g/L 
seems appropriate for critically ill adult and paediatric and adult patients [247]. 
Strong evidence exists that shows that a restrictive transfusion strategy with a lowered 
haemoglobin threshold is safe compared to a liberal strategy with higher haemoglobin 
threshold particularly in the absence of cardiovascular disease risk factors [248]. 
Evidence has shown that transfusion at higher haemoglobin thresholds is only benefi-
cial in patients with acute myocardial infarction [249]. A major challenge associated 
with blood transfusion service delivery across the West African sub region is the chal-
lenge of safety and adequacy. Countries across the sub region will need to implement 
policies on restrictive transfusion triggers to facilitate optimum use of limited allogenic 
blood stock. Other evidence-based best practices the sub region needs to implement 
includes; reducing blood loss and the need for blood transfusions, improving the 
appropriateness of blood transfusion and implementing blood conservation strategies 
including the use of laboratory test (PT, APTT and fibrinogen) to determine bleeding 
predisposition in patients scheduled for surgery, evidence-based use of haemostatic 
agents [antifibrinolytic agents (aprotinin, tranexamic acid and epsilon aminocaproic 
acid), desmopressin and recombinant activated factor VII), the implementation of 
diagnostic endoscopy to reduce blood loss as well as maintaining normal pH, tempera-
ture and calcium levels to manage coagulopathy [250], blood salvage techniques, use 
of erythropoietin and use of indication coding or restrictive blood transfusion triggers. 
These implementations will help to limit the need for transfusion and enable the sub 
region effectively to manage her limited allogenic blood stock.

3.7  Availability and use of specialized blood products in the West African 
sub-region

The last 30 years has been associated with a significant development in the field 
of transfusion medicine particularly with the implementation of blood component 
therapy and the need to provide specialized blood products to facilitate the effec-
tive management of particularly patients with haematological malignancies [251]. 
Commonly prescribed specialized blood components include antigen negative red 
cells, gamma irradiated blood products, HLA and HPA matched platelets, washed red 
cells and CMV negative unit.

3.8 Antigen negative red cells

Red blood cell (RBC) alloimmunization is a significant challenge in blood transfu-
sion practice. Red blood cell alloimmunization often results from antigen disparity 
between donor and recipient or between a mum and her foetus. The prevalence of 
alloimmunization ranges from 1 to 3% in the general population and 10–70% among 
TD patients [252, 253]. Other factors that play a role in the alloimmunization process 
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include the immune competence of the recipient, the dose of the antigen to which the 
recipient is exposed, the frequency of exposure, antigen frequency in the population 
and the immunogenicity of the RBC antigen involved. Evidence-based best practice 
requires the implementation of a policy to carry out pre-transfusion alloantibody 
screen for all patients that require a red cell transfusion with the hope of detecting 
those that have atypical alloantibodies [252–254]. This implementation will facilitate 
the identification of the atypical antibodies and facilitate the indirect antiglobulin-
based crossmatch of antigen negative red cells for the patient. Patients whose alloanti-
body screening test is positive should have a panel done to facilitate the identification 
of the alloantibody/ies present. This is to facilitate the crossmatch of units that have 
been phenotyped for the group specific antigen and found negative. The policy also 
recommends the provision of antigen negative units for patients in whom a clinically 
significant red cell alloantibodies was identified in the past but sub detectable in the 
current sample (alloantibody titre drops below detectable levels). The implementa-
tion of this policy is to ensure that the aim of giving the red cells transfusion is to 
optimize the haemoglobin level of the patients and by extension improve the oxygen 
carrying capacity or tissue perfusion in the recipient. It also reduces the risk of acute/
delayed haemolytic transfusion reaction that can result when patients with a clinically 
significant alloantibody is transfused with donor unit positive for the group specific 
antigen. The national blood transfusion service should be able to test a percentage 
of all donations for Rh phenotype, K and other clinically significant red cell pheno-
types such as Duffy (Fya) and Kidd (Jka) negative are generally in stock. Evidence-
based best practice recommend that extended phenotyping be carried out for all 
transfusion-dependent patients (thalassemia, sickle cell disease and myelodysplastic 
syndrome) who are chronically transfused for Rh (C, c, E, e) and Kell antigens before 
the initial RBC transfusion [255]. This is to ensure that they are transfused at least 
ABO, Rh (C, c, E, e) and Kell compatible units as a minimum [256–258]. The use of 
uncrossmatched O red cells can have a lifesaving potential in haemorrhaging patient 
when there is no time to carry out a full pre-transfusion testing. Blood group O nega-
tive units used in emergency for a woman of childbearing age should be rr (C-, D- and 
E-), K, CMV and High titre negative [259]. In many settings across the West African 
region red cell phenotyped for clinically significant red cell antigens are not readily 
available. Donors are tested for only the ABO and Rhesus D group. Many hospitals 
in the sub region do not routinely test patients requiring a red cell transfusion for the 
presence of alloantibodies and facilities for panel testing to identify the alloantibodies 
present are often not available. Countries across the sub region must implement best 
practices to prevent RBC alloimmunization and haemolytic transfusion reactions 
(HTRs) including routine testing of all patients that require a transfusion for the 
presence of alloantibodies, provision of extended phenotyping for all transfusion 
dependent patients, optimization of the method and scope of RBC antigen typing as 
well as the selection of antigen negative blood for crossmatch to facilitate the provi-
sion of timely, most compatible and safe blood for transfusion to patients.

3.9 Gamma irradiated blood products

Transfusion-associated graft-versus-host disease (TA-GvHD) is a rare, usually fatal, 
complication of transfusion that occur when the viable and potent lymphocytes in the 
donor engraft and destroy the host lymphocytes and by extension the host immune sys-
tem. TA-GvHD can either occur when immunocompromised recipients are transfused 
with cellular blood components containing viable lymphocytes or when a recipient 



Thalassemia Syndromes – New Insights and Transfusion Modalities

154

receives blood components from a human leucocyte antigen (HLA)-haploidentical 
unrelated donor or from their family member. Transfusion of potent donor (related 
and non-related) lymphocytes to HLA haploidentical recipient is documented as the 
most potent risk factor for the development of TA-GvHD [260]. The transfusion of 
pre- storage leuco depleted blood products can reduce the risk of TA-GvHD. In the 
developed world all transfused units are universally leucocyte depleted. The imple-
mentation of this best practice has brought about a significant reduction in the residual 
cases of TA-GvHD. A previous report reported a TA-GvHD prevalence of 18·9% (66 out 
of the 348) between 2000 and 2013 [261]. Irradiation by exposing donor blood prod-
ucts to irradiation using Gamma rays and X-rays (a minimum of 25 Gy) is the principal 
of inactivating lymphocytes in the transfused component. Transfusion of washed red 
cells is not as effective in preventing TA-GvHD as irradiation. Gamma irradiated blood 
product is clinically indicated in the following patients groups; foetus and neonate 
who are immunological immature and whose lymphocytes are naive, patients need-
ing intrauterine blood transfusion (IUT) including those requiring routine ‘top-up’ 
neonatal transfusions following IUT [262], recipients of allogeneic HSCT, adults and 
children with Hodgkin’s Lymphoma (HL), patients treated with purine analogues 
(fludarabine, cladribine bendamustine and pentostatin) which are known to induce 
profound lymphopenia with associated low CD4 counts, CLL patients treated with 
alemtuzumab, aplastic anaemia patients undergoing treatment with ATG or alemtu-
zumab and patients receiving ATG or other T-lymphocyte-depleting serotherapy for 
rare types of immune dysfunction) [263–266]. The median time from transfusion to 
presentation among TA- GvHD patients is 11 days and commonly associated symptoms 
include rash (80·2%), fever (67·5%), elevated liver enzymes (66·4%), pancytopenia 
(65·2%), diarrhoea (43·1%), bone marrow aplasia (22·7%) and hypocellularity (17·2%) 
and hepatomegaly (13·5%). Laboratory information management systems (LIMS) 
should be updated with relevant information for patients in whom gamma irradiated 
blood products are clinically indicated. Evidence-based best practice in the manage-
ment of patients in whom irradiated blood products are indicated requires the fol-
lowing; effective communication among those involved in the care of these patients 
(clinical areas and transfusion laboratories) as well as between transfusion laboratories 
particularly during patient transfers from one hospital to another and carrying of 
treatment information cards to facilitate the provision of appropriate components 
[267]. In emergency situations, where non-irradiated components are unavailable and 
where delay in sourcing gamma irradiated red cells or platelets can be life- threatening, 
leuco depleted blood or platelets can be sourced promptly as a minimum requirement. 
The justification for this must be included in the patient case note and such a patient 
should be observed for possible evidence of TA-GvHD for few weeks. Many of the 
above best practices are not readily available in blood centres in the sub-region. There is 
urgent need for the implementation of gamma irradiated products for patients in whom 
gamma irradiated red cell, platelet and granulocyte components is clinically indicated 
across the West African sub region as a way of optimizing the transfusion service 
delivery in the sub region and reduce the risk of TA-GvHD.

4. HLA and HPA matched platelets

Platelets are anucleate cellular elements that play a role in haemostasis. Platelet 
concentrate is used to manage thrombocytopenic patients with haematological 
oncological disorders including the management of haemorrhaging patients. Platelet 
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can be transfused either as apheresis platelet concentrate (APC) or pooled platelet 
concentrate (RPC) [268]. The absolute clinical indications for apheresis platelets 
include patients who require HLA compatible and/or HPA matched platelets (platelet 
refractoriness due to the presence of HLA and/or HPA antibodies), patients with 
neonatal alloimmune thrombocytopenia (NAIT) and patients who require IgA 
deficient platelets. Apheresis derived platelets concentrate are associated with a lower 
risk of alloimmunization and subsequent development of platelet refractoriness, the 
risk of TTIs is less because the recipient is exposed to a single donor. Also, the platelet 
yield from apheresis is about 6 times more in pooled platelets [269–272]. The cost 
of producing platelet concentrate is higher with apheresis compared with pooled 
platelets. Also, the risk of allergic adverse reactions is about four times higher with 
apheresis derived platelet concentrate [273]. Other aspects may impact the decision: 
the fact that using APC in place of RPC reduces the total donor exposure of patients 
was considered critical in some countries to reduce the risk of transmission of blood 
transmissible disease. Finally, the cost of the components, much higher for APC, may 
be considered. Platelet refractoriness is a term used to describe the failure to achieve 
an adequate increase in platelet count of a recipient after two consecutive transfusions 
of random platelets. The common cause can either be immunologic (HLA - class I 
specific antibodies, HPA - antibodies or ABO - antibodies – mediated resulting from 
the transfusion of ABO incompatible platelets to a recipient who is positive for high 
titre anti-A or anti-B haemolysin) or non-immunologic (platelet sequestration and 
consumption) in nature resulting from non-immune destruction of transfused donor 
platelets [273]. Alloimmunization to human leukocyte antigens (HLA) class or human 
platelet antigens (HPA) can result in platelet refractoriness [274]. Patients with these 
anti-leucocyte or platelet antibodies will need to be provided HLA class I and HPA 
compatible/matched platelets [275, 276]. Refractoriness to platelet transfusion is 
usually caused by alloimmunization to either HLA/platelet antigens or as a result on 
non-immune destruction of platelets and is commonly seen in 14% of haematology 
patients receiving platelet transfusions with HLA alloimmunization as a major cause 
[277, 278]. Alloimmunization to HLA/platelet antigens and by extension platelet 
refractoriness can be reduced by transfusion of leucodepleted products, use of irra-
diation or transfusion of HLA/HPA matched platelet transfusions [279, 280]. Despite 
the importance of platelet concentrate in the management of thrombocytopenic 
haematology, oncology and haemorrhaging patients, the product is seldom available 
in most settings across the sub region. Government of West African states will need 
to show more commitment to the provision of a quality blood transfusion service by 
investing significantly in transfusion-related infrastructure with the hope of achiev-
ing improvement in transfusion service delivery.

4.1 Washed red cells

Washing of red cells is often carried out for three major clinically relevant reasons; 
to reduce the amount of cytokines [causes of febrile non-haemolytic transfusion 
reactions (FNHTRs), reduce the level of allergen proteins to reduce the risk of allergic 
reactions resulting from contaminating plasma proteins (including IgA) as well as to 
reduce the concentration of potassium that leaked from the intracellular during stor-
age to reduce the detrimental effect of hyperkalaemia in the recipient [281]. Patients 
who are IgA deficient run the risk of developing allergic reaction if they are transfused 
with IgA- rich donor blood. Washing can potentially remove a significant 90–95% 
plasma resulting in a significant reduction of the IgA content to <0·05 mg/dl IgA –a 
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level common seen in IgA deficient patients. Washed leucodepleted red cells reduce 
the risk of alloimmunization to HLA. Washing is often performed by normal saline 
(0.9% NaCl) in either an open or a closed system. RBCs washed in an open system 
should be used within 24 hours (prevent bacterial contamination) of washing while 
that washed in a closed system have a shelf life of 14 days post washing [282]. Red cell 
washing increases the RBC osmotic fragility and increased haemolysis post transfu-
sion [283]. Washed red cells are associated with less systemic inflammation and lower 
levels of free plasma haemoglobin with its nitric oxide scavenging property which has 
been shown to be independent predictor of mortality in septic patients [284].

