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Abstract

Background: o -thalassemiatrait is frequently encountered
in Saudi Arabiawith alarge diversity and geographical
variability in the underlying genotypes.

Aimof Sudy: To characterize the molecular spectrum of
o -thalassemiain the western province of Saudi Arabiain
some Saudi patients suspected of o thalassemia carrier or
diagnosed with Hb H disease to determineif there is the
significance of premarital genetic testing for o thalassemia
in a couple suspected with a thalassemia trait.

Patients and Methods: This study included 39 patients,
34 patients with suspected o thalassemiatrait and 5 patients
diagnosed with Hb H disease.

Results: Thirteen patients 33.3% are heterozygous for +
thalassemia having the genotype -- 2.7/ and 14 pat7 jents 35.9%
are homozygotes for 0 having the genotype -3 - /-a3." and,
one patient with -- MED /aa , one with -- SEA /aa, and one
PA-1/ and the 5 patients with HG§ H disease 12. 8% one,
patient has a genotype of -- SEA/-"." one with - - MED,_°.
Mediterranean thalassemia ( --MED) W|th 3.7 kb heterozygous
deletion, and 2 patients with genotype aPA-L jgPA-L ho-
mozygous mutation P’dyA(A->G) THeewas ane case wiith
negative molecular screening fior a-thalassemia.

Conclusion: The =637 was the most commnon mnutiaion
among patients with a—tthalassemia forming 78.9% of alll
deletions. The premarital genetic diagnosis off o-thalassemia

is not recommended as =437 deletion isnoitrak o hydheps
fetalls but should be considered in families with a histoty of
HGB H disease or hydtops fetialiiis.
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Introduction

THE o-thalassemia trait exists at ahighprevalence
in Saudi Arabia, in western regiion abouwit 40% wiii ke
HGB H disease about 0.19% [1]. a-thalassemia is
caused by impairment in a-globin chain production,
which is normally regulated by 4 genes on 2 loci
(ol and o2). It is divided iinto 4 cllinicall subtypes
according to tineextenttof a-globin chain deficiency.
People with a single a-globin gene delletiion
(—o/a0) are descrilbbed as silent o-thalassemia
carriers while deletion of 2 a-globin genes (—/aa)
or (-a/-a) are described as o-thalassemia trait.
Mutations involving 3 a-globin genes (--/-ov), give
rise to Hb H disease. Deletion of all 4 alpha-genes
(--/--) causes Hb Bart'shydrops ffetallis, a comdifion
that results iin fietall diesith[2]. People writth gematiype
o0-thalassemis(—/@o) or 3 genes deletion (--/-o),
are carriers of Hb Bart hydrops fetalis. The size
of the deletion in 0 alleles is variable and each is
named for the part of the world where it is preva-
lent, thos —SEA, —-FIL—FIL, —~MED) ane found in the
South East Asia, Mediterranean, and Philippines
respectively [3]. Population studies have indicated
that the types and frequencies of the different a.-
thalassemia defects vary among different ethmic
communities and tend to be geographically speific
(4l.

In Saudi Arabiathe premarital screening pro-
gram was initiated in 2004. The genetic diagnosis
of a thalassemiatrait is not included as the definite
diagnosis of o thalassemia needs molecular tests
and in addition the incidence of HGB H and hy-
dropsfetalis disease are rare [5,6].
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The main reason for genetic counseling for -
thalassemia syndromes is the avoidance of Hb
Bart's Hydrops fetalis Syndrome. The HbH disease
isusualy mild (comparable to -thalassemiain-
termedia), but the clinical and hematological se-
verity can vary considerably. HbH disease is gen-
eraly not considered for prenatal diagnosis unless
aprevious clinical history in the family has been
recorded. The molecular knowledge about the
mutations may allow some level of predictions
regarding the expected disease severity and course
this remains uncertain [7]. The polymerase chain
reaction (PCR) is the most common method to
diagnose deletional o -thalassemia, although other
techniques such as Multiplex Ligation dependent
Probe Amplification (MLPA) are widely used [89].

Patients and M ethods

This study retrospectively analyzed the results
of HPLC samples (32000) over a 8 years between
February 2012 and February 2019. The study in-
cludedatotal of 39 Saudi patients attending King
Fahad Armed Forces Hospital Hematology Depart-
ment, Jeddah, Saudi Arabia a major hospitalsin
the Western Province of Saudi Arabia We found
five patients diagnosed with Hb H disease and 34
patients were selected with possible thalassemia
trait. All patients were subjected for CBC, HPLC,
Hb H red cellsinclusion body, serum iron, TIBC,
%saturation, ferritin determination and o -globin
chain genotyping. Selection of o -thalassemiatrait
was based on the patient with unexplained micro-
cytichypochromic erythrocytes (mean corpuscular
volume <80fL, and mean corpuscular hemoglobin
<27pg), with increased red cell count with normal
iron status and normal HPLC finding (Hb A2 below
3.5%) or being the available parent of a patient
with Hb H disease or has Hb Bart's in newborn
screening. The diagnosis of Hb H disease is based
on the presence of Hemoglobin H peak fraction
on HPLC of their RBC hemolysates supplemented
by demonstration of Hemoglobin H inclusions with
positive supravital stained peripheral blood smears
[10,11] .

Hematological analysis:

Following receipt of informed consent from all
participants, blood samples (5ml) were collected
in EDTA-coated vacutainers. Patients blood sam-
ples submitted for hemogl obinopathy diagnosis.
A hematologica parameters were analyzed with a
Coulter automated hematology analyzer (Corporati,
USA). Hb quantification was performed with
VARIANTTM Il Hemoglobin Testing System (Bio-
Rad Laboratories, Inc., Hercules, CA, USA).
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Specimen collection and the laboratory inves-
tigations:;

Five milliliter overnight fasting blood samples
were collected on both tri sodium EDTA (1mg/ml)
tubes for subsequent genetic analysis study. The
test was done in Uni. Lab. reference laboratory).

Molecule analysis: The assay covers 21 o-glob
in mutations (Vienna Lab Labor diagnostic a Gm-
bH, Vienna, Austria) [40]: 1-a 3.7 single gene
deletion, 2-a 4.2 single gene deletion, 3-MED
double gene deletion, 4-SEA double gene deletion,
5-THAI double gene deletion, 6- FIL double gene
deletion, 7-20.5 kb double gene deletion, 8- anti-
3.7 genetriplication, 9-a 1 cd 14 (TGG>TAG), 10-
a 1 cd 59 [GGC>GAC] (Hb Adana), 11-a2init cd
[ATG>ACG] ,12-02 cd 19 (-G), 13-a2 IV SL1 (-5nt),
14-02 cd 59 (GGC>GAC], 15-02¢cd 125 [CTG
>CCG] (Hb Quong Sze), 16-a2 cd 142 [TAA
>CAA) (Hb Constant Spring), 17-a2 cd 142 [TAA
>AAA] (Hb Icarid), 18-a2 cd 142 [TAA>TAT]
(Hb Pakse), 19-a2 cd 142 [TAA>TCA] (Hb Koya
Dora), 20-a2 poly A-1 [AATAAA-AATAAG], 21-
o2 poly A-2[AATAAA-AATGAA]. Further genetic
information is available at OMIM Online Mende-
lian Inheritance in Man: www.ncbi.nlm.nih.gov/
omim. (Vienna Lab Labor diagnostic a GmbH,
Vienna, Austria).

The procedure includes three steps. (1) DNA
isolation and concentration (2) PCR amplification
using biotinylated primers, (3) Hybridization of
amplification products to test strips containing
allele-specific oligonucl eotide probes immobilized
as an array of parallel lines. Bound biotinylated
sequences are detected using streptavidin-alkaline
phosphatase and color substrates. o -Globin Strip
Assay (catalog # 4-360, Vienna Lab, Austria) were
used with the immobilized oligos on atest strip.
Genotype interpretation was determined using the
enclosed Collector TM sheet with certain scale.
Positive and negative control lines were checked
for strip validation; Positively stained lines were
visually noted for each polymorphic position by
two independent coauthors and signal pattern of
bands were translated into schematic results using
strip assay® online calculator [12].

Satistical methods: The collected data was
analyzed using Statistical package for Social
Science (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp.). Student t-Test was used to assess
the statistical significance of the difference be-
tween two study group means. Mann Whitney
Test (U test) was used to assess the statistical
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significance of the difference of a non-parametric
variable between two study groups. Chi-Square
test was used to examine the relationship between
two qualitative variables All tests were 2-sided
and ap-value <0.05 was considered statistically
significant.

Results

The present study was conducted on 39 a-
thalassemia cases. Their median age was 5.0 years,

Table (1): Baseline features of all studied cases.
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ranged from 1.0 to 34 years. They were 26 (66.7%)
males and 13 (33.3%) females. Mean Hb was
12.3g/dL, mean RBC was 5.6 x1012/I, mean MCV
was 67 fl, mean MCH was 21.9pg as shown in
Table (1). The HGB H disease cases were signif-
icantly associated with lower Hb, RBC, when
compared to a -Thalathemia minor/trait cases while,
there was non significant differences between both
groups regarding age, gender, MCV, MCH as shown
in Table (2).

o -thalassemia cases

N=39
Age Mean+SD; Median (range) 10.6+9.6 5(1-34)
Male (N, %) 26 66.7%
Female (N, %) 13 33.3%
Hb g/d M=SD; Median (range) 12.3£1.6 12.3 (7.6-16.5)
RBC x1012/| MzSD; Median (range) 5.6+£0.5 5.6 (4.7-6.9)
MCV fl MzSD; Median (range) 67+6.6 67 (54-81.1)
MCH pg M=SD; Median (range) 21.9+25 22 (16.3-26)
Hb = Hemoglobin. MCV = Mean corpuscular volume.
RBCs = Red cell count. MCH = Mean corpuscular hemoglobin.

Table (2): Comparison of haematol ogic parameters between thalassemia minor / trait and HGB H disease

groups.
Thalassemiaminor / trait HGB H p
N=34 N=5

Mae N, % 23 67.6% 3 60.0% 0.735
Female N, % 1 32.4% 2 40.0%

Age M=£SD, median (range)  10.9+11.2 5(1-34) 8.2+5.8 8(2-17) 0.998
HGB M+SD, median (range)  12.7+1.3 12.4(10.8-16.5) 10+14 10.8(7.6-11) 0.001
RBCS M=SD, median (range)  5.7+0.5 5.7 (4.9-6.9) 5.1+0.4 5.2 (4.7-5.5) 0.017
MCV M=SD, median (range)  67.8+6.5 67 (56-81.1) 61.4+4.7 62 (54-67) 0.061
MCH M+SD, median (range) 22.2+2.5 22 (17-26) 19.9+23 20(16.3-22.6) 0.092

Our study estimates the type of a-thalassemia
mutations genotype and allele frequenciesin a
total of 39 patients with o -thalassemia as introduced
in Table (3). Therewas 13 patients with -
tgal assemiaminor (heterozygous a*) (33.3%) have

"laa genotype and 14 patients with a-
thal assemgtralt 35.9%) have compound ho-
mMozygous- “I-a3. genotype, and 4 patients have
asfollow P/ 1 (0.3%), 2 patients have -- SEA/
aa (5.1%), one patient had --MED /aa (2.6%), In
addition, the 5 patients with Hb H disease (12.8%)

showed one patient has compound heterozygous-
-MED/-3.7 genotype with a 17.5kb deletion which
is associated with a Mediterranean thalassemia,
the 2ed patient has compound heterozygous -- SEA/
3.7 genotype with Southeast Asian -- SEA deletion,
and 2 patients with compound homozygous muta-
tion involving the o 2-globin gene with aPA-1/
a PA- Sal(];enotype W|gh Poly A (A->G) often cited as
o/a a, and 1 patient have negative
PCR test for mutations.
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Table (3): Genotype and allele frequency of a-thalassemia mutations in 39 patients with o thalassemia

trait and HbH disease.

Chromosomes o -thalassemia
(78) N=39
PCR
Affected Normal
N %
chromosome chromosome

o Tha -a3.7/ aa 13 13 13 333
minor/trait -03.7/-a3.7 28 0 14 359

--MED / qq 1 1 1 2.6

~SEA / qa 2 0 2 5.1
oPA-1l/qa 4 4 4 10.3

HGB H Negative 0 2 1 2.6

--%A/-u 37 2 0 1 2.6

--MED/.¢3.7 2 0 1 2.6

aPA-lg jaPA-lg 4 0 2 5.1
Tota 5 12.8

Total 56 22 39 100

On estimation of total allele frequency of a-
thalassemia mutations in the studied group. The
3.7 was the commonest mutation (78.9%) followed
by a2 polyadenylation signal mutation (polyA1)
(AATAAA>AATAAG (aPA™a/aPA'a), being the
most common (11.5%) in Hb H disease group,
followed by -- sEA (5.8%) and -- MED (3.8%). In
Hb H disease group the was the commonest
oneasin Table (4).

Table (4): Thetotal allele frequency of a-thalassemia mutations
in the studied groups.

. Total studied Chromosomes (78)
o -thalassemia

mutations N. affected %
Chromosomes 0
a7 43 78.9
oPAL 8 11.5
--SEA 2 5.8
--MED 2 38
Total 56 100
Discussion

The a-thalassemiartrait is frequently seenin
several regions of Saudi Arabia. In the eastern
region, the prevalence of o -thalassemiatrait 28-
60% has been reported in various reports [13] . It
is possible to have patients with Hb H disease or
Hydrops fetalis from a couple with a-thalassemia
trait and this depends on the type of o thalassemia
mutations. The molecular diagnosis of o-
thalassemia is expensive and requires resources
that are not available in many hospitals and at the
same time, it is difficult to provide these molecul ar
tests to all suspected cases of o thalassemia.

Therefore the aim of this study isto identify the
common o -thalassemia genotypes which will fa-
cilitate genetic counseling and the identification
of patients who really deserve molecular diagnosis.

In this study, atotal of 8 different genotypes
combinations were detected in 39 patients with o
thalassemiatrait and Hb H disease. Throughout
this study, we found that -*.7 (78.9%), is the most
common mutation in the total cases followed by
a 2 polyadenylation signