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Abstract

Background: p-Thalassemia is a genetic disorder characterized by
decreased or completely absent B-globin synthesis, leading to a spec-
trum of clinical manifestations. It is a major public health concern in
Jordan, as in other Mediterranean countries. $-Thalassemia carriers
are normally asymptomatic; nevertheless, laboratory examinations
often reveal mild anemia characterized by microcytic hypochromic
erythrocytes, with differences influenced by specific phenotypes.
This study aimed to assess and correlate the variants among % and p*
phenotypes in the Jordanian population with hematological character-
istics, as well as establish and determine reference values for distin-
guishing between the two phenotypes.

Methods: One hundred forty-five B-thalassemia carriers were recruit-
ed from various governorates in Jordan. Hematological parameters,
including complete blood count (CBC) and capillary electrophoresis
of hemoglobin (Hb), were evaluated in all participants. Molecular
techniques, specifically polymerase chain reaction (PCR) with hy-
bridization, were employed to identify B-thalassemia variants and
classify the participants as having B° and B phenotypes.

Results: Among the 145 B-thalassemia carriers, 64 (44.14%) and 81
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(55.86%) had BO-thalassemia and B*-thalassemia, respectively. Partic-
ipants exhibiting a cutoff value of Hb (< 11.0 g/dL), mean corpuscular
volume (MCV) (£ 64.0 fL), mean corpuscular hemoglobin (MCH)
(= 19.0 pg), and hemoglobin A, (Hb-A,) (= 5.00%) were classified
as having the B° phenotype. These participants demonstrated signifi-
cantly lower mean Hb, MCV, MCH, and higher mean Hb-A, than the
participants with the B phenotype (P < 0.0001).

Conclusions: Hb, MCV, MCH, and Hb-A, can serve as effective
screening tools for predicting B°- and B*-thalassemia in the Jorda-
nian population. These findings have important clinical implications
for early diagnosis, genetic counseling, and prenatal screening of
B-thalassemia.

Keywords: Hemoglobinopathies; f-thalassemia; Pathogenic vari-
ants; Phenotype; Hemoglobin variants

Introduction

Jordan, a Middle Eastern country bordering Saudi Arabia,
Iraq, Syria, and Palestine, has a population of approximately
11 million, primarily concentrated in urban areas, and consists
of 12 governorates; Amman houses around 40% of the popula-
tion, while Irbid (an academic and agricultural hub) and Zarqa
(an industrial center) are also major population centers. Ma-
fraq has grown rapidly due to the refugee influx, while Balqa,
Karak, and Maan hold historical significance [1].

One of the most prevalent monogenic illnesses worldwide
is thalassemia [2], which mostly affects people in the Mediter-
ranean region, Southeast Asia, and the Middle East, including
Jordan, Palestine, Syria, Lebanon, Egypt, and Iraq. Reduced
hemoglobin (Hb) production is a hallmark of this genetic con-
dition and can result in anemia and other problems [3]. Ow-
ing to its frequency and clinical importance, f-thalassemia is
distinguished from the other forms; it results from variants in
the HBB gene, which codes for the -globin component that
disrupts globin chain synthesis, leading to B°-thalassemia (B%)
resulting in a complete absence of B-globin production, or B*-
thalassemia (B*) resulting in a partial reduction in B-globin
synthesis [4]. B-Thalassemia occurs in various severities, from
mild variants that require little treatment to severe versions
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that require frequent blood transfusions and continuous medi-
cal attention. To effectively manage and cure fB-thalassemia
and enhance the quality of life for those who have it, compre-
hending its genetic and clinical components is essential [5]. In
2021, the World Health Organization (WHO) reported that the
carrier rate for -thalassemia in the Middle East ranged from
3% to 10%, with 1.1% of couples at risk of passing the condi-
tion to their children [6, 7].

Depending on the age at diagnosis and disease severity,
B-thalassemia has a wide range of clinical variances. Although
thalassemia carriers are asymptomatic, laboratory tests can re-
veal variations in Hb levels and microcytic hypochromic eryth-
rocytes [8]. Moreover, analysis for the Hb will show elevated
hemoglobin F (Hb-F) and hemoglobin A, (Hb-A,) level, but
in some cases, the Hb-F level can be normal. In 2004, Jordan
started a mandatory National Premarital Thalassemia Screen-
ing Program to detect thalassemia carriers, inform them of the
risks, and help prevent new cases. Mean corpuscular volume
(MCV) should be regularly used as a mandatory screening tool
before marriage [6].