4.2 CMV negative unit

Cytomegalovirus (CMV) infection is endemic globally. In the USA the serop-
revalence of the disease range from 30 to 97% [285]. Cytomegalovirus (CMV) is a 
significant contributor to increased morbidity, mortality and cost of management of 
immunocompromised patients [286]. CMV is a highly contagious viral infection that 
is transmitted through close contact with bodily fluids (blood, saliva, urine and breast 
milk). CMV can also be transmitted by organ transplantation and blood transfusion, 
when the donor is CMV positive, and the recipient is CMV negative [287]. Common 
signs and symptoms associated with the disease include; fever, malaise, leukopenia 
and neutropenia. Immune-deficient individuals can suffer severe or even fatal 
disseminated infections. Evidence-based best practice in the developed economies 
recommend that the following patient’s groups should be transfused with CMV 
negative cellular blood products, congenital immunodeficiency and HIV-infected 
patients, haematopoietic progenitor cell transplant recipients, low birth-weight 
infants, pregnant women till delivery and their foetuses (to prevent congenital 
CMV), severely immunosuppressed patients and recipients of solid-organ transplant 
recipients [288]. The risk of CMV transmission through blood transfusion can be 
prevented by two major ways; by transfusing vulnerable CMV naïve and profoundly 
immunocompromised with blood and blood products that are negative for CMV and 
by ensuring that cellular blood products are universally leucodepleted (fewer than 
5 × 106 leukocytes per unit) [289]. CMV negative blood and components is critical 
to reducing the risk of transfusion- transmitted symptomatic CMV infection in 
recipients who are themselves CMV naïve. Other potential measures that can reduce 
the risk of transfusing CMV infected blood products include washing red cell units 
and removing the buffy coat, freezing, thawing and subsequent deglycerolizing. The 
major drawback associated with these measures include the fact that they are not 
practicable large scale and are associated with a significant cost implication [288]. 
The implementation of TT- CMV reduction strategies in the late 1980s requiring that 
seronegative marrow recipients and other high-risk groups receive CMV seronegative 
blood products has brought about a significant reduction in the risk of CMV infection 
from 28% -57 to <5% [290, 291]. Government of West African countries have a duty 
of care to implement CMV prevention strategies by ensuring that evidence-based best 
practices requiring that all cellular blood products transfused across the sub region 
are universally leukocyte reduced and screened serologically for CMV.

4.3 Optimizing safe blood donation in the West African sub-region

The two major challenges associated with blood transfusion service delivery 
across the West African sub region are access to safe and adequate supply of blood 
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and product products [2, 292]. World Health Assembly resolutions WHA28.72 [293] 
and WHA58.13 [294] urge member states to develop national blood transfusion 
services based on VNRDs. A VNRD-based NBTS is key to sustained supply of safe 
and adequate blood and blood products. It is the only realistic way to ensure long-
term and consistent supply of blood and blood products to eliminate the chronic 
shortage of safe blood and blood products particularly in low- and medium-income 
countries. Not only is blood donation level low in the West African sub region, but it is 
also predominantly family replacement donor-based rather than benevolent, non-
remunerated donors (VNRBDs) who give blood out of altruism. The blood donation 
rate in sub-Saharan Africa is significantly lower (4–5 per 1000 population) compared 
to the developed economies (30 donations per 1000 population). WHO recommends 
that blood transfusion from regular VNRBDs have the lowest risk of TTIs. There are 
several factors militating against the low VNRBD levels in most West African coun-
tries: lack of organization and financial resources, but also, to some extent, of socio-
cultural barriers such as limited levels of education, religious and mystic beliefs and 
misconceptions about blood use [295]. Voluntary, non-remunerated blood donation is 
the cornerstone of a safe and adequate national blood supply that meets the transfu-
sion requirements of all patients. VNRBDs represent less than 50% of whole blood 
donations in low-income countries compared with 76–100% in high-income countries 
[296]. The low VNRBD levels in the sub region can be attributable to several reasons: 
lack of organization and financial resources, socio-cultural barriers, low levels of 
education, religious and erroneous beliefs and misconceptions about blood donations 
[297]. Government across the West African sub region must implement innovative 
ways to recruit and retain voluntary donors; celebration of the gift of blood donation 
from voluntary blood donors; increasing public awareness of voluntary non-remu-
nerated blood donation; educating the public on the importance of regular, voluntary, 
non-remunerated blood donation; educating the public on the benefits of voluntary 
non-remunerated blood donation to recipients; promoting healthy living (nutrition, 
exercise, lifestyle); and provision of noncash incentives to encourage people to donate 
blood.

4.4  Implementation of cell-free foetal DNA testing across the West African 
subregion

Haemolytic disease of the foetus and newborn (HDFN) is an alloimmune dis-
ease associated with alloantibody developed by the mum triggered by a previous 
incompatible blood transfusion or a transplacental haemorrhage during a previous 
pregnancy associated with foreign red cell antigen entering the maternal circulation 
and sensitizing her to produce alloantibody. These alloantibodies, being low molecu-
lar weight antibodies can pass through placenta in subsequent pregnancy involving 
a foetus with a red cell antigen to which the maternal alloantibody is specific. This 
maternal alloantibody usually will cross the placenta barrier into the foetal circulation 
and coat the foetal red cell containing the group specific antigen and induce hae-
molysis. The disease often results from maternal immunological incompatibility with 
foetal blood groups leading to the production of alloantibodies. The rate of antibody 
production depends on the red cell antigen dose that enters the maternal circulation, 
the immune competence of the mum and the immunogenicity of the foetal antigen 
[297]. Clinical presentation of the disease ranges from asymptomatic mild anaemia to 
hydrops foetalis or stillbirth resulting from severe anaemia and jaundice. Management 
options include; the use of amniocentesis (an invasive procedure to obtain amniotic 
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fluid which is analysed for product of haemoglobin breakdown to identify the sever-
ity of the disease), serial Doppler ultrasonography measurements to diagnose foetal 
anaemia, in utero, intrauterine transfusion, titration and quantification of alloanti-
body level, controlled early delivery, top up transfusion and exchange transfusion in 
the management of severely alloimmunized foetuses [298, 299]. Anti-RhD is the most 
incriminated alloantibody responsible for the majority of HDFN. However, the avail-
ability and widespread implementation of antenatal and postpartum Rhesus immune 
globulin prophylaxis particularly in the West has resulted in a marked decrease in the 
prevalence of alloimmunization to the RhD antigen among pregnant women. Other 
commonly encountered antibodies include anti-c, anti-K, E, AB0, JK (Kidd), and 
FY (Duffy) [300]. The most important blood groups are D, c, E, and K with respect 
to antenatal foetal blood group determination using cell-free foetal DNA (cfDNA) 
[301]. cfDNA derived from the foetus circulates in maternal blood. cfDNA testing is a 
non-invasive prenatal screening carried out on maternal plasma of pregnant women 
to predict foetal blood groups with the aim of; assessing the risk of haemolytic disease 
of the foetus and newborn (HDFN) in previously alloimmunized women and also to 
determine the Rhesus D group of the baby in order to determine if a non-previously 
immunized mum will need to be recruited into the RAADP program and will require 
anti-D prophylaxis following a potentially sensitizing event during pregnancy [302]. 
The cfDNA test can help identify women who have red cell alloantibodies and may be 
affected by haemolytic disease of the foetus and newborn (HDFN). cfDNA testing 
is carried out on maternal blood and can predict the foetal RhD, RhC, Rhc, RhE and 
K status of the foetus and by extension the risk of HDFN [303]. Early in pregnancy, 
small amounts of foetally derived cfDNA exist, but the fraction of foetal cfDNA in 
the maternal circulation increases with advancing gestational age [304]. The clinical 
implementation of this technology should be encouraged across the West African sub 
region. There are many advantages associated with this implementation [305, 306]. 
The test is significantly sensitive and specific with diagnostic sensitivity ranging from 
95 to 100% and specificities over 99% [307–309]. The prevalence of Rh D negative 
varies widely between Caucasians with a prevalence >14% [307–310] compared to 
ethnic groups of sub-Saharan Africa with a prevalence ranging between 2.4 and 4.5% 
[311]. Evidence has shown that 40% of Rhesus D negative women carry D Negative 
foetuses. It is evidence-based best practice that all Rhesus D negative pregnant 
women who are not previously immunized are universally offered anti-D prophylaxis 
at the 3rd trimester under the RAADP program. NICE guidance released in 2008 
recommend that a single dose of anti-D (1500iu) given to Rhesus D negative not 
previously sensitized pregnant women between weeks 28 and 30 would also be cost-
effective in potentially preventing anti-D HDFN in subsequent pregnancy [312]. The 
use of cfDNA testing for the determination of the predicted Rh D group of the foetus 
has several advantages; allow for the rational implementation of antenatal immuno-
prophylaxis for women in whom it is not clinically indicated who are predicted to be 
carry Rh D negative foetus rather than providing the prophylaxis universally to all Rh 
D negative non-previous immunized women. cfDNA testing can potentially predict 
40% of these women who are carrying D negative babies for which Rh D prophylaxis 
will be a waste of a scarce human resource [313–316]. Also, the feto-maternal haemor-
rhage testing carried out during a potentially sensitizing event during pregnancy and 
post-delivery will not be required (reagent and time to carry out the testing) if the 
baby is predicted to be Rhesus D negative. The prophylactic anti-D offered to these 
Rh D negative women is a human blood product with reduce potential to transmit 
hepatitis C and prion type diseases [317]. The women whose babies are predicted to 
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be Rhesus D negative with will be spared the pain and associated cost of travel to hos-
pital to receive the anti-D prophylaxis [318]. Government across the West African sub 
region will need to live to their responsibility by implementing evidence-based best 
practices; cell-free DNA testing, provision of anti-D prophylaxis for non-previously 
sensitized Rh D negative women, feto maternal haemorrhage testing, non-invasive 
serial sonograms with Doppler of the Median Cerebral Artery (MCA) to determine 
the peak systolic velocity (PSV) and by extension foetal anaemia, amniocentesis and 
provision of blood that meet the minimum requirement for intrauterine transfusion 
for foetus severely affected with HDFN in utero and facility for sonographic guided 
intrauterine transfusion through the umbilical vein should be implemented across the 
sub region to optimize the obstetric and neonatal care offered.

4.5  Quality management issues in blood transfusion service delivery in West 
Africa

Blood transfusion process comprises a series of steps ranging from ordering of 
blood or blood products, administration, monitoring of the transfused patient, man-
aging of adverse reactions and events as well as documentation of transfusion adverse 
events and outcomes [319]. Quality management in blood transfusion is the sum of 
all the processes put in place to ensure that blood products and services are produced 
consistent, safe, efficacious service that meet the need of the customers [320]. There 
is increasing advocacy to ensure the efficacy, quality and safety of blood and blood 
products. The sum total of all the processes in place to ensure safety of blood and 
blood product from the point of collection of blood and blood products from blood 
donors to the point of administration to the recipients [321]. Quality management in 
blood transfusion encompasses the organization and her quality management system, 
personnel and organization, quality policy, organograms with responsibilities of staff, 
job description for staff members, change control of documents, continuous train-
ing based on SOPs (should be approved before distribution and the correct versions 
should be provided at the points of use), collection of blood and blood components, 
non-conformance, deviations, complaints, recall, corrective and preventive actions, 
self-inspection, audits, and improvements [322, 323]. The blood transfusion organi-
zation must ensure that they understand and meet the current and future require-
ments of the customers. The Blood Service must ensure that adequate resources are 
provided to implement and operate the quality management system, to continually 
improve its effectiveness and to satisfy customer requirements. The physical resources 
(equipment, consumables, work areas and utilities) to undertake the work must be 
suitable to attain the required standards.

4.6 Personnel and organization

It is a general requirement that all personnel responsible for blood transfusion 
service delivery should have the right skills, experience, education/training, certi-
fication, competence and regularly trained and retrained [324]. It is expected that 
appropriate staffing levels involvement should ensure the safe and effective delivery of 
all transfusion service activities and be subjected to annual review [325]. All personnel 
shall have up-to-date job descriptions that clearly set out their tasks and responsibili-
ties. Blood transfusion organizations shall have separate persons as training officer 
and quality manager. Provision of training to the personnel on safe blood transfusion, 
hazards, and appropriate implementation of corrective and preventative measures, 
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as well as abiding with standard safety guidelines are vital and must be implemented 
throughout the entire blood transfusion process [326]. In every step in the blood 
transfusion process there are potential risks, such as errors in patient identification, 
blood typing, cross-matching, administration and other human errors. Many errors 
which result in serious morbidity or mortality that occur in the blood transfusion 
process and by extension in healthcare delivery are related to human error with 
training and competency issues a major contributory factor [327, 328]. All personnel 
should be appropriately trained, and their competency assessed before being allowed 
to work unsupervised. The contents of training being implemented should be periodi-
cally assessed and the competence of personnel evaluated regularly. Employers must 
develop personal development plan (PDP) for all staff involved in the blood transfu-
sion process that ensures that staff develop in a continual format to enable the delivery 
of a continually improving quality service tailored towards meeting the present and 
strategic future needs of the organization and her customers. Personnel are required 
to participate in a lifelong continuing professional development (CPD). There is also 
the need to ensure that transfusion staff are adequately remunerated. Efforts should be 
made to employ, motivate and retain the best staff, adequate number of staff and mix 
as well as ensuring that there are opportunities for professional growth and develop-
ment and that staff are not working excess unsocial hours with inadequate recovery 
time. Previous report indicates that these issues can affect staff turnaround, result in 
burn out, low morale, high sickness absences, increased error rate, poor team spirit, 
diminished productivity, and suboptimal blood transfusion service delivery [329]. 
The healthcare delivery system in the West African sub region faces many challenges 
including human resource inadequacy. Migration of health workers (brain drain) 
defined as the movement of health personnel in search of a better standard of living 
and life quality, higher remuneration, better working condition, wellbeing, access 
to advanced technology and more stable political conditions has made the human 
resource challenge in the sub region even worse [330]. The best of West African human 
resources in healthcare who should be offering excellent care to citizens in their home 
nations have emigrated to developed countries. The physician-to-population ratio is 
estimated to be 13/100,000 in Africa, compared with 280/100,000 in the United States 
[331]. Although there is a hypothesis that brain drain could be beneficial and impart 
positively on medical education fostering international collaboration in healthcare 
research and development [332]. This argument will only be substantive if these health 
professionals return periodically or permanently after practicing abroad for a while. 
The economic effect of brain drain on the economy of developing countries is huge 
[333]. There are several reasons for the poor retention of healthcare workers in the 
West African sub region: poor remuneration, lack of opportunity, high unemploy-
ment in health labour markets and the deplorable state of healthcare infrastructure in 
the sub region. Leaders of West African countries must take realistic steps to ensure 
that all staff involved in blood transfusion service delivery across the sub region are 
adequately trained, remunerated, motivated, and retained to ensure high morale, 
increased productivity and to prevent the risk of brain drain. These have the potential 
to reduce the reduce the error rate, brain drain and suboptimal blood transfusion 
service delivery.

4.7 Premises and environment

The premises and environment where all processes involved in blood transfu-
sion delivery is implemented must be enabling and must be conducive for activities 
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being carried out. The work environment (processes, systems, structures and tools 
or conditions) in the blood transfusion workplace that can potentially impact the 
staff favourably and by extension their performance and productivity should be 
provided [334]. The work done must be process oriented, associated with effective 
cleaning and maintenance protocols, and arranged in such a way as to minimize 
the risk of errors, injury and to minimize the risk of contamination. There should 
be a separate area (Donation, testing and processing, storage and waste manage-
ment) that is optimally endowed (human and materials). Donation area should 
be endowed with facilities to allow for confidential interviews and assessment of 
individuals to determine their eligibility to donate blood. Collection area should be 
appropriately equipped to facilitate the safe collection of blood and blood products 
as well as manage adverse reactions or injuries from events associated with dona-
tion. The safety of the transfusion staff and donors must be maintained. The envi-
ronment where the blood transfusion process is implemented must be enabling in 
terms of space, safety and infrastructural endowment (equipment, availability of 
piped borne water, soap, appropriate sanitation facilities, handwashing facilities, 
availability of adequate infection control measures including personal protective 
equipment (PPE) and waste management as well as availability of uninterrupted 
power supplies) [335–337]. The blood transfusion organization should have a 
dedicated laboratory for donor testing and should be separated from the process-
ing areas to prevent the risk of contamination. There should be restricted access 
(limited to authorized staff) to the testing and processing areas. There should 
also be a dedicated storage area for the blood components (red cells, plasma, and 
platelets). There should be an area set aside for the secure and segregated storage 
of different blood components including a separate area for quarantine (not fit to 
use) and released (fit to use) as well as blood products collected for dedicated use 
(autologous donation) [338]. The storage area must have access to uninterrupted 
power supply and back up fridges, freezers and alternative sources of power in the 
event of equipment or power failure. Provision of adequate and safe blood transfu-
sion service delivery is associated with the generation of waste which is potentially 
hazardous and may carry a potential for infection and injury [339]. Suboptimal 
and inappropriate handling of healthcare-related waste can have serious public 
health consequences and a significant impact on the environment [340]. The blood 
transfusion organization should have a system for the effective management of 
waste. The waste generated during production of blood and blood component 
carries a higher potential for infection and injury. Waste generated should be 
segregated [domestic non-hazardous, hazardous healthcare waste including sharps 
(needles, hypodermic needles, scalpels, blades, lancet, infusion sets, broken glass 
and pipettes) and chemical and radioactive waste] and disposed appropriately. 
In most West African countries, unsustainable management of waste is common. 
Open dumping and open burning are commonly implemented as waste treatment 
and final disposal systems. Illegal dumping of waste onto sidewalks, open fields, 
storm water drains and rivers is commonplace with negative economic, social 
and environmental impacts. Also, waste management involves the activity of the 
informal sector including waste pickers and scavengers with a significant associ-
ated health risks from potentially hazardous waste [341]. There is need for the 
implementation of effective waste management across the West African sub region 
by taking realistic steps at waste reduction, reuse if safe, recycling, recovery and 
treatment to achieve sustainable and environmentally sound management of all 
wastes [342, 343].
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4.8 Equipment and materials

All equipment for use in the blood transfusion organization must have Equipment 
Operating Procedure (EOPs), be validated prior to implementation, regularly cali-
brated, and maintained [343]. The acquisition of any equipment must be justified 
and constitute value for money and should be carefully chosen to minimize any 
hazard to the blood donors, the personnel, or the blood components itself [344]. The 
transfusion organization must carry out validation of equipment, certification and 
pre-acceptance testing of all reagents to establish that the performance character-
istics of the method meet the requirements for the intended analytical application. 
Validation is a pre-defined exercise to confirm that equipment or a procedure (either 
current or proposed) is fit for its intended purpose and meets its pre-defined specifi-
cation. The benefits of validation include assurance that critical aspects of a process 
are in control, increased probability of uniform product quality, reduced product 
waste and reduced customer complaints. Reagent certification of reagents ensures 
that reagents are performing to the quality standards of the manufacturers and fit for 
diagnostic work. Only reagents and materials from approved suppliers that meet the 
documented requirements, certification and specifications shall be used. The blood 
organization should have a robust computerized LIMS with back-up procedures. The 
LIMS should be validated before use [345]. All the associated hardware and software 
shall be protected against unauthorized use and changes. The back-up system must 
prevent loss of or damage to data [346]. The blood transfusion organization should 
implement a documented change control process that facilitate the suggestion of 
changes to the process by staff involved in the process that is beneficial, potentially 
save cost, remove bureaucratic aspects, and will optimize the safety of donors and 
personnel. The change control is planned and implemented in a controlled way, the 
possible re- training for staff involved in the process following the standard operating 
procedures (SOPs), shall ensure there is a record of the processes operated before and 
after the change, that the date of the change is known, and that material processed 
through the changed system can be identified. There should also be a system to ensure 
that the effectiveness of the newly implemented process is monitored and opportuni-
ties for further improvement are investigated and, where relevant, implemented. 
It shall support the organization in trying to learn from incidents, accidents, near 
misses, complaints, and other event information. The objective analysis of these and 
implementation of corrective and preventive measures in an action-planned format 
will facilitate the delivery of a continually improving quality blood transfusion 
service across the West African sub region [347, 348].

4.9 Recall and traceability

Effective blood transfusion service delivery requires that a system be in place to 
allow 100% accountability of donated blood and blood products [349]. The imple-
mentation of traceability facilitates the easy and prompt recall of products that is 
identified to be suboptimal or have potential to cause the recipient after release from 
the national blood transfusion service to hospital blood bank or from the hospital 
blood bank to the ward or satellite fridges can be recalled [350]. The recall system 
should be such that it is prompt and can be triggered at any time. All recalled products 
should be separated and kept away from other units that are fit for use to prevent 
its accidental release until a decision is made on the final fate (release to the pool or 
discarded). The recall process should be reviewed regularly to ensure its continued 
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effectiveness. Most countries, particularly those in developing countries were poorly 
implementing sub-indicators of haemovigilance particularly in the area of legal 
provisions, arrangement for effective organization and human resources indicators 
[351]. There must be a system to ensure that materials can be traced through the entire 
process from procurement, testing, production, issue from the NBTS to the hospital 
blood bank and subsequently to the recipient. There must be 100% traceability for all 
donated units (who donated the unit, when the blood was released to hospital blood 
bank and when unit was transfused to the recipient or discarded). For all donated 
units, traceability must be maintained from vein to vein from donor to the patient. In 
Morocco for example, the traceability rates were around 51% in Casablanca [352] and 
15.5% in Rabat [353].

5.  Ensuing a continuous quality improvement-oriented blood transfusion 
service across the West African sub-region

The blood transfusion organization must strive for Continuous Quality 
Improvement (CQI) by the regular and objective evaluation of overall performance 
using indices such as incidents, errors, near misses, complaints, audit and accredita-
tion (internal and external), litigation and customer satisfaction surveys to determine 
the quality of service delivered on a continual basis [354]. At the root of CQI is culture 
of root cause analysis as a problem-solving tool to identify nonconformities with the 
hope of identifying corrected and preventive actions (CAPA) that needs to be imple-
mented in an action planned format (what is to be done, why, how, by whom and time 
frame to achieve the task) to nip the non-conformance in the bud. All complaints 
from the customer and other relevant information, including any serious adverse 
reactions and serious adverse events lined to a defective blood component should be 
reported, documented, and promptly investigated to identify the causative factor/s of 
the defect and promptly recall the affected unit if necessary [355]. All serious adverse 
reactions or serious adverse events should be reported to appropriate regulatory 
authorities.

5.1 Quality audit and accreditation

A Quality audit is a planned systematic, independent and documented process 
of evaluating elements of a quality management system. It assesses whether quality 
activities and related results comply with planned arrangements [356]. Audits can 
either be internal or external and ensure that process are being operated as stated 
in the SOP and that procedures and associated quality assurance comply with Good 
Manufacturing Practice (GMP) principles. Audits should be carried out by a compe-
tent and trained individual who is knowledgeable about the process. The results of 
all audits and all non-conformances identified should be documented to allow for the 
implementation of root causes and action-planned implementation of corrective and 
preventive actions in a timely manner [357]. Unlike their Western counterparts, many 
countries in the West African sub region do not have a fit for purpose, centralized and 
coordinated blood transfusion services and the safety, quality, efficacy and regulatory 
framework remain significantly poor. The implementation of quality management 
system in blood transfusion across the West African region is relatively naïve. The 
issues surrounding the safety of production, supply, distribution, administration, 
and clinical use is poorly developed. Blood transfusion service delivery across the 
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West African sub region can be optimized. Audits of practice and incident report-
ing to national haemovigilance schemes have shown that poor hospital transfusion 
practice is frequent and occasionally results in catastrophic consequences for patients 
[358]. There is the need for governments of countries in the sub region to take steps 
to ensure the implementation of a quality management system-oriented blood 
transfusion process across the sub-region. Quality efforts should be made to ensure 
that blood transfusion is efficacious by the objective implementation of a high level 
of quality and safety throughout the transfusion chain (blood collection, testing, 
processing, storage, distribution, matching, delivery and clinical use of the blood 
products.

5.2 Providing safe blood transfusion across the West African sub-region

Blood transfusion is an indispensable component of modern healthcare delivery 
and saves millions of lives annually. Blood transfusion is often required to manage 
anaemia, bleeding following trauma, intra and post- operative, obstetric haemor-
rhage (ante and post-partum) and to manage several medical diseases including 
haematological conditions [349]. For blood transfusion to have life- saving poten-
tial, it must be safe. Safe blood transfusion is the right blood collected from the 
right voluntary non remunerated donor and transfused to the right patient at the 
right quantity, at the right time, in the right place and based on the right clinical 
indication [359]. Safe blood transfusion is not wishful thinking. It is achieved by 
implementing evidence-based best practices in key areas including patient identi-
fication, documentation, communication, patient consent, request for transfusion, 
pre transfusion sampling, collection of blood and delivery in the clinical area, safe 
administration of blood and monitoring during a blood transfusion. A significant 
number of patients worldwide are administered with wrong blood annually with 
sometimes fatal consequences. Many of these incidents are preventable and pre-
dominantly due to human errors [360]. The common root causes of these errors 
are poor patient identification, misidentification of patient during pre-transfusion 
sampling, errors during laboratory testing, error during collection of blood from 
the blood bank and errors during blood administration. Previous report indicates 
that as many as 40% of mis transfusions are due to errors in the post-analytic 
phase: often failures in the final check of the right blood and the right patient at 
the bedside [361]. There is need for healthcare professionals involved in the blood 
transfusion process including biomedical scientist, medical doctors and nursing 
staff practice in environments that recognize the importance of reducing error 
and improving safety using non-punitive system approaches that encourages the 
reporting and objective investigation of incidents, accidents, near misses and 
errors [362, 363].

5.3 Patient identification

Positive patient identification is fundamental to safe blood transfusion. It is 
essential to ensure that the right blood is given to the right patient. Patient mis-
identification can have a potentially fatal consequence for patients [364]. Errors 
in the whole-blood transfusion chain - from initial recipient identification to final 
blood administration - occur with a frequency of approximately 1 in 1000 events 
[365]. Among pre-analytical errors, misidentification and mis transfusion are still 
regarded as a considerable problem, posing serious risks for patient health and 
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carrying huge expenses for the healthcare system [366]. Patient identification 
errors in pre- transfusion blood sampling (‘wrong blood in tube’) are a persistent 
area of risk in blood transfusion errors [367]. Evidenced best practice in the West 
requires that all patient for which blood transfusion is intended wear an identi-
fication band containing the minimum patient identifiers (surname, forename, 
date of birth and hospital number) to facilitate an unmistakable patient identi-
fication during pre-transfusion sample collection and during blood administra-
tion. In accident and emergency units, patients presenting in coma who cannot 
be immediately identified must be given at least one unique identifier (A&E or 
trauma number and patient gender). Prior to collecting or administering blood 
to a patient, the patient, carer or parent in case of children should be requested to 
state their full name and date of birth and this information must be compared to 
what is on the patient wrist band. It is only when there is a match that a patient is 
said to have been positively identified for sample collection and administration 
purposes. All identification discrepancies at any stage of the transfusion process 
must be investigated and resolved before moving to the next stage to prevent 
transfusion errors.

5.4 Documentation

In blood transfusion the golden rule is that anything not written down was 
done. Blood transfusion documentation is critical to ensuring 100% traceability 
of all donated donor units. Documentation (hard copy or electronic) to capture 
events at every stage of the transfusion process (pre-transfusion, during transfu-
sion and post transfusion) should be kept in a clear, legible, readable, auditable, 
and user-friendly format. Vital information including transfusion prescription 
sheet, crossmatch worksheet, temperature, monitoring records, reagent storage, 
equipment validation, reagent certification and monitoring charts must be kept 
providing a clear audit trail [350]. Previous report indicates that use of barcode 
reader and related electronic technology can be adapted to improve transfusion 
safety and reduce the risk of human errors at all steps of the blood transfusion 
process [368]. All transfusion documentation should include the minimum patient 
identifiers (name, date of birth and hospital number). Pre-transfusion related 
information including laboratory data and clinical indication for transfusion, 
information that the potential risks, benefits and alternatives have been discussed 
with the patient and that written informed consent was obtained, the dose/volume 
and rate of transfusion and information of any special transfusion requirement 
for the patient such as CMV negative, antigen negative blood, gamma irradiated 
components, etc.). Previous report indicates that bedside ABO-typing and check-
list prior to blood transfusion can control the ABO-mismatched transfusion if done 
timely and correctly [369]. Intra transfusion documentation must contain vital 
information; medical staff who started the transfusion, date and time transfu-
sion commenced and completed, details of blood component (component type, 
bag numbers and any special requirement) as well as information on observation 
prior, during and post transfusion (temperature, blood pressure, respiratory 
rate and pulse). Post-transfusion documentation must include information on 
clinical outcome of any transfusion, adverse reaction or events and evidence that 
transfusion was beneficial and accomplished the desired outcome (HB optimiza-
tion and improvement in anaemia and related symptoms) [370]. Previous report 
indicates that training and education of health-care staff on transfusion-related 
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documentation at the bedside is vital to reducing blood transfusion related errors, 
morbidities, and mortalities [371].

