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Thalassemiais anautosomal recessive genetic disorder characterized by impaired synthesis of
hemoglobin due to mutations affecting the production of alpha(a)or beta(B) globin chains. This
imbalance causes ineffective erythropoiesis, microcytic anemia, and hematological
abnormalities. Objectives: To assess the prevalence and distribution of B-thalassemia carriers
for implementing targeted screening and preventive strategies. Methods: This retrospective
observational study analyzed 108 samples from patients who were suspected of a complete
blood count parameter; which included Mean Corpuscular Volume, Mean Corpuscular
Hemoglobin, and total red blood cell count. After that analysis of the suspected patients' blood
for Hb A2 through Hb Electrophoresis for the screening of the thalassemia trait was carried out.
The data were sourced from Shahida Islam Medical College Hospital, reflecting the carrier
status of the participants. Results: The findings of the study are distributed between 62 male
and 46 female and demonstrated the presence of B-thalassemia trait across various age groups
(mean age 25)and found typically higher(52.8%)in the age of 21to 30 years. Specifically, 68 out
of the 108 patients tested positive for the B-thalassemia trait having raised Hb A2 level on the Hb
electrophoresis. Conclusions: It was concluded that the B-thalassemia trait is widespread
across diverse ethnic groups. It highlights the necessity for standardized blood testing
protocols for B-thalassemia screening. Implementing comprehensive screening programs,
coupled with enhanced public awareness and educational campaigns, is crucial to mitigate the
incidence of thalassemia major. These measures are essential for populations to prevent the
transmission of this genetic abnormality.

INTRODUCTION

Thalassemia represents a spectrum of inherited
hematologic disorders due to defective hemoglobin (Hb)
chain synthesis[1]. Beta-thalassemiaarises fromimpaired
or absent beta-globin chain production, similar to alpha-
thalassemia, which affects alpha-globin chain synthesis.
Imbalances in globin chains disrupt erythropoiesis and
induce hemolysis [2]. Thalassemia is derived from Greek
terms meaning "sea" and "blood," thalassemia
encompasses three main types: Thalassemia Minor (beta-
thalassemia carrier or trait) and Thalassemia Major (also

called Cooley's Anemia or Mediterranean Anemia) and
Thalassemia Intermedia[3]. Thalassemia is characterized
by inadequate Hb production, leading to the generation of
unstable, unpaired globin chains that damage red cell
membranes, reducing erythropoiesis and contributing to
the clinical symptoms of the disease [4]. Thalassemia is
among the illnesses that result in Hb that is not produced
properly [5]. The formation of beta chains is faulty in -
thalassemia, resulting in the production of unpaired
chains. These structures are unstable, which leads to
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membrane damage, poor erythropoiesis, and other
disease-related clinical characteristics[6]. The majority of
people with thalassemia traits are discovered by chance
irrespective of age, some people are diagnosed with older
age above 50 years and some with an early age, when a
slight microcytic anemia is detected on a complete blood
count[7]. Insevere cases, infants under two years old may
present with profound microcytic anemia, mild jaundice,
and hepatosplenomegaly, suggestive of thalassemia
major. Thalassemia intermedia, while presenting with
similar symptoms, manifests later and is often milder [8].
Carriers typically remain asymptomatic but may
occasionally exhibit minor hematologic findings. Over 200
mutations affecting the beta-globin gene have been
documented, mostly point mutations in functionally
critical regions, with deletions being rare [3]. The beta-
thalassemia trait, like other inherited characteristics such
as hair or eye colour, is passed from parent to child [10].
Generally asymptomatic and often referred to as beta-
thalassemiaminor, thistraitdoesnot typically affect health
[11]. If one parent carries the trait, each child has a 50%
chance of inheritingit.50% (1in 2) of parents who have beta
thalassemia trait have a kid who has it. 50% (1 in 2) of
parents do not have a characteristic in their child. In
thalassemia minor, Hb A levels are significantly reduced,
while Hb F and Hb A2 levels are markedly elevated [12].
Beta-thalassemia minor, also referred to as the carrier
trait, typically presents as mild anemia, and carriers are
generally asymptomatic. When both parents carry the
beta-thalassemia trait, there is a 25% risk in each
pregnancy of having a child affected by beta-thalassemia
major. The moderate anemia-like symptoms of beta
thalassemia are minor like fatigue, weakness or dizziness,
frequent migraines and yellowish skin [11]. Evaluation of
Thalassemia trait key important parameters of complete
blood count (CBC) are important like mean corpuscular
volume(MCV), mean corpuscularhemoglobin(MCH)red cell
count along with a patient's medical history can help
exclude certain etiologies. In cases of thalassemia minor,
the MCV typically falls below 80 fL, whereas in iron
deficiency, it rarely drops below 80 fL unless the
hematocrit level is under 30%, same as MCH is also low or
borderline normal and the red blood cells (RBC) count is
slightly higher (5.5 x106/dL) and this is accompanied by
elevated Hb A2 levels [13]. On peripheral blood smear
examination, red blood cells (RBCs) in carriers exhibit
minimal morphological abnormalities compared to those
seen in affected individuals, and erythroblasts are
generally absent[14]. The prevention of beta-thalassemia
heavily depends on prenatal diagnostic techniques, carrier
screening, and genetic counselling. Genetic counselling
aims to educate individuals and couples at risk (e.g.,
carrier-carrier pairs) about inheritance patterns, genetic
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risks, disease progression, and available or emerging
treatmentoptions.