According to these regulations, people with < 80 fL MCV
and < 13 g/dL Hb should undergo additional evaluation [9].
The Hb-A, test is used to determine whether they are thalas-
semia carriers: a level between 3.6% and 4.2% indicates mild
B*-thalassemia, while a level between 4% and 9% indicates
heterozygote p-thalassemia and severe B*-thalassemia [10].

Over 200 distinct pathogenic variations impact varying
amounts of B-globin gene expression [11]. These genetic vari-
ations are not evenly distributed among individuals and fol-
low unique racial and regional patterns [12]. Each population
is distinguished by a few common mutations and various rare
variants, reflecting the genetic diversity shaped by historical
and geographic influences [13]. Insertions or deletions in HBB
can result in nucleotide substitutions or frameshift mutations
that affect B-globin mRNA transcription, splicing, or transla-
tion [14].

According to current reports, thalassemia carrier inci-
dence in Jordan is approximately 2-4%. Six hundred fifty-six
patients (550 with major B-thalassemia and 106 with interme-
dia B-thalassemia) are recorded cases medicated by the Health
Ministry [7]. According to the national registry, 1,228 patients
were registered in the centers of thalassemia remedies under
the Health Ministry supervision in 2017, representing approxi-
mately 86% of the 1,450 patients with thalassemia in Jordan
[6, 10]. Therefore, based on the B-thalassemia phenotypes B°
and B*, this work primarily aimed to create suitable reference
values for hematological parameters and Hb levels and inves-
tigate any notable variations in hematological traits between
these two phenotypes.

Materials and Methods
Ethical approval and participant cohort eligibility

This study was approved by the institutional review board
(IRB) of Al-Balqa Applied University, Jordan (26/3/2/274).
The study was conducted in compliance with the ethical stand-

ards of the responsible institution on human subjects as well as
with the Helsinki Declaration.

Blood samples were screened for MCV. The samples with
MCYV < 80 fL underwent Mentzer Index calculation (MCV/
red blood cell (RBC) count), where a Mentzer Index < 13 in-
dicated likely B-thalassemia carrier, while > 13 suggested iron
deficiency anemia (IDA). Patients with normal Hb levels and
MCYV were excluded from this study.

Whole blood from 145 thalassemia carriers from different
Jordanian governments was collected and comprehensively
examined, including capillary electrophoresis of Hb and com-
plete blood count (CBC). Furthermore, a genetic investigation
was performed to determine p-thalassemia variants and pheno-
types. The geographical distribution data for the f-thalassemia
carriers were collected from 10 governorates representing
various parts of Jordan. The samples were obtained from peo-
ple who visited the Biolab Medical Laboratory and samples
referred from other laboratories in Jordan.

Fifty samples were also collected from healthy individu-
als with no risk factors that could affect blood indices, such
as heart disease, kidney or liver disease, or medication use, as
confirmed through a questionnaire.

Hematological measurements

Whole blood samples (4 mL) were collected from patients in
ethylenediaminetetraacetic acid (EDTA) tubes for routine he-
matological examinations, including capillary electrophoresis
of Hb using MINICAP (Sebia®, Lisses, France) and CBC us-
ing Sysmex XN-1000 (Sysmex Corporation®, Kobe, Japan).

DNA extraction and multiplex polymerase chain reaction
(PCR)

DNA from the blood samples was extracted by automated EZ1
instrument (Qiagen®, Hilden, Germany) and quantified us-
ing the Qubit 4 fluorometer and dsDNA high-sensitivity test
kit (Thermo Fisher Scientific®, USA) for DNA concentration
measurement in ng/uL. All protocols were performed accord-
ing to the manufacturer’s instructions.

DNA was amplified using the multiplex PCR (Veriti Ther-
mal 96-Well Thermal Cycler Applied Biosystems®, USA) sys-
tem, and a reverse hybridization-based commercial B-globin
test strip was used to detect the 22 -globin gene targets (Vien-
na Lab Labor diagnostika GmbH®, Austria). The StripAssay®
Online Calculator v2.17 was utilized to analyze the results.
The samples were processed at Biolab Diagnostic Laboratories
(Amman, Jordan).

Statistical analysis

GraphPad Prism and Microsoft Excel were used for data anal-
ysis. The raw data were recorded and arranged using an Excel
spreadsheet and then imported by GraphPad Prism for statisti-
cal analysis. Data were presented as either mean + standard
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Table 1. Patient Gender and Age Distribution With Hematological Parameters Among B°- and B*-Thalassemia Phenotypes and

Control Groups

Patient gender Age (Min - Max) Age, median (mean + SD) Age <18 Age>18
Male, N =69 (47.6%) 1-80 21.5(20.55 +18.27) 27 42
Female, N = 76 (52.4%) 1-74 21 (22.39 £ 16.46) 28 48

Variable BO-thalassemia (N = 64) B*-thalassemia (N = 81) Control group (N =50) P value

Hematological parameter
Hb (g/dL) 11.2+£0.57 12.5+0.62 14.44 +1.29 <0.0001
Cutoff <11.0 g/dL
MCV (fL) 64.4+238 703 +2.4 85.96 +3.30 <0.0001
Cutoff <64.0 fL
MCH (pg) 189+1.6 22.8+2.6 32.3+2.57 <0.0001
Cutoff <19.0 pg

Capillary electrophoresis of hemoglobin
Hb-A (%) 93.5+0.96 89.5+55 97.55+0.35 0.074
Hb-A, (%) 5.06+0.33 42+0.32 2.41+0.37 <0.0001
Cutoff >5.00%

Hb-F (%) 2.1+1.9 1.8+1.6 0.98 +0.89 0.050

Hb: hemoglobin; Hb-A,: hemoglobin A,; Hb-F: hemoglobin F; MCH: mean corpuscular hemoglobin; MCV: mean corpuscular volume.

deviation (SD) or median. #-test and one-way analysis of vari-
ance (ANOVA) were performed for comparing two or more
groups, respectively. The data are considered significant if the
P-value is less than or equal to 0.05.

Results

This study consists of 145 thalassemia carriers. CBC and cap-
illary electrophoresis of Hb data were collected from all par-
ticipants. Table 1 shows a list of participants’ characteristics.
Males made up 47.6%, and females made up 52.4%. Partici-
pants’ ages ranged from 1 to 80 years, with a median age of
21 years.

The population distribution of the study group in Jordanian
governorates was as follows: Amman 62.75%, Irbid 15.86%,
Zarqa 9.66%, Maan 2.76%, Tafilah and Mafraq 2.07% each,
Madaba, Aqaba, and Jarash 1.38% each, and Balqa 0.69% (Ta-
ble 2). Sixteen B-thalassemia variants were tested in the study
population; 64 participants with 8% phenotype (44.14%) and 81
participants with ™ phenotype (55.86%) were heterozygous
variant carriers, and all variants were classified as pathogen-
ic. In this study, no compound heterozygous or homozygous
variants were detected. The distribution and percentage were
calculated for each variant based on the phenotype classifi-
cation. B° phenotypes included IVS 2.1 [G>A] (32.8%), IVS
1.1 [G>A] (28.1%), codon 8 [-AA] (12.5%), codon 5 [-CT]
(10.9%), and codon 39 [C>T] (10.9%) each; codon 6 [-A], IVS
1.130 [G>C], and codon 44 [-C] (1.6%) each. B* phenotypes
included IVS 1.6 [T>C] (34.6%), IVS 1.110 [G>A] (25.9%),
IVS 2.745 [C>G] (19.8%), IVS 1.5 [G>C] (6.2%), -30 [T>A]
(4.9%), -87 [C>G] (3.7%), -101 [C>T] (3.7%), and IVS 2.848
[C>A] (1.2%) (Table 3).

The Hb analysis (Hb-A)) and hematological parameter
(Hb and MCV) distribution for each phenotype in our study
were shown among three groups: patients with pO-thalassemia
(N = 64), patients with f*-thalassemia (N = 81), and a healthy
participant group (N = 50). The results revealed that mean Hb
levels vary significantly between study groups: B°-thalassemia
11.2 £ 0.57 g/dL, p*-thalassemia 12.5 £ 0.62 g/dL, and control
group 14.44 + 1.29 g/dL, with cutoff < 11.0 g/dL to consider
a pO-thalassemia case (P < 0.0001); the MCV was significantly
different in study groups: 64.4 + 2.8 fL in p-thalassemia, 70.3
+ 2.4 fL in B*-thalassemia, and 85.96 + 3.30 fL in the control
group, with cutoff < 64.0 fL to consider a p°-thalassemia case (P
< 0.0001). Also, the MCH was significantly different in groups:
18.9 + 1.6 pg in B'-thalassemia, 22.8 + 2.6 fL in p*-thalassemia,
and 32.3 £ 2.57 fL in the control group, with a cutoff < 19.0 pg
to consider a p¥-thalassemia case (P < 0.0001). Despite these, the

Table 2. Population Distribution in Jordan’s Governorates

Governorate Frequency %
Amman 91 62.75
Irbid 23 15.86
Zarqa 14 9.66
Maan 4 2.76
Mafraq 3 2.07
Tafilah 3 2.07
Jerash 2 1.38
Madaba 2 1.38
Aqaba 2 1.38
Balga 1 0.69
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Hb-A percentage for B'-thalassemia, *-thalassemia, and healthy
participants was 93.5+0.96%, 89.5+5.5%, and 97.55+0.35%, re-
spectively (P =0.074), indicating no significant difference. How-
ever, the Hb-A, was significantly upregulated in thalassemia
(5.06:0.33%, 4.2+0.32%, and 2.41+0.378% for p-thalassemia,
[B*-thalassemia, and healthy participants, respectively), with >
5.00% cutoff to consider a p°-thalassemia case (P < 0.0001). Fi-
nally, the Hb-F percentages were as follows: 2.1+1.9% for p-
thalassemia, 1.8+1.6% for B*-thalassemia, and 0.98+0.89% for
healthy participants (P = 0.050), which is near narrated signifi-
cant. In conclusion, these results indicated that the hematological
differences between the phenotypes of various types of thalas-
semia patients and healthy individuals are significant (Table 1),
and in detail for each variant as shown in Table 4.

Figure 1 displays statistically significant variances in the
mean, Hb, MCV, and MCH. Figure 2 shows the significance
for Hb-A,. Hb, MCV, and MCH levels were lower, and Hb-A,
was higher in B%-thalassemia phenotypes in comparison to -
thalassemia phenotypes, with P < 0.0001.

Figure 3 presents a dot plot comparing Hb, MCV, MCH,
and Hb-A, levels between the two phenotypes, B-thalassemia
and B*-thalassemia, as well as the control group.

These data may help determine the cutoff for each variable
by clarifying the distinctions between the two phenotypes. The
B phenotype was identified in patients with Hb cutoff values
of <11.0 g/dL, MCV of < 64.0 fL, MCH < 19.0 pg, and Hb-A,
of > 5.00%. Compared to the patients with the B* phenotype,
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Figure 1. Hematological parameters (a: Hb; b: MCV; ¢: MCH) among B°- and B*-thalassemia phenotypes. Both thalassemic phe-
notypes have a significant (P-value < 0.0001) lower hemoglobin, MCV, and MCH compared to the control group. Hb: hemoglobin;
MCH: mean corpuscular hemoglobin; MCV: mean corpuscular volume.

geographical areas [3, 17]. For example, in South Asia, < 74 Another hematological parameter that shows variation
fL MCV is a good screening cutoff for women with prenatal between different B-thalassemia phenotypes isboth Hb-A, and
anemia [18]. In Iran, <27 pg MCH is more effective than in Hb-F levels. Sari et al documented the differences in Hb-A,
identifying pB-thalassemia characteristics < 80 fL MCV [19]. and Hb-F levels between B-thalassemia and B*-thalassemia.
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Figure 2. Capillary electrophoresis of Hb-A, level among B°- and B*-thalassemia phenotypes. Both thalassemic phenotypes
have a significant (P-value < 0.0001) higher Hb-A, compared to the control group. Hb-A,: hemoglobin A,.
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Figure 3. Dot plot comparing Hb, MCV, MCH, and Hb-A, levels among °- and B*-thalassemia phenotypes. The dot plot visual-
izes the differences between the B0-thalassemia and B*-thalassemia phenotypes compared to the control group. Hb: hemoglobin;
Hb-A,: hemoglobin A,; MCH: mean corpuscular hemoglobin; MCV: mean corpuscular volume.
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The Hb-A, levels in patients with °-thalassemia varied from
1.7% to 6.6% (median 5.1%). The low readings were compared
to the cutoff point established by the screening recommenda-
tions for thalassemia, which were 2.9-6% (median 4.3%) for
BB*-thalassemia and 4-9% for thalassemia suggestive of B°
heterozygotes [3].

Furthermore, Zhang et al determined a new cutoff value
(Hb-A, > 4.0%) for the diagnosis of B-thalassemia in South-
west China, which may be used to identify people more pre-
cisely [20].

Conclusion

Taken together, we found that Hb, MCV, MCH, and Hb-A,
can serve as effective screening markers to distinguish be-
tween pC-and B*-thalassemia variants in populations of carriers
consisting of relatives of patients with thalassemia in Jordan.
Additionally, DNA analysis is crucial to confirm our results
and accurately identify whether the phenotype corresponds to
BO- or B*-thalassemia, providing a more precise diagnosis and
classification.

While these data support B-thalassemia phenotype clas-
sification and correlation, further research is needed to repli-
cate these findings in a larger population. Specifically, studies
should include more participants from Jordan, as well as other
Mediterranean and Middle Eastern regions, to enhance the
generalizability and applicability of the results.
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