5.5 Communication

Communication (verbal and written) between clinical, laboratory staff 
and porters should be clear and unambiguous as it is critical to patient safety. 
Misunderstanding and transcription error are common communication- related 
issues associated with transfusion errors. Effective commination among the health-
care care workers involved in the blood transfusion process is critical to limiting 
transfusion-related errors [372]. Written or electronic communication should be 
used wherever possible with request for urgent transfusion supplemented by tele-
phone request with laboratory staff. Good communication is especially important 
at times of staff handover between shifts, both on the wards and in the laboratory, 
and can be enhanced by a standardized and documented process. Handovers should 
be built into transfusion laboratory routine practices, ensuring effective transfer 
of information and appropriate follow up actions are taken [373]. Hospital transfer 
of patients is common- place in healthcare delivery. Effective transfer of relevant 
transfusion information relating to patient care is vital in blood transfusion service 
delivery [374].

5.6 Patient consent

Under the principle of medical ethics, a competent patient’s autonomy and 
right to determine his or her treatment is widely recognized in medical practice. 
Evidence-based best practice recommends that patients are informed about and 
understand the purpose, benefits and potential risks of transfusion as well as 
available alternatives. The Advisory Committee on the Safety of Blood, Tissues, 
and Organs (SaBTO) recommends that ‘valid consent’ for blood transfusion should 
be obtained and documented in the clinical record (signed consent) [375]. Blood 
transfusion is not an entirely safe form of treatment. It is sometimes associated with 
adverse effects and events. Blood transfusion must not be given lightly but rather 
it must be given only when there are no safer alternatives. Its use must not only be 
based on laboratory results alone but also on the clinical presentation and presence 
of symptoms. The potential risk, benefits and alternatives must be discussed with 
patients to enable them to make an informed decision. A survey of the use of blood 
in the UK indicates that 20% or more of transfusions are inappropriate and that 
many patients could benefit from safer alternatives [376]. However, in emergency 
situations the inability to obtain a consent must not prevent or delay the need for 
essential urgent lifesaving transfusion. The only exception is patients that have a 
valid Advance Decision Document declining transfusion. Most Jehovah’s witnesses 
carry a written advance directive declaring their religious convictions not to take a 
blood transfusion [377]. The blood refusal card directs that no blood is to be given 
to the owner under any circumstance, even if physicians believe transfusion will be 
lifesaving [378]. The right of such patients not to be transfused should be respected 
[379]. However, in the emergency, in the absence of blood refusal card or if there 
is a reasonable doubt about the validity of a treatment refusal, the physician has a 
duty of care to take decision that they believe is in the best interest of the patients 
and render life-saving treatment [380]. The issue of informed consent to have a 
transfusion is critical because transfused patients potentially lose their ability to 
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be blood donors. In many developed countries, transfusion dependent patients 
are offered a modified form of consent that requires them to go through an annual 
review and re-consent [381].

5.7 Prescribing and request for transfusion

The process of prescribing blood components is not necessarily legally restricted 
to registered medical practitioners. From a safety and efficiency and saving lives 
point of view, there are clear advantages in allowing non-medical practitioners to 
authorize transfusion in certain situations. Evidence-based best practice recommends 
that appropriately trained and competent practitioners including registered nurses 
and midwives can make clinical decisions and provide written instruction for blood 
component transfusion. This practice has the potential to deliver a more patient-cen-
tred quality service [382, 383]. It is vital that all transfusion prescriptions or written 
authorization to transfuse a patient blood must be permanent part of a patient clinical 
records and should contain vital information including patient’s minimum identifiers, 
information on the blood component to be transfused, the dose, volume rate and any 
special requirements [384].

5.8 Pre transfusion sampling

Wrong blood in tube’ (WBIT) errors and misidentification at blood sampling, 
where the blood in the tube is not that of the patient identified on the label is a 
major cause of ABO incompatible transfusion and fatal haemolytic transfusion 
reactions. The consequence of these errors can be catastrophic [385]. This type 
of error is difficult to identify particularly when there is no historic blood group 
documented in the patients records on the LIMS [386]. Sub optimally labelled 
samples carry a significantly increased risk of containing blood from the wrong 
patient. There are several steps that can potentially reduce the risk of this kind 
of errors; use of electronic systems, ensuring that phlebotomist responsible for 
sample collection are adequately trained and competent tested; patients must be 
positively identified and their details (name, date of birth and hospital number) 
on the sample, dated, timed, and must match those on the request form and 
patient wrist band [386]. It is generally expected that all inpatients must wear 
an identity band and the collection and labelling of the sample tubes must be 
performed at the patient bedside as one uninterrupted process involving one 
trained and competent staff and one patient. Other requirements include; sample 
tubes must not be pre-labelled prior to sample collection; sample tubes must be 
hand labelled legibly; addressograph or printed labels must not be used on the 
transfusion sample and the transfusion laboratory must maintain a zero-tolerance 
policy for rejecting samples that do not meet the above minimum requirements 
[387–389]. It is also evidence-based best practice to implement a two- specimen 
rule to allow for the verification of ABO/Rh for blood transfusion [390, 391]. This 
implementation of two concordant ABO typing results has the potential to detect 
wrong blood in the tube and prevent the risk of haemolytic transfusion reaction 
resulting from the transfusion of ABO incompatible blood particularly when 
there is a discrepancy in the blood group obtained from both sample [392]. Many 
countries in the West African sub region do not seem to have a LIMS nor a bar-
code-based identification. The 2-sample rule is also not being implemented and 
documentation tends to be hardcopy and paper-based [393]. Countries in the sub 



Thalassemia Syndromes – New Insights and Transfusion Modalities

168

region will need to start implementing these best practices to the latter to enhance 
the safety of blood transfusion service delivery and to reduce the risk of incompat-
ible blood transfusion.

5.9 Collection of blood and delivery in the clinical area

Errors during blood collection of blood from the blood bank have been reported 
as predominant root cause of wrong blood transfusion and associated haemolytic 
transfusion reaction [393]. All staff responsible for collecting blood from the blood 
bank or satellite refrigerators must be trained and competency tested. There is 
increasing advocacy for the replacement of the predominant manual documentation 
of blood collection using a transfusion register which is predominant in many set-
tings in the West Africa sub region to the less error- prone electronic blood-tracking 
systems [394]. This manual documentation system in operation in most settings in 
the sub region is risky particularly because people bear similar names thus increasing 
the risk of potentially taking blood meant for a different patient [395]. Electronic 
blood-tracking systems has a number of advantages over the traditional hardcopy 
register system; improved quality of transfusion service delivery by reducing transfu-
sion errors; it allows for timely collection and delivery to clinical area, enhances the 
productivity of nursing staff as well as reduced blood wastage, prevent the risk of 
taking blood for a wrong patient and unallocated or de-reserved units, provides audit 
trail as only staff who have been trained and competency tested are given barcode and 
password to identify themselves on the system. Staff collecting blood is expected to 
scan the patient barcode containing the minimum patient identifiers which must be 
checked against the details on the transfusion laboratory-generated crossmatch label 
attached to the blood pack. Normally if there is no blood allocated for the patient in 
the fridge the staff will be denied access to the fridge. The system only ensures that 
only blood that is within its expiry time and date and meant for the desired patient is 
released for collection. Other advantages of the computer-controlled, electronically- 
linked information management system is that; minimize the risk of transfusing units 
that have been out of temperature-controlled storage for too long (>30 minutes); 
provides a full audit trail of all activity and frees up nursing resources allowing them 
concentrate on other core nursing duties, prevents the transfusion of incorrectly 
stored units and out of date product or quarantined; facilitate inventory control 
management, delivery, tracking and documentation as well as audit trails. Access 
to electronic databases have greatly facilitated product traceability and biovigilance 
efforts and it can be linked to LIMS and other IT systems, providing robust documen-
tation and data relevant to transfusion at all stages of the transfusion process (blood 
sample collection, laboratory testing, blood unit collection from the blood bank and 
transfusion of blood to the patient, ensuring full documentation and audit trail at 
every stage [396]. Electronic blood-tracking systems ensure that the right patient 
receives the right blood component at the right time [397].

6. Receiving blood in the clinical area and safe administration of blood

Transfusion of wrong blood or blood component is the most important error 
 associated with serious morbidity or mortality. Provision of training and competency 
for healthcare workers involved in blood transfusion, developing standard safety 
guidelines, raising of hazards and implementation of appropriate preventative 



169

Optimizing Blood Transfusion Service Delivery across the West African Sub-Region
DOI: http://dx.doi.org/10.5772/intechopen.108628

measures are critical during all steps of blood and blood component transfusion 
[397]. There are evidence-based practices that clinical staff involved in blood transfu-
sion will have to implement to prevent transfusion errors. Before attempting to collect 
blood from the blood bank they must ensure that patient is wearing an identity band, 
has given consent for transfusion, the transfusion ‘prescription’ has been completed, 
there is venous access and staff are available to start the transfusion promptly and 
monitor it correctly. Also except in case of major haemorrhage requiring rapid 
transfusion of large quantities, only one unit should be collected at a time. Also, 
transfusion of not urgent blood at night should be avoided. Effective identity checks 
between patient and the blood unit including the component special requirements 
are key requirements as it constitutes the final opportunity to avoid potentially fatal 
mis transfusion (last chance/bus stop to prevent mis transfusion). The check must be 
performed by two clinical staff for every unit transfused. The unit must be inspected 
thoroughly for signs of leakage, discoloration or clumps. The prescription and other 
relevant paperwork should be signed by the person administering the component 
including the component donation number, date, time of starting and stopping the 
transfusion, dose/volume of component transfused, and name of the administering 
practitioner should be recorded in the clinical record. Correct patient identification 
is crucial in transfusion safety. Failure in patient identification can result in wrong 
blood typing or transfusion of the wrong blood component. Many of these kinds of 
incidents are preventable by carefully checking patient data at the bedside prior to 
commencing the transfusion [398]. Changes in vital signs are regularly seen dur-
ing transfusion. There is need for clinical staff to be aware of common transfusion 
reaction signs and symptoms to enable them to differentiate between a normal patient 
response from a life-threatening reaction [399, 400].

6.1 Monitoring during a blood transfusion

Blood transfusion is associated with adverse reactions or events. Patients having a 
blood transfusion should be regularly monitored before, during and post transfusion. 
Patients must be encouraged to report new symptoms. By monitoring and recording 
vital signs such as temperature, pulse, respiratory rate, and blood pressure regularly 
we can tell if a patient is having a transfusion reaction. These parameters are deter-
mined at baseline (at least 60 minutes) before commencement of the transfusion, 
15 minutes after the start and regularly during and after the transfusion. Patient 
monitoring during transfusion is of paramount importance for prompt detection of 
transfusion reactions [401]. Transfusion reaction associated with transfusion of ABO 
incompatibility or bacterial transmission present early after commencing the transfu-
sion [402]. Sometimes patients can have delayed transfusion reaction that will become 
evident 24 hours post transfusion. It is vital that the transfusion recipient is monitored 
over the next 24 hours. Any reaction observed during and after the transfusion of a 
blood component must be reported promptly and investigated. The guidelines of the 
British Committee for Standards in Haematology recommends that when any of the 
associated signs and symptoms of transfusion reactions occur, the initial treatment 
should be based on signs and symptoms rather than on classification [403].

6.2 Enhancing blood transfusion safety across the West African sub-region

Safe blood is a crucial component in improving health care and in preventing the 
transmission of infections. The two major challenges associated with blood 
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transfusion service delivery across the West African sub region is that adequacy and 
safety [2, 404]. Developing countries have continued to lag behind in contributing 
her own quota to the allogenic blood pool globally. Out of the 92 million blood units 
were donated worldwide in 2008, only an insignificant 4 million (4.3%) were donated 
in sub-Saharan Africa- a continent that is home to approximately 12% of the global 
population [405]. The rate of blood donation across the region has remained consis-
tently lower than rates in developed economies (4–5 per 1000 compared to 30 dona-
tions per 1000) respectively [406]. The World Health Organization recommends 
blood transfusion from low risk and altruistic regular voluntary non-remunerated 
blood donors (VNRBDs). However, VNRBDs represent <50% of whole blood dona-
tions in low-income countries compared with 76–100% in developed economies. The 
sub-region will need to abolish the unsafe commercial remunerated blood donation. 
Efforts should be made to enlighten the sub-region that family replacement donors 
are unsafe, there is difficulty in replacing blood in quantity and type through family 
replacement donation and blood donated can put transfusion recipient who are 
females of childbearing age at risk of developing alloantibodies that can cause HTR 
and HDFN if they receive blood from their husbands and his relatives. The region will 
need to look for innovative ways to encourage community members to change their 
mentality from being family replacement donors to becoming voluntary non-remu-
nerated donors. VNRBDs are key to the maintenance of a safe and adequate blood 
supply. Education and public enlightenment, innovation, and pragmatic approach in 
the aspect of recruitment, retention, non-cash motivation and renewal of an active 
volunteer and non-remunerated donor pool from the massive young population in the 
sub region is key to safe and sustainable blood transfusion service delivery [407]. 
Transfusion-transmissible infections, such as HIV, hepatitis B virus (HBV), hepatitis 
C virus (HCV), syphilis, and malaria are prevalent across the sub region and have 
remained a source of safety concern for transfusion recipients. Transfusion of 
sub- optimally screened blood is the cause of 5–10% of HIV infections in sub-Saharan 
Africa and about 12.5% of transfusion recipients in the region are at risk of post-
transfusion hepatitis [408]. Unsafe blood transfusion has a significant effect (socio, 
economic and health) on the sub region, families, communities, and the wider society 
[409]. The various markers of infection for these infective agents appear at different 
times after infection. The window periods (period between infection and availability 
of screening marker in the blood of the donor) vary depending on the infective agent 
(range from few days to months), the infectious agent and the screening marker and 
the technology used. In the window period a screening marker may not be detectable 
in a recently infected donor even though the donor may be infectious. Nucleic acid 
(RNA/DNA of the infectious agent) is the first detectable target to appear in blood, 
followed by the antigen (produced by the infectious agent), and finally the antibody 
following an immune response in the donor. The sub region will need to implement a 
policy of universal/mandatory screening of blood donors for HIV-1 and HIV-2, 
Hepatitis B, Hepatitis C and Syphilis as a minimum requirement [410]. The infectious 
agent, the screening marker, and the minimum technology to be employed should be 
defined by way of policy. For HIV-1 and HIV-2 screening using a combination of HIV 
antigen-antibody or HIV antibodies as a minimum and where possible nucleic acid 
testing is advocated. Screening for hepatitis B using hepatitis B surface antigen 
(HBsAg). Hepatitis C screening for either a combination of HCV antigen-antibody or 
HCV antibodies and where possible nucleic acid testing while for syphilis 
(Treponema pallidum) screening for specific treponemal antibodies should be 
implemented across the sub region. The use of only antibody-based test for screening 
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donors for HIV and HCV should be discouraged to prevent the risk of introducing 
donor blood in the window phase of infection into the blood donor pool [411]. All 
efforts and energy need to be invested by member countries of ECOWAS to minimize 
the risks of transfusion-transmitted infection particularly during the window phase 
of infectious agent to make blood safer [2]. Implementation of stringent donor 
selection criteria and deferral system is the first step in determining the suitability of 
a potential blood donor to donate blood [412]. It can determine eligibility and identify 
donors whose behaviours put them potentially at risk for blood donation warranting 
either temporal or permanent deferral. The implementation of a robust donor 
deferral strategy can have a positive impact on transfusion safety in the West African 
sub-region [413]. A better understanding of the reasons for deferral of potential 
blood donors across the sub region could assist in donor recruitment planning and 
gives insight into the general health of the population in terms of prevalence of TTIs 
and anaemia. The presence of anaemia and risk of TTIs are the predominant con-
tributors to donor deferral among donors [414, 415]. Member countries in the sub 
region will need to improve on the donor screening and deferral procedures as well as 
serologic testing. The aim of deferral is to facilitate the exclusion of donors from 
potentially higher risk populations to enhance patient safety [416]. The sub region 
will need to develop an efficient donor screening and deferral system to ensure the 
safety of both prospective donors and recipients [417]. The need for allogenic blood in 
the West African sub region has continued to be on the increase for several reasons; 
increase in the number of elective surgeries, failure to match demand and supply, 
suboptimal functioning of the national blood transfusion services, lack of relevant 
policies, trained personnel, funding and appropriate infrastructure in member states, 
dominance of unsafe family replacement and commercial remunerated blood trans-
fusion rather than safe and altruistic voluntary non-remunerated blood donors, old 
and emerging threats of transfusion-transmitted infection, poor management of 
coagulopathy, major haemorrhage and bleeding disposition in surgical patients and 
pregnant women, prevalent insurgencies and communal clashes, increase in road 
traffic accidents due to poor road infrastructure in some member states, armed 
conflicts, insurgency and banditry, high prevalence of sickle cell disease, nutritional 
and malaria associated anaemia and pregnancy-related complications. All these 
factors have made allogenic blood a vital but limited commodity across the sub region. 
The region will need to think strategically out of the box to identify innovative ways 
to recruit and retain voluntary low-risk blood donors. Education, public enlighten-
ment, and collaboration with stakeholders are key to changing the erroneous belief of 
the people towards donation of blood [418]. Countries in the West African sub region 
need to be smart, flexible and do things differently to ensure the adequacy and safety 
of blood transfusion service delivery in the sub region. Efforts should be made to 
make transfusion safer by implementing best practices in donor selection and screen-
ing. The use of other alternatives to allogenic blood (autologous transfusion, use of 
pharmacologic agents like oral, IV iron and erythropoietin to optimize haemoglobin 
of patients particularly those going for elective surgery, optimal management of 
trauma and associated major haemorrhage (trauma, surgical, ante and post-partum) 
by using haemorrhage limiting medication like antifibrinolytic, prothrombin com-
plex concentrate, Novo7 and vitamin K [419]. The implementation of component 
therapy and universal leucodepletion of blood products will go a long way in ensuring 
the optimal management and safety of our limited allogenic blood stock. The need for 
the National blood transfusion services across the sub region to work synergistically 
under the umbrella of ECOWAS cannot be over emphasized to drive the organization 
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and management, blood donor recruitment, collection, testing of donor blood and 
appropriate clinical use of blood. The sub region will need to invest significantly on 
human and infrastructural capital development by increasing the budget for training 
aimed at an increasing the number of transfusions service-related skilled workforce, 
providing an enabling working environment and proper renumeration of health 
workers. These implementations have the potential to improve the access to adequate 
and safe blood transfusion across the sub region.

7. Conclusion and recommendations

Blood transfusion service delivery across the west African sub region faces 
 daunting but surmountable challenges bordering around adequacy and safety. The 
challenge of providing adequate and safe blood and blood product across the sub 
region is multi-dimensional and include; lack of transfusion policies and a fit for 
purpose National blood transfusion service in some ECOWAS countries, reliance 
on unsafe family replacement and commercial remunerated donors rather than 
safe benevolent voluntary non-remunerated donors who donate blood for altruistic 
purpose, suboptimal funding required to fund a quality blood transfusion service, 
inadequate number of skilled manpower, lack of political will to implement the 
haemovigilance system, reliance on suboptimal antibody-based screening method 
for donor screening for HIV, transfusion of leucocyte rich whole blood rather than 
leuco-depleted component therapy, suboptimal pre-transfusion screening of patients 
that require a red cell transfusion, poor cold chain management of blood and blood 
products, absence of specialized blood products like gamma irradiated blood CMV 
negative and antigen negative blood etc. required by certain patients group, poor 
management of Rh negative pregnancy and absence of universal access to anti-D 
prophylaxis, absence of a quality management system-based blood transfusion 
service, absence of indication coding tool to facilitate the effective clinical use of 
blood, lack of alloantibody prevention measures, poor management of haemolytic 
disease of the foetus and newborn, suboptimal use of laboratory testing to deter-
mine the coagulopathic status of patients billed for surgery to facilitate the effective 
management of the coagulopathy prior to surgery to reduce the risk of haemorrhage, 
poor management of major haemorrhage, suboptimal use of pharmacologic and non-
pharmacologic alternatives to allogenic blood in anaemic and bleeding patients. These 
factors affect the adequacy and safety of blood transfusion across the sub-region.

8. Recommendations

We recommend the implementation of the following evidence-based best prac-
tices to ensure the safety, adequacy and timely provision of blood and blood products 
across the West African sub-region.

1. Countries in the sub region should implement a blood component to facilitate 
the optimum utilization of donated blood.

2. Implementation of a policy on universal leucodepletion of blood products 
transfused across the sub region to prevent the challenges associated with the 
transfusion of leucocyte- rich blood products.
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3. There is need for government across the sub region to invest significantly in 
funding the national blood transfusion services to facilitate the safety and ad-
equacy of blood transfusion.

4. Governments across the ECOWAS region need to invest in critical infrastruc-
ture including the utilization of the readily available green solar energy resource 
to manage the cold chain management of blood and blood products.

5. There should be the implementation of evidence-based best practices in alloim-
munization prevention to prevent the incidence of haemolytic disease of the 
foetus and newborn across the sub-region.

6. Implementation of best practices in pre-transfusion testing including alloanti-
body screening and panel testing for patients whose alloantibody screening is 
positive to facilitate the provision of antigen negative donor blood for transfu-
sion to the recipient.

7. There is need for a paradigm shift from the use of the less sensitive conventional 
tube method to the more sensitive column agglutination technique for blood trans-
fusion testing including blood group, alloantibody testing and crossmatching.

8. There is need to develop a major haemorrhage protocol for use across the region 
to facilitate the effective management of patients with major haemorrhage.

9. Implementation of a donor screening algorithm for use across the sub region 
that reduces the risk of introducing donor blood in the window phase of trans-
fusion -transmissible viral infection into the subregional blood pool.

10. There is need to develop a sub-regional protocol for the management of transfusion 
dependent patients to implement best practices like the implementation of extend-
ed phenotyping and universal access to use of chelating agents in these patients.

11. Implementation of a sub-regional indication coding tool to facilitate the effec-
tive clinical use of blood and blood products.

12. Provision of specialized products that is clinically indicated in several patients’ 
groups like gamma irradiated blood, CMV negative blood, antigen negative 
blood, etc.

13. Implementation of a quality management-oriented blood transfusion service 
across the sub region that facilitates the delivery of a continually improving 
quality transfusion service.

14. There is need for the optimum remuneration, motivation and retention of 
healthcare workers involved in the entire blood transfusion process to prevent 
the brain drain of the sub-region human resource assets.

15. There is need for countries across the sub region to provide adequate budgetary 
allocation for the running of National Blood Transfusion services to facilitate 
the adequacy and safety of blood transfusion service delivery.
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16. The is need for implementation of best practices, in patient identification, 
informed consent, prescription, pre- transfusion sampling, collection of blood 
from storage area, receipt of blood in clinical area, administration and monitor-
ing during blood of transfusion.

17. There is need for the implementation of a sub-regional policy that promote 
the use of pharmacologic and non-pharmacologic alternatives in anaemic and 
bleeding patients to facilitate the optimum utilization of our limited allogenic 
blood stock on patients in whom these alternatives are contraindicated.

18. The implementation of a policy on universal access to anti-D prophylaxis in 
non-previously sensitized pregnant Rhesus D negative women as well as the 
introduction of cell-free foetal DNA testing for all Rh D negative pregnant 
women across the sub region to identify those carrying Rh D negative foetuses 
for which the use of the prophylaxis can be spared.

19. Facilities for non-invasive foetal maternal haemorrhage testing (Kleihauer or 
flow cytometry) should be provided to facilitate the optimum management 
of Rhesus D negative non-previously sensitized pregnant women following a 
potential sensitizing event to facilitate the administration of optimum dose of 
anti-D prophylaxis to prevent the women from being sensitized.

20. There is urgent need for the implementation of a unified haemovigilance system 
across the sub region that facilitates the reporting of all near misses, adverse 
events and reaction associated with donation and transfusion of blood allowing 
for the provision of a continually improving transfusion service delivery across 
the sub region.

21. There is need for the implementation of a policy that promotes safe and altru-
istic voluntary non- remunerated donor run national blood transfusion service 
rather than the unsafe family replacement donor system.

22. There should be a sub-regional policy to outlaw unsafe commercial remuner-
ated donation of blood.
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Chapter 8

Clinical Effects  
and Possible Mechanisms 
of Transfusion-Related 
Immunomodulation
Yavuz Memis Bilgin

Abstract

Allogeneic blood components are commonly transfused in trauma, surgery, and 
intensive care units and are related with adverse effects, such as postoperative infections, 
multi-organ failure, and mortality. The adverse effects of blood transfusions on the 
immune system are called as transfusion-related immunomodulation (TRIM). Many 
clinical trials are conducted to show the clinical effects of TRIM. They found in different 
clinical settings controversial results. There are many possible mechanisms of TRIM. 
Although until now, the exact mechanisms are not elucidated resulting in a challenge 
to unravel this complex interaction between immunomodulation and clinical events 
leading to morbidity and mortality. It has been postulated that allogeneic leukocytes 
are associated with the clinical adverse effects of TRIM that predominantly is observed 
in high-risk patients as cardiovascular surgery. Allogeneic leukocytes could activate 
inflammation cascade leading to adverse events in high-risk patients. Also other blood 
components as red cells, plasma, and platelets can play a role in the development of 
inflammatory complications after blood transfusions. In this review, we will discuss the 
clinical effects and the possible mechanisms of TRIM in relation with allogeneic leuko-
cytes and mediators derived from allogeneic blood transfusions.

Keywords: transfusion-related immunomodulation, red cells, leukocytes, plasma, 
platelets, infections, multi-organ dysfunction syndrome, mortality,  
inflammatory response, coagulation system

1. Introduction

Until the discovery of the ABO blood groups in the early 1900s blood transfusions 
were a high-risk procedure: more than 50% of the recipients of blood did not survive. 
The discovery of the ABO blood groups followed by the development of citrate 
as anticoagulant to prevent clotting of blood enabled the start of a long history of 
transfusion medicine. Since blood component transfusion of red blood cells (RBCs), 
platelet concentrates, and plasma became possible over time, blood transfusions 
became gradually considered as safe for the treatment of blood loss and other causes 
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of anemia [1]. Allogeneic blood components are commonly transfused in trauma, 
surgery, and intensive care units (ICUs); up to 60% of these patients receives a blood 
transfusion [2, 3]. It is known that allogeneic blood transfusions have adverse effects 
which can lead to deleterious outcome in recipients. These effects of allogeneic blood 
transfusions are called transfusion-related immunomodulation (TRIM). The clini-
cal effects of TRIM are most seen in high-risk patients as to cardiac surgery [4]. In 
this review, we will focus on the clinical effects and possible mechanisms of TRIM, 
especially in patients at high risk.

2.  Transfusion-related immunomodulation (TRIM) in different clinical 
settings

The existence and possible mechanisms of TRIM are not yet fully discovered. Many 
factors might contribute to TRIM. Allogeneic leukocytes and (leukocyte-derived) soluble 
mediators in blood products were considered as most important [4]. Through filtration, 
the number of allogeneic leukocytes in donated blood can be reduced by more than 
99.9% with a residual leukocyte count of less than 1x106/L. Leukocyte-depleted blood 
transfusions were applied since the 1980s to reduce nonhemolytic febrile transfusion 
reactions, human leukocyte antigen (HLA) allo-immunization, and Cytomegalovirus 
(CMV) transmission in patients at risk. In early 2000s, in many Western countries, 
universal leukocyte depletion of allogeneic blood transfusion was implemented.

In the 1970s, it was discovered that pretransplantation allogeneic blood transfu-
sions improved a subsequent renal allograft survival [5]. It was hypothesized that 
allogeneic leukocytes present in the blood components could lead to an immunosup-
pressive transfusion effect resulting in impaired cancer surveillance and to suscep-
tibility for postoperative infections [4, 6, 7]. Although, two randomized controlled 
trials (RCTs) compared buffy-coat-poor red blood cells (RBC) with filtered RBC on 
cancer recurrence after colorectal surgery. Both studies found no difference in recur-
rence after 5 years [8, 9]. Therefore, a possible immunosuppressive effect of allogeneic 
blood transfusion on cancer recurrence is not found.

On the other hand, many observational studies showed an association between 
postoperative infections and allogeneic blood transfusions. The presumption was that 
the immunosuppressive effect of leukocyte-containing RBC transfusions was respon-
sible for postoperative infections. Many RCTs were conducted in various clinical 
settings, evaluated postoperative after leukoreduced (LR) RBC transfusions. These 
studies varied as to single- or multiple-center design, clinical diagnosis, methods to 
document infections and proportion of transfused patients ranging between 14 and 
95% and revealed different outcomes.

Several meta-analyses were performed investigating the effects of, allogeneic 
leukocyte-containing, buffy-coat-depleted (BCD) RBC transfusions, but these came 
also to controversial conclusions. Meta-analyses using intention-to-treat analyses 
seldom found an association between LR transfusions and postoperative infections 
[10]. A meta-analysis, restricted to transfused patients only, thereby excluding 36% 
of the study population, reported up to almost 60% reduction in postoperative infec-
tion after transfusion of LR RBC [11]. The effect of LR RBC was mainly observed in 
patients undergoing cardiac surgery. On the other hand, mortality was also investi-
gated in different clinical settings. Overall, no adverse effect of leukocyte-containing 
transfusions on short-term mortality has been found. Only in cardiac surgery, the 
mortality rate was significantly decreased in patients who received LR RBC [10].
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3. Cardiac surgery and allogeneic blood transfusions

Coronary artery bypass graft (CABG) surgery is a frequently performed interven-
tion to re-vascularize the myocardium. Worldwide, approximately 1 million patients 
are undergoing cardiac surgery annually. The current mortality rate after cardiac 
surgery is low, and cardiac surgery has become a routine procedure. Although the 
number of patients who receive blood transfusions and the numbers of transfused 
blood products became lower in time, patients undergoing cardiac surgery still receive 
more blood transfusions compared to other surgical settings. Due to hemodilution 
and consumption of coagulation factors and platelets in the extracorporeal circuit, 
patients undergoing cardiac surgery can develop severe bleeding complications. In 
cardiac surgery, transfusion rate varies between 27 and 92% and estimated approxi-
mately 10% of the total blood supply worldwide [12]. Also platelets and plasma are 
frequently transfused to patients undergoing cardiac surgery.

After cardiac surgery, patients generally stay at an intensive care unit (ICU) for as 
long as mechanical ventilation and cardiac inotropic drug support is needed. Anemia 
is often encountered in the ICU in surgical patients and is of multifactorial origin. 
Besides, hemodilution by abundant intravenous infusions, decreased RBC production 
due to iron deficiency and inappropriate erythropoietin response due to inflamma-
tory mediators in critically ill patients, reduced RBC survival, and increased (drug-
induced) hemolysis may contribute further to postoperative anemia in ICU patients 
[13–15]. A prospective observational study in several ICUs found that approximately 
29% of the patients reached a hemoglobin value of less than 6.2 mmol/l (10.0 gr/dl) 
with a transfusion rate of 37%. Of the patients with an ICU stay >7 days, 73% had 
received allogeneic RBC transfusions. Overall mortality was almost twice as high in 
patients who received RBC transfusions compared to patients who were not trans-
fused. In critically ill patients, blood transfusions have been associated with mortal-
ity, ventilator-associated pneumonia, acute respiratory distress syndrome (ARDS), 
and bloodstream infections [16–20]. Also transfusion of platelets and plasma were 
reported to contribute to the development of these complications [21, 22].

The effect of allogeneic blood transfusions containing leukocytes was predomi-
nantly present in cardiac surgery. This was observed in two RCTs. One random-
ized controlled trial, aimed to investigate the development of HLA antibodies and 
postoperative infections after RBC transfusions in cardiac surgery (CABG +/− valve 
surgery), found surprisingly a higher mortality rate in patients receiving leukocyte-
containing RBC transfusions [23]. Mortality due to multi-organ dysfunction syn-
drome (MODS) was the major cause of excess deaths after non-LR transfusions. In 
this study, patients were randomized to three different blood products; BCD RBCs 
were compared with two filtered RBCs: either fresh filtered RBCs before storage 
(FF) or stored filtered RBCs (SF). Between the two types of filtered RBCs, the 
mortality rate was not different. A subsequent RCT conducted in high-risk cardiac 
surgery (anticipating higher transfusion needs) investigated the effect of leukore-
duction on the incidence of MODS but found no difference after BCD or LR RBCs 
[24]. However, MODS (with the presence of postoperative infections) as a cause of 
death occurred more often in patients who received BCD RBC [25]. Recently, in 150 
patients undergoing cardiac surgery, it was found that patients receiving leukocyte-
containing blood transfusions had longer ICU stay and hospital stay, and the duration 
of mechanical ventilation was longer. These patients had more risk for developing 
postoperative kidney injury [26]. A meta-analysis in patients undergoing cardio-
vascular surgery concluded that leukocyte-depleted blood transfusions resulted in 
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significant reduction in postoperative infections (OR = 0.77, 95% CI = 0.66–0.91) and 
all-cause mortality (OR = 0.69, 95% CI = 0.53–0.90) [27]. Further, a large analysis 
enrolling >14.000 patients undergoing cardiac surgery and hip surgery or admitted to 
ICU after surgery or trauma observed after universal leukoreduction significant lower 
in-hospital mortality and decreased incidence of fever and antibiotic use in patients 
receiving blood transfusions [28]. The available findings support the standard use of 
LR in cardiac surgery, if universal leukoreduction is not implemented [29].

As possible explanation for these differences in cardiac surgery, it was postulated 
that patients undergoing cardiopulmonary bypass develop a systemic inflamma-
tory response syndrome (SIRS), where allogeneic blood transfusions could have a 
complementary role. Generation of inflammatory mediators may be associated with 
more complex and longer surgery, whereas these patients receive also larger amounts 
of blood transfusions. During cardiac surgery, blood is exposed to the extracorporeal 
circuit, hypothermia, and ischemia/reperfusion injury. These insults are potent 
inducers of a stress response. SIRS usually resolves with adequate supportive therapy, 
and most of the patients recover. However, overwhelming SIRS can dominate and 
progress to MODS, which may lead to mortality [30]. Transfusion of leukocyte-con-
taining RBCs to a patient with an already existing inflammatory cascade can contrib-
ute to an increased morbidity and mortality (second hit). It has been hypothesized 
that leukocyte-containing RBC transfusions can further imbalance SIRS leading to 
aggravation of MODS and could finally result in death [31].

4. Possible mechanisms of TRIM

Many factors present in allogeneic blood products have been proposed to induce 
TRIM. These can due to factors derived from leukocytes, red blood cells, platelets, 
and plasma [32, 33].

4.1 Leukocyte-derived factors

Clinical studies suggested that allogeneic leukocytes are responsible for the 
deleterious effects of (leukocyte-containing) blood transfusions. In blood products 
up to 5x106/L, residual leukocytes can present. Probably by apoptosis, these residual 
leukocytes and leukocyte-derived mediators or residual leukocytes may induce 
immunomodulation [34]. Also after transfusion, microchimerism may be present 
2 years after transfusion in 25% of trauma survivors, which can contribute to the 
development of immune suppression [35]. Further, interaction between residual 
leukocytes from allogeneic blood transfusion and recipient’s lymphocytes may result 
in allo-immunization [36]. Also leukocytes became apoptotic during the storage of 
blood products. These factors can lead to immunomodulation [37, 38]. One study in 
cardiac surgery showed as a marker for apoptosis an increase in Fas ligand in patients 
receiving leukocyte-containing blood [26]. Although a direct causal interaction 
between residual leukocytes and postoperative complications related with allogeneic 
blood transfusions remains uncertain.

Soluble leukocyte-derived factors, like cytokines and HLA molecules, can 
modulate recipient’s immune system. It has been suggested that pro-inflammatory 
and anti-inflammatory cytokines can accumulate during the storage of allogeneic 
blood transfusions [39]. Also degranulation products of remaining leukocytes 
like histamine, serotonin, elastase, and acid phosphatase can contribute to an 
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immunomodulatory effect [40]. In a multivariate analysis, the number of contami-
nating leukocytes and the storage duration of RBCs were the most significant factors 
associated with febrile nonhemolytic transfusion reactions [41]. Further, it has been 
suggested that interleukin-8 may be the cause of transient posttransfusion leuko-
cytosis in critically ill patients [42]. Few studies investigated the effect of allogeneic 
(leukocyte-containing) blood products on the cytokine balance. These studies 
compared cytokine profiles in patients receiving leukocyte-containing RBC transfu-
sions with patients who did not receive any transfusions. In one study in cardiac 
surgery, an association was found between allogeneic RBC transfusions and postop-
erative increase of bactericidal/permeability-increasing protein (BPI), a marker of 
neutrophil activation, and the pro-inflammatory mediator IL-6 [43]. However, the 
interaction between blood products and the concentrations of inflammatory media-
tors in relation with the outcome of the patients is unknown. Although, in one RCT 
between stored and then filtered and fresh filtered (lacking soluble mediators) RBCs, 
no association was found in postoperative mortality. This finding suggests that there 
is not a causal role for soluble mediators [23].

It has been observed that allogeneic leukocytes can increase a T-helper-2 (Th-2) 
response and suppress Th-1 response [44]. This was supported by one RCT that mea-
sured the profiles of some inflammatory mediators investigating the differences between 
LD and BCD RBCs [45]. The IL-6 levels were significantly higher at arrival at ICU in 
patients after transfusion of >3 units BCD RBCs compared with LD. The IL-10 levels 
were not associated with number and type of transfusions in patients with or without 
complications, although higher IL-10 concentrations were associated with hospital mor-
tality in both randomization arms. These results suggested that leukocyte-containing 
blood transfusions can aggravate the pro-inflammatory response after surgery.

4.2 Red blood cell-derived factors

During the storage of blood products, red blood cells alter and undergo rheologic 
changes, as impaired deformability, shape, and rigidity. Further, biochemical changes 
can occur as depletion of 2,3-diphosphoglycerate and nitric oxide scavenging, which 
result in impaired oxygen delivery [46, 47].

Hemolysis of red blood cells occurs during storage that can lead to accumulation of 
iron and heme, which can cause the formation of reactive oxygen species (ROS) and 
expression leading to tissue damage. Iron released during storage can lead to increased 
levels of non-transferrin-bound iron (NTBI) that can result in changes in leukocyte 
activation resulting in immunomodulation and production and release of pro-inflam-
matory cytokines [48]. Although, no difference in pro-inflammatory cytokine release 
was found in healthy individuals and prematures receiving old versus fresh red blood 
cell transfusions, while NTBI levels were significantly higher in patients receiving 
older RBCs [49, 50]. Also, phagocytosis of stored red blood cells in monocytes and 
macrophages can induce immunomodulation that results in production and release of 
pro-inflammatory cytokines [51]. Further, it was observed that microparticles from 
red blood cells accumulated during storage have also an inflammatory effect [52].

Several observational trials investigated the effect of storage time of red blood 
cells. These studies found controversial conclusions in different clinical settings 
[53–55]. Retrospective analysis suggested an association between transfusion 
of RBCs older than 14 days and postoperative infections after cardiac surgery. 
However, other studies could not confirm this and found also no association 
between mortality, infections, and hospital-stay [56]. However, others found no 
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effect of storage of red blood cells on mortality in critically ill patients [57]. Meta-
analysis concluded that the heterogeneity among available studies could not the 
question whether the storage of red blood cells can influence prognosis [58]. Until 
now, RCTs could not find any deleterious effects of transfusion of older RBCs 
compared with younger RBCs.

4.3 Platelet-derived factors

There are few data suggesting that platelets in stored blood products play a role in 
the development of TRIM. Platelets and platelet-derived particles can induce immune 
suppression and activation of an inflammatory response [59]. Also, platelets interact 
with leukocytes which results in the formation of aggregates and can involve in apop-
tosis and can thereby play a role in immunomodulation [60]. Leukocyte-containing 
RBCs contain prothrombotic soluble mediators, such as CD40L, which induce the 
synthesis of pro-inflammatory mediators that can further activate the coagulation 
system. Soluble CD40L and other cytokines released by platelets may play a key 
role in endothelial activation and can in turn activate the immune system leading to 
inflammation [61]. Whether platelets present in allogeneic red blood cell bags are 
involved in the development of TRIM is so far not known.

4.4 Plasma-derived factors

Plasma-derived products and all plasma-containing products can contribute to 
the development of transfusion-related acute lung injury (TRALI). Bioactive lipids 
which accumulate during the storage of plasma are involved in an immunomodula-
tory effect. In combination with neutrophil activation in plasma, bioactive lipids 
can induce TRALI [62]. TRALI is a life-threatening transfusion reaction with an 
estimated incidence of 1:1000 to 5000 plasma-containing blood transfusions. 
TRALI is defined as non-cardiogenic lung edema presenting within 6 hours after 
the completion of transfusion [63]. Endogenous neutrophil priming associated 
with the patient’s underlying illness, combined with bioactive lipids and modi-
fiers in blood products, can result in neutrophil-induced pulmonary endothelial 
damage leading to capillary leakage. It has been hypothesized that the presence of 
leukocytes contributes to the generation of bioactive lipids during storage, enhanc-
ing the accumulation of lipid-priming agents and neutrophil-priming factors [64]. 
Besides leukocyte-reactive antibodies present in donor plasma, soluble factors 
accumulating during the storage of red cells and platelet products have been 
associated with TRALI [65].

5. Effect of platelet and plasma transfusions on TRIM

A substantial proportion of patients undergoing major surgery and trauma 
receive, besides red blood cells, also platelet transfusions. In cardiac surgery, approxi-
mately 20% of patients suffer from bleeding and receive platelet transfusion. Studies 
in cardiac surgery showed that platelet transfusion was associated with threefold 
increase in stroke and fivefold increase in mortality [66]. In another study in cardiac 
surgery, platelet transfusions were associated with mortality in patients with post-
operative infections [67]. However, other studies found not an association between 
platelet transfusions and postoperative complications [68–70]. Patients who receive 
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platelet transfusions could be more sicker and have more complex course, so transfu-
sion of platelets could be a surrogate marker.

Plasma transfusions are predominantly transfused to patients who also receive 
large numbers of RBC transfusions. It has been suggested that plasma transfusions 
are associated with adverse outcome after cardiac surgery. A predominant role 
of plasma transfusions in cardiac surgery outcome was reported in one study in 
cardiac surgery [71]. Other studies that focused on plasma transfusions reported 
inconsistent findings [68, 72]. In another study, plasma transfusions were associ-
ated with mortality (with the presence of infections) [67]. This suggests that 
plasma transfusions (with the presence of soluble mediators) can contribute to 
postoperative inflammation in cardiac surgery. Because patients who need plasma 
transfusions often receive red blood cell and platelet transfusions, it is difficult to 
determine whether plasma transfusions are independent risk factors or are only 
confounders. Also one study found in >10,000 patients that the storage time of 
plasma transfusions was associated with early mortality, although late mortality 
was not [73].

The presented findings underscore the need for further studies to investigate the 
effects of all the various blood components transfused in cardiac surgery, as well 
as differentiate between adverse effects possibly associated with a specific blood 
component(s).

6. Allogeneic transfusion and thrombosis

Patients undergoing surgery or who suffer from cancer have a higher risk for 
the development of venous thromboembolism (VTE). Most observational studies 
investigating VTE ignored the role of allogeneic blood transfusion as a causal factor. 
Few studies found in cancer and after surgery that blood transfusions were dose-
dependently associated with VTE [74–76]. One study in 1070 patients undergoing 
cardiac surgery found a dose-dependent association with transfusion of blood prod-
ucts and VTE [77]. In patients receiving red blood cells, the incidence of VTE was 
16.7% and patients who received also plasma transfusions, this was almost doubled. 
The hypercoagulability and immobility after surgery could result in the activation of 
coagulation system, and in combination with blood transfusions this could result in 
higher risk in VTE.

It has been shown that platelets contain prothrombotic soluble mediators, which 
interact with leukocytes preceding apoptosis subsequently producing microparticles 
with procoagulant activity [60]. Leukocyte-containing RBCs contain soluble media-
tors, such as CD40L, which induce the synthesis of pro-inflammatory mediators 
that can further activate the coagulation system [58]. Recently, one study found in 
the bronchoalveolar lavage fluid, besides an increase in pro-inflammatory mediators 
IL-8 and TNF-alpha and also an increase in trombine-antithrombin complex (TATc), 
indicating the activation of the coagulation system in the lung [78]. Another study 
found an increase in levels of von-Willebrand-factor antigen in critically ill patients 
receiving a RBC transfusion. The von Willebrand factor antigen has a causal role in 
the activation of endothelium and also in the development of thrombi formation [79]. 
After cardiovascular surgery, the levels of plasma tissue factor are persistent high 
for 30 days, which can increase the risk of VTE [80]. In combination with plasma-
derived products in stored blood products, this can result in an increased activation of 
the coagulation system.
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7.  Interaction between inflammation and coagulation associated with 
blood transfusions

Patients undergoing major surgery or after trauma have a higher risk for the develop-
ment of both inflammation and thrombo-embolic complications. In these patients, both 
the inflammatory response and the release of pro-inflammatory mediators lead to an 
activation of the coagulation system and downregulate the anticoagulant system [81]. 
Activation of the coagulation factors can in turn activate inflammation. This may enhance 
the development of infections and microvascular thrombi [82]. Both thrombi and infec-
tions can be involved in the development and aggravation of MODS [83]. Further, by 
increasing the circulating red blood cell mass and vascular rheologic deformations by red 
blood cell transfusions, this process can be more pronounced. Also plasma and platelet 
transfusions can aggravate the activation of coagulation and inflammatory response.

There is a possible association between allogeneic blood transfusions and the 
formation of thrombosis, as a factor aggravating VTE and having a role in the devel-
opment of MODS which can lead to increased mortality in patients at high risk as in 

Figure 1. 
Association between blood transfusions inflammation, coagulation and MODS.
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cardiac surgery (Figure 1). This complex interaction and the role of allogeneic blood 
transfusions should be investigated in detail.

8. Conclusions

Nowadays, allogeneic blood transfusions are unavoidable. Although blood trans-
fusions are safe today, there are still concerns about transfusion-related complica-
tions. The immune-mediated complications of blood transfusions are referred as 
transfusion-related immunomodulation. The effects of transfusion-related immuno-
modulation are mainly observed in major cardiovascular surgery. Patients undergoing 
cardiovascular surgery are transfused with large numbers of red cells, plasma, and 
platelets. Although, the exact mechanisms of these immune-mediated complications 
are still not elucidated. The past studies showed that allogeneic leukocytes in blood 
transfusions play a pivotal role in the development of transfusion-related immuno-
modulation. Nowadays, in many countries, leukocytes are removed from transfused 
blood components, although the discussion about the immunologic effects of blood 
transfusions is continuing. In addition, by the activation of inflammatory system and 
release of mediators, the storage of blood components and transfusion of plasma and 
platelets can contribute to the development of transfusion-related immunomodula-
tion. Further, it has been suggested that allogeneic blood transfusions are associated 
with the development of thrombo-embolic events in high-risk patients as cancer 
and surgery. It has been suggested that allogeneic blood transfusions can activate an 
inflammatory response and a coagulation response. Both cascades can result in worse 
outcome in a high-risk patient. Probably, the term transfusion-related immunomodu-
lation is not sufficient for both inflammation and coagulation activation after blood 
transfusion. The term transfusion-related inflammation and coagulation (TRIC) 
could be more comprehensive and includes the activation of both cascades. More 
research (clinical and laboratory) are needed to unravel the effects of allogeneic blood 
transfusions in the activation of the inflammatory and coagulation cascades.
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Abstract

The intravenous infusion of blood components into someone’s circulation is 
known as a blood transfusion. For a variety of medical disorders, transfusions are 
performed to replenish lost blood components. In the past, whole blood was used 
for transfusions, but in modern medicine, just the blood’s constituent parts—such as 
red blood cells, white blood cells, plasma, clotting factors, and platelets—are fre-
quently employed. A typical blood service is a multidisciplinary system that requires 
a wide range of specialists. These people include medical scientists, and technical 
professionals as well as the nursing staff. Several elements, including the workplace 
environment, the availability of essentials like PPE, gloves, and water, the training of 
employees, and the formulation of policies, affect how effective a transfusion service 
is. To comprehend Personnel for Blood Transfusion Services in Nigeria: A multicentre 
cooperative study, the study reviews pertinent literature.

Keywords: blood, hemorrhage, transfusion, blood products, blood transfusion

1. Introduction

Richard Lower at Oxford carried out the first known animal-to-animal (a dog) 
blood transfusion in 1665, and Jean-Denis carried out the first known animal-to-human 
blood transfusion in 1667. James Blundell carried out the first human-to-human blood 
transfusion in 1818 [1, 2]. Ottenberg performed the first pre-transfusion cross-match 
in 1907 using Landsteiner’s classification of the ABO blood grouping system, which 
was created in the year 1900. In the year 1940, Landsteiner and Wiener developed 
the Rh-type system. Following this, significant discoveries in the twentieth century 
enabled the use of component therapy, including the development of anticoagulant and 
preservative solutions, refrigeration, plastic blood bags, component delivery, infectious 
disease testing, high-risk donor screening, etc. [1, 2].

Since its beginning in the early twentieth century, transfusion medicine has 
advanced. Among these was the realization that blood can be separated into its parts 
and supplied individually [1, 2]. Nowadays, blood transfusions almost invariably 
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involve the infusion of one or more blood products. Whole blood transfusions are 
now only performed in cases requiring intensive restoration (trauma). The most 
well-known cellular constituents are packed red blood cells (PRBC), washed PRBC, 
leuko-reduced PRBC, and pooled or aphaeresis platelets. Hemophilic factor (CRYO), 
FFP, and cryoprecipitate are examples of plasma-derived products [1, 2]. In periop-
erative and peripartum settings, the transfusion of red blood cells (RBCs), platelets, 
fresh frozen plasma (FFP), and cryoprecipitate has the potential to improve clinical 
outcomes.

Blood transfusions can save lives, but they can carry hazards, such as noninfec-
tious and infectious consequences [3]. Despite significant advancements in blood 
safety since the 1980s, when it was revealed that HIV could be transmitted through 
blood transfusions, blood transfusions still carry a distinct risk of poor patient 
outcomes [1–4]. Blood transfusions have been linked to higher mortality rates, longer 
hospital stays due to infections and sepsis, and malfunction of several organ systems 
[4, 5]. In a recent meta-analysis of 19 prospective, randomized studies comparing 
restricted with liberal transfusions in more than 6000 patients, it was discovered that 
adherence to restrictive blood transfusion reduced hospital mortality and postopera-
tive infections. These observed negative patient outcomes may be partially explained 
by erythrocyte damage related to the length of blood storage. Old blood may have a 
predisposition to hemolyze in vivo, producing vaso-constrictive cell-free hemoglobin, 
according to canine studies. Post-transfusion, patients also have lower erythrocyte 
membrane deformability that is correlated with blood storage time [4–6]. Finally, 
some people appear to limit the use of blood transfusions due to potential recognized 
and unknown hazards such as the spread of blood-borne viruses. Similar to the last 
example, transfusion is only necessary to enhance viscosity in extreme cases of hemo-
dilution. Circulation may be hampered by high viscosity on its own. Additionally, 
the delivery or consumption of oxygen at the tissue level is not instantly increased by 
transfused blood [6, 7]. There are, therefore, few clinical circumstances in which a 
blood transfusion is advantageous to the patient and improves results. After assessing 
the advantages and disadvantages of blood transfusion, the decision to administer 
blood should be made [6, 7].

All medical professionals who deliver blood or blood-derived products must 
complete specialized training regarding safe transfusion techniques and have a com-
prehensive understanding of the transfusion administration procedure. Most com-
monly, people refer to them as Transfusion Personnel (TP). The phrase “Transfusion 
Personnel” or “Transfusion Practitioner” (TP) is a term used in the workplace to refer 
to a variety of positions, including those of transfusion nurse, transfusion instructor, 
transfusion health and safety committee, transfusion control officer, transfusion 
clinical nurse, and hemovigilance officer. The TP role has been in place for many years 
in some nations [7, 8], and more lately, additional nations are putting it into practice.

The majority of the TP activity is concentrated on patient blood management, 
transfusion governance, monitoring practice, adverse event management, and 
education (PBM). Very frequently, the TP serves as the informational hub, bringing 
together the available resources, studying the activities carried out by transfusion col-
leagues in other centers, gathering audit data, and assessing how these efforts might 
be advantageous within their healthcare facility [7, 8]. However, there is a need for all 
personnel involved in transfusion service to have a common goal and work together 
efficiently, this research will examine Personnel for Blood Transfusion Services in 
Nigeria: A multicentre cooperative Study.
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2. Blood transfusion

The World Health Organization (WHO) recommends 10 units of blood per 
1000 people, which means that in order to meet the demand for transfusions for an 
estimated 800 million people, 8 million units of blood are now required [7–9]. Blood 
transfusion is still a life-saving medication. While blood supply and blood safety are 
well recognized in developed countries, access to blood is extremely limited in Africa, 
and the availability of hazardous blood raises serious public health concerns about 
blood safety. A blood transfusion may be necessary in cases of obstetric hemorrhage, 
auto accidents, armed conflicts, sickle cell disease, anemia, particularly in youngsters, 
malnutrition, HIV, malaria, parasitic diseases, cases obstetric hemorrhage, auto 
accidents, violent conflicts, sickle cell disease, anemia, particularly in youngsters, 
malnutrition, HIV, malaria, and parasitic diseases, a blood transfusion may be neces-
sary. Therefore, it is crucial to consistently draw attention to the reaction to blood 
transfusions, potential causes, anticipated symptoms and indicators, preventive 
measures, and suitable therapy [9, 10].

Intravenous infusion of blood components into a person’s circulation is known 
as a blood transfusion [3, 11]. For a number of medical disorders, transfusions are 
performed to replenish lost blood products. Early transfusions used whole blood, but 
in contemporary medical practice, only blood components including red blood cells, 
white blood cells, plasma, clotting factors, and platelets are frequently employed. 
Hemoglobin is a component of red blood cells (RBC), which carry oxygen to the 
body’s cells. White blood cells, which are a component of the immune system and 
combat infections, are not frequently employed during transfusion [10, 11].

Transfusion of blood employs either the donor’s or the recipient’s own (autologous 
transfusion) blood as a supply of blood (allogeneic or homologous transfusion). 
The second is significantly more typical than the first. Blood donation is the initial 
step in the process of using someone else’s blood. Whole blood taken intravenously 
and combined with an anticoagulant is the most common type of blood donated. 
Donations are typically anonymous to the recipient in developed nations, but blood 
bank products are always individually traceable throughout the entire cycle of dona-
tion, testing, component separation, storage, and administration to the recipient 
[3, 4]. As a result, any suspected infection transfer or transfusion reaction can be 
managed and investigated. In less developed nations, the donor may occasionally be 
specifically sought out by or for the receiver, who is often a family member, and the 
donation takes place right before the transfusion. It is not known whether using an 
alcohol swab alone or in addition to the use of an antiseptic can lessen contamination 
of the donor’s blood [10, 11].

Blood and blood products cannot be synthesized or kept in storage for an extended 
period of time, making blood transfusion services a vital component of healthcare 
services. Therefore, it is essential to control blood demand and availability properly 
to maintain a sufficient provision of safe blood [12]. Because sustaining a sufficient 
supply of safe blood is essential for many patients, the inability to manage blood 
inventory and the ensuing blood shortage is regarded as dangers to national and 
worldwide health security. If health officials do not take rapid corrective action, blood 
shortages cause the failure of blood transfusion services, which leads to the break-
down of the health system and health insecurity [11–15]. In addition to endangering 
public health, an imbalance between blood supply and demand is one of the biggest 
dangers to the stability of the national and global economies and security. The view of 
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health concerns as a danger to global health security has advantages because it gets the 
support and attention of government and policy-makers. The management of blood 
supply and demand should be handled in accordance with international health rules 
and policies, which should be periodically updated [12, 16].

Replace the entirety of this text with the main body of your chapter. The body 
is where the author explains experiments and presents and interprets data of one’s 
research. Authors are free to decide how the main body will be structured. However, 
you are required to have at least one heading. Please ensure that either British or 
American English is used consistently in your chapter.

2.1  Personnel for blood transfusion services in Nigeria: a multicentre cooperative 
study

A typical blood service is a multidisciplinary organization that employs a wide 
range of specialists. These people include laboratory scientists and technical profes-
sionals, as well as the nursing staff. The efficiency of the staff who are properly 
trained for the jobs they must do in the service determines the effectiveness of a blood 
service in addition to the availability of appropriate tools and other working materials 
in a supportive working environment. Different fundamental academic and profes-
sional requirements apply to each category of professionals, although blood handling 
and management skills are exclusive to this workforce and are necessary for all cadres. 
One of the elements that contribute to an effective and efficient blood service is the 
availability of facilities and mechanisms for pertinent training [17, 18].

Any health intervention approach needs organization and oversight to be  
successful, and both are essential when developing a blood safety infrastructure. In 
order to build a working blood transfusion service, there must be national coopera-
tion, backing from the government, and policy that is tailored to the requirements of 
a specific nation. One size does not, however, suit all [18]: despite their geographic 
proximity, the regional nations frequently have wildly dissimilar resources and 
infrastructure, thus it is important to understand each environment and customize 
policy making to it. In contexts with limited resources, it is crucial to develop goals 
that take into account the nation’s overall health issues as well as the logistics and 
cost. Although legislation can be used to enforce policy, it should not be utilized as a 
substitute for organized development [17, 18]. Liberal transfusion practice with poor 
standards is a result of prescribing physicians’ lack of expertise and training. Similar 
to this, strict adherence to laboratory transfusion triggers rather than clinical anemia 
leads to needless blood supply depletion. Additionally, the transfusion service is 
usually fragmented, resulting in little connection between the blood center and the 
hospitals or prescribing physician, which makes it impossible to supervise transfu-
sion practice [19].

The requirement for strong organizational support is reiterated in strategies 
addressing the policy. The ministry of health collaborated with international and 
nongovernmental organizations, such as WHO-African Region, who would be 
potential candidates to oversee this on a regional basis [19, 20]. Regional transfusion 
services with more advanced infrastructures can potentially take the lead and support 
their neighbors. For instance, the South African National Blood Service (SANBS) 
now conducts donation serology and Nucleic Acid Testing (NAT) laboratory testing 
for Namibia blood transfusion service. Utilizing transfusion committees prepared to 
track blood usage and audit practice in accordance with established logical principles, 
national frameworks must be disseminated at the hospital level. Staff members who 
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hold dual appointments at the hospital and the blood center may also help to close the 
gap between the two institutions. Finally, the successful implementation of clinical 
recommendations depends on education and training [20, 21].

Currently, a large number of both private and public institutions in Nigeria oper-
ate hospital-based transfusion services to sustain the country’s blood supply [20, 21]. 
In this case, each institution finds its own blood donors, checks them for TTIs, and 
then stores the units for use in clinical procedures. Blood units are frequently saved 
for intended recipients in hospital-based transfusion services [12, 16, 22], even if they 
might not need them until after their shelf life has passed. Due to this technique, there 
are more discarded blood products and few available blood products. Another signifi-
cant drawback of decentralized hospital-based transfusion programs is the tendency 
for blood units to be “mal-distributed;” at one hospital, there may be an abundance 
with a propensity for waste due to expiration, while in a nearby hospital, there may be 
a severe shortage [20, 21, 23].

Effective blood usage is a part of rational blood use. Differential fractionation 
of whole blood into derived red cells, plasma, cryoprecipitate, and platelets—also 
known as component therapy—is a method to increase effectiveness [24]. In the 
developed world, when parent blood products can be varied, this is the predominant 
practice. In contrast, given the significant plasma portion that contains antibodies, 
entire blood must be transfused to a patient whose ABO type matches the donor. A 
group O unit of whole blood, for instance, must be given to group O receivers only 
until it has been determined that the recipient has a low antibody titer. Group O red 
cell components, however, can be safely given to any recipient. Additionally, the 
enormous amount of whole blood puts recipients at risk for circulatory overload 
brought on by transfusion. In the WHO study from 2006, only seven of the 46 nations 
had a national policy for the distribution of fractionated plasma products, and 24 of 
the 39 responding countries were still transfusing more than 75% of their blood as 
whole blood. The more recent assessment of 7 blood centers in Francophone, Africa 
[24] confirmed these findings.

Critical steps that must be taken to guarantee the safety of blood units include 
screening donor blood and quarantining blood and blood components. They should 
be released for clinical or manufacturing use, or they should be discarded, depending 
on the screening results. Blood samples taken at the time of donation should undergo 
laboratory testing for TTIs. All blood tests must be carried out and recorded using 
standardized protocols in laboratories that are fully equipped to do so [23–25].

TTI indicators (HIV antigen-antibody, HBsAg, anti-HCV, and syphilis) are regu-
larly screened for in blood transfusion facilities at the same time [25, 26]. In order for 
the blood or blood components, particularly labile ones like platelets, to be discharged 
right away, screening time must be minimized. Reactive contributions are initially 
isolated and separated. The donor is then either disregarded or additional testing is 
done, depending on the technique the laboratory utilized. Sequential screening may 
be used in some labs by initially looking for one or two infection indicators. No addi-
tional testing is done on this donor if a reactive outcome is received. The prevalence 
of infections in the population of blood donors will have an impact on the screening 
approach for selecting the test or tests that are conducted first. In nations where the 
incidence of one TTI is higher than that of another, sequential screening may be 
used. For instance, HBsAg may be checked first when the prevalence of hepatitis B is 
higher than that of HIV and HCV [25–27]. Only HBsAg negative contributions would 
subsequently be subjected to syphilis, HIV antigen-antibody, and anti-HCV testing 
in this scenario. On donations that show a positive result on the HBsAg screening 
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test, no assays for these viral markers would be run. There is hence a chance for cost 
reductions, particularly if donations that have already tested positive for HBsAg do 
not require the more expensive assays [25–27].

2.2 The need for laboratory staff in transfusion services

When performing the tests and assessing the data, laboratory staff should always 
follow the national screening approach, protocol, and standardized methods. The likeli-
hood of analytical and transcribing errors, particularly false negative results, will be 
reduced when laboratory tests are conducted in a high-quality environment with knowl-
edgeable employees and a functional documentation system [27]. Blood screening seeks 
to identify infection-related indicators in order to stop the distribution of contaminated 
blood and blood components for clinical use. Strategies for blood screening are intended 
to ensure the security of blood units; nevertheless, they should not be utilized to inform 
blood donors of reactive test findings. Before informing donors of their infectivity 
status, the proper confirmatory testing technique for blood donor management should 
be used. When deciding whether to release blood units for clinical use, all testing for 
infection indicators for TTIs and blood group serology should be considered.

In most cases, donors must consent to the procedure; as a result, minors cannot 
donate without the approval of a parent or legal guardian. In some nations, such as 
the United States, names are maintained in order to compile lists of ineligible donors, 
while in others, such as several European nations, only the donor’s blood is associated 
with the responses to ensure anonymity. A potential donor is “delayed” if they do not 
meet these requirements. Due to the possibility of later approval for many ineligible 
donors, this word is utilized.

The following skills are anticipated of a competent Medical Laboratory Scientist in 
the field of blood transfusion services [12, 17]:

• In the blood transfusion laboratory, have a working knowledge of quality man-
agement systems (QMS), validation, and good management practices.

• Understanding the clinical significance of all blood group systems’ serological 
features

• Mastery of all laboratory techniques for blood safety in terms of serology and 
microbiology

• Preparation and standardization of reagents used in blood transfusion  
procedures, such as antisera

• Proficiency in blood donation protocols, as well as in the handling, processing, 
and storage of blood and blood-related materials

• The resolution of unusual and negative situations, medical-legal concerns, and 
blood transfusion procedures.

• Using Electronic medical systems and being familiar with automation (BECS)

• understanding of the scientific techniques involved in hemopoietic stem cell 
transplantation and its immunology
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With these skills in place, Nigerian medical laboratory scientists are trained to 
produce professionals who can work productively in the core laboratory functions of 
any blood service or hospital blood transfusion department.

2.3 Role of nurses in transfusion services

Nursing plays a significant part in ensuring transfusion safety since the nurse 
practitioner is responsible for understanding the indications for transfusions, double-
checking data to prevent errors, educating patients on blood transfusion, identifying 
and responding appropriately to transfusion responses, and recording the procedure 
[27, 28]. Nursing’s role is essential for the effective management of transfusion reac-
tions to achieve the desired outcomes for two primary reasons: nurses are the final 
link in the chain of the transfusion process and nursing-related tasks dominate the 
transfusion process. As a result, nurses must possess sufficient skills and knowledge 
in the transfusion of blood and blood products [29].

As the nursing team is responsible for recognizing the indications for blood 
transfusion, examining data to prevent errors, disseminating information about blood 
transfusion, diagnosing transfusion responses, and documenting the processes, a 
nurse plays a critical role in ensuring blood transfusion safety [29, 30]. As a crucial 
process, blood transfusion requires knowledge and skilled specialists to preserve 
patient safety. The risk of blood transfusion is reduced by qualified and experienced 
nurses. There are four phases associated with nursing performance, including pre-
transfusion preparation, pre-transfusion actions, blood bag collection, and post-
transfusion activities to maintain the patient’s safety. The preparation phase includes 
checking the written prescription of the physician [29, 30]. This gives sufficient details 
regarding the indications, risks, and advantages of blood transfusion. The second 
stage involves drawing blood from the blood bank, which is crucial for enhancing 
patient safety. In order to prevent blood incompatibility, the nurse must accurately 
match the patient’s identification details on the blood bag and collection paper. 
Transporting blood from the blood bank to the ward should be done using a special 
blood carrier box. Two authorized individuals verified the blood’s compatibility prior 
to transfusion. Checking the patient’s vital signs is necessary. Since this is the final 
opportunity to introduce any unsuitable blood component, it is a very sensitive step in 
the safety of blood transfusions. Blood transfusion must begin slowly during post-
transfusion activities during the first 15 min after it begins. The nurse should continue 
to monitor the patient to look for any reactions. While receiving a blood transfusion, it 
is advised to take normal saline intravenously and morphine at 1 mg/ml, but no more 
medication is permitted [30]. To save a patient’s life, the nurse must be aware of any 
blood response signs and know how to treat them [31]. A handbook manual on blood 
transfusion services must be provided to nurses in order to continue their education 
in all healthcare institutions, and they must be continuously urged to attend national 
and worldwide blood transfusion workshops and conferences.

2.4 Establishing multicenter cooperative transfusion service

The community must get high-quality medical care through hospitals, which 
serve as the primary organization for the delivery of public services. In accordance 
with these provisions, there are four sections pertaining to hospitals’ obligations in 
providing medical services, namely: Responsibility for employees: competent per-
sonnel must be hired through an open and transparent hiring process, professional 
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responsibility for quality: Professional bodies are always required to set up ongoing 
training programs for their members in blood transfusion services in order to comply 
with international best practices, responsibility for facilities and equipment; appro-
priate financing should be available to supply the tools and supplies that medical 
professionals, particularly those working in blood transfusion units, need; and Last 
but not least, the hospital is responsible for the building’s safety and upkeep [32–34]. 
This includes making sure that both patients and staff are safe inside the institution. 
Therefore, blood transfusion services must be safe for the patient, and the patient 
must be protected against the risk of developing an infectious disease through blood 
transfusion and even death.

Toward this shared objective, medical practitioners must collaborate. Every 
important participant in the transfusion chain must, therefore, share a shared objec-
tive. Healthcare facilities in Nigeria should make every attempt to keep everyone’s 
values and presumptions in mind as it may affect interactions with team members 
who are other professionals. Regardless of the talents and limitations of various team 
members, effective teamwork contributes to the provision of high-caliber and safe 
healthcare [33, 34]. Hospitals must create a blood transfusion committee that meets 
regularly to examine the current transfusion strategy, and best practices, compile 
a transfusion manual and handbook, as well as to take training sessions to stay 
informed about the current state of transfusion services [34].

3. Conclusions

In Nigeria, health professionals who provide transfusion-dependent patients’ 
care have a real and compelling responsibility to uphold their end of the bargain 
when it comes to being held accountable for the human, financial, clinical, and other 
resources involved in managing blood donations. All parties involved—from patients 
to laboratory scientists, physicians, blood collectors, and distributors—must collabo-
rate if they are to use these priceless donations of human blood with judiciousness 
and excellence.
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