This study aims to assess the occurrence rate of the -
thalassemia trait as indicated by suspected abnormalities
incomplete blood count(CBC) parameters among patients
inatertiary care hospital.

METHODS

This retrospective study was conducted at Shahida Islam
Medical College Hospital, a Tertiary Care Centrein Lodhran,
Pakistan. The duration of the study was July to September
2024, 3 months of records of hematological reports. The
sample size of 108 was determined using a formula based
ona95% confidence level (Z=1.96)and a predefined margin
of error [15]. A non-probability convenience sampling
method was employed after obtaining approval from the
Institutional Review Board (Letter No:
SIMC/ET.C./00010/24). Patient selection was based on
complete blood count (CBC) parameters indicative of
suspected B-thalassemia trait, including low mean
corpuscular volume (MCV)less than 80 (normal values 80 -
105 fL), low or borderline-normal mean corpuscular Hb
(MCH) less than 29 (normal values 27-30 pg), and slightly
elevated red blood cell (RBC) counts specifically >5.5x106 /
dL (normal values 4.5-6.0 x106/dL). These criteria were
used to identify potential carriers of B-thalassemia. Hb A2
levelswere measuredto confirmthe diagnosis, utilizing the
high-performance liquid chromatography (HPLC)
technique commonly used in Hb electrophoresis test [16].
Hb electrophoresis is a laboratory technique used to
separate and identify different types of Hb based on their
electrical charge and structure. This technique is
especially useful in diagnosing hemoglobinopathies, such
as thalassemia, and other Hb variants. In the case of beta-
thalassemia, electrophoresis helps identify abnormal Hb
patterns, including elevated levels of HbAZ2 and sometimes
Hb F, which are characteristic of the disease. HPLC
provided precise separation and quantification of Hb
variants, enabling the identification of B-thalassemia
carriers [17]. Data were collected using a structured self-
designed performance. Categorical variables were
summarized as frequencies in the form of percentages.
Categorical variables were summarized as frequenciesand
percentages. Mean and standard deviation (SD) were
calculated for continuous variables. Statistical analysis
was performed using SPSS version 28.0, and significance
was also assessed at a 5% level. The prevalence of the -
thalassemia trait which was measured through the HPLC
technique also present in the tabular as well as graphical
chartform.
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RESULTS

This study included 108 outdoor patients. Among them 62
(57.4%)weremaleand 46(42.6 % )were female(Table1).
Table 1: Gender Distribution Table(n=108)

Gender of Patients Frequency (%)
Male 62(57.4%)
Female 46(42.6%)
Total 108(100%)

According to the data, the age of patients is divided into 6
groups and the mean age of 25 years. 1-10 years, 11-20
years, 21-30years, 31-40years, 41-50 yearsand 51-60 years.
There were 8(7.4%) patients with age 1-10 years, 17(15.7%)
patients with age 11-20 years, 57(52.8%) patients with age
21-30 years, 18 (16.8%) patients with age 31-40 years, 5
(4.6%) patients with age 41-50 years and 3(2.7%) patients
withage51-60years(Table 2).

Table 2: Distribution of Patients by Age(n=108)

Age of Patients Frequency (%)
1-10 8(7.4%)
1-20 17(15.7%)
21-30 57(52.8%)
31-40 18(16.8%)
41-50 5(4.6%)
51-60 3(2.7%)
Total 108(100%)

Table 3 categorizes patients based on their Mean
Corpuscular Volume (MCV) values, reflecting the average
size of red blood cells. Among the 108 patients, the largest
group (45, 41.7%) had MCV values between 65-75 fL. This
was followed by 33 patients(30.6%)with MCV values in the
75-80 fL range, representing borderline low levels. The
smallest group (30, 27.8%) had MCV values below 65 fL,
consistent with suggestive of severe microcytosis with
combined iron deficiency. These findings highlight the
predominance of low MCV values in the study population,
aligning with the inclusion criteria focused on identifying
the B-thalassemia trait. Results present the distribution of
patients based on their Mean Corpuscular Hemoglobin
(MCH)levels, whichindicate the average Hb content per red
blood cell. The majority (50, 46.3%)exhibited MCH valuesin
the borderline low values range of 25-27 pg, while 40
patients (37.0%) had MCH levels below 25 pg which
suggested the combined iron deficiency or any microcytic
cause. A smaller proportion (18, 16.7%) had MCH values
between 27-29 pg which is borderline normal. The
predominance of low and borderline-normal MCH levels
(less than 29 pg) supports the focus on diagnosing
conditions like B-thalassemia trait. Results classify
patients based on their red blood cell (RBC) count, an
important parameter in diagnosing hematological
disorders. Over half of the patients (60, 55.6%) had RBC
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counts between 5.5-6.5x10%/uL, reflecting the
characteristic erythrocytosis seen in B-thalassemia
carriers. A significant minority (28, 25.9%) exhibited RBC
counts above 6.5x10°/uL, while 20 patients(18.5%)had RBC
counts of exactly 5.5x10°/uL. These results emphasize the
diagnostic value of elevated RBC counts in identifying -
thalassemia carriers. Results summarize the distribution
of patients based on their Hb A2 levels, a key diagnostic
parameter for identifying B-thalassemia trait. Among the
108 patients, the majority (68, 62.9%) had Hb A2 levels
greaterthan 3.5%, whichisdiagnostic of the B-thalassemia
trait. Elevated Hb A2 levels are a hallmark of this condition,
as they result from reduced beta-globin chain production
and increased delta-globin chain compensation. A
significant proportion (29, 26.9%) exhibited Hb A2 levels in
the range of 2-3%. These levels are considered within the
normal range. A smaller subset of patients (11, 10.2%) had
HbAZ2 levelsbelow 2% (Table 3).

Table 3: Biochemical characteristics of the study participants

Mean Corpuscular Volume (MCV) fL

Unit (fL) Frequency (%)
<65 30(27.8%)
65-75 45(41.7%)
75-80 33(30.6%)
Total 108(100%)
Mean Corpuscular Hemoglobin (MCH) pg
Unit (pg) Frequency (%)
<25 40(37.0%)
25-27 50(46.3%)
27-29 18(16.7%)
Total 108(100%)
Red Blood Cell Count (RBC count) 10°/pL
Unit (10%/pL) Frequency (%)
<55 20(18.5%)
5.5-6.5 60(55.6%)
>B6.5 28(25.9%)
Total 108(100%)
According to the Results of Hb A2
Hb A2 (%) Frequency (100%)
>3.5% 68(62.9%)
2-3% 29(26.9%)
<2% 11(10.2%)
Total 108(100%)

Further study presents the results of the screening for -
thalassemia trait in the study population of 108 patients
which are based on the HbA2 results which are measured
by Hb Electrophoresis. Amongthe participants, 68 patients
(62.9%)were screened out for the B-thalassemia trait. This
group represents those who also exhibited the
characteristic hematological and genetic markers for the
trait, including elevated Hb A2 levels, low levels of MCV and
MCH, and increased red blood cell count. These findings
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confirm the presence of the B-thalassemia trait. And 40
patients (37.1%) did not show evidence of the B-
thalassemia trait due to normal levels of Hb A2 either their
CBC meetsthe suggestiveline(Table 4).

Table 4: Suggestive of Beta Thalassemia Trait(n=108)

According to the Results of Hb A2 Frequency (%)
Detected 68(62.9%)
Not Detected 40(37.1%)
Total 108(100 %)

DISCUSSION

The objective of this study was to assess the occurrence
rate of the B-thalassemia trait based on abnormalities in
complete blood count(CBC) parameters among patientsin
a tertiary care hospital. The findings of this study highlight
the CBC parameters also give us an idea of the suggestive
carrier of Thalassemia, so according to our we see a
significant association between CBC parameters, such as
mean corpuscularvolume(MCV), mean corpuscular Hb, red
blood cell (RBC) count, and HbA2 levels, in the detection of
B-thalassemia trait. In total, 108 outdoor patients were
includedinthisstudy. The genderdistributionrevealed that
57.4% of the participants were male, while 42.6% were
female. The study's age distribution showed that the
majority of patients fell within the 21-30-year age range,
which constituted 52.8% of the sample. This finding is
consistent with previous studies, which have shown that
thalassemia traits are often detected in young adults,
typically between the ages of 20 and 30 years, due to
routine screening or clinical symptoms appearing in this
age group[18,19]. The mean corpuscular volume(MCV)and
mean corpuscular Hb are critical hematological
parameters used in the initial identification of microcytic
anemia, a hallmark feature of the B-thalassemia trait. The
majority of patients in this study had MCV values between
65-75fL(41.7%)and MCH values between 25-27 pg(46.3%).
These findings are consistent with typical characteristics
of B-thalassemia carriers, where a decrease in MCV and
MCH is commonly observed due to reduced Hb production
and the presence of unpaired globin chainsin the red blood
cells[20]. Elevated RBC counts were also observed in the
majority of patients, further suggesting erythrocytosis,
whichis often seeninindividuals with thalassemia traits as
the body compensates for reduced Hb production [21]. Hb
electrophoresis, particularly through high-performance
liquid chromatography (HPLC), plays a vital role in the
definitive diagnosis of B-thalassemia trait. In this study,
62.9% of the participants exhibited HbA2 levels greater
than 3.5%, which is diagnostic of the B-thalassemia trait.
Elevated HbAZ2 levels are a key marker for B-thalassemia, as
they result from the reduced production of beta-globin
chains, leading to an increase in delta-globin chains [22].
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This finding aligns with existing literature, which states
that a HbA2 level above 3.5% is diagnostic of the B-
thalassemia trait in the presence of suggestive
hematological features, such as low MCV and MCH [23].
While 37.1% of the patients did not exhibit elevated HbA2
levels, their CBC parameters still met the criteria
suggestive of the B-thalassemia trait. This discrepancy
could be attributed to variations in genetic factors or the
possibility of other factorsinfluencing HbAZ levels, such as
coexisting iron deficiency or other hemoglobinopathies. It
highlights the importance of using multiple diagnostic
tools, including Hb electrophoresis, to confirm the
presence of the B-thalassemia trait [24]. This study found
that 62.9% of the patients screened showed evidence of
the B-thalassemia trait, which is consistent with global
prevalence rates of 3-thalassemiain populations with high
carrier rates, such as those in the Mediterranean, Middle
East, and South Asia regions, including Pakistan. A similar
study conducted in a neighboring region found a
prevalence of approximately 80% in the general population
[25]. These results emphasize the need for widespread
screening programs, especially in regions with a high
frequency of thalassemia, to prevent the transmission of
thedisorderandreducethe burden of severe thalassemia.

CONCLUSIONS

It was concluded that this study demonstrates a high
prevalence of the B-thalassemia trait among patientsin a
tertiary care hospital in Pakistan, with 62.9% of the
participants showing elevated HbA2 levels, which were
indicative of the trait. The findings underline the
importance of CBC parameters, such as MCV, MCH, and
RBC count, in the early detection of potential B-
thalassemia carriers. The study also highlights the crucial
role of Hb electrophoresis in confirming the diagnosis.
These results can inform future research and the
development of screening programs aimed at early
identification and genetic counselling for thalassemia
carriersinPakistan.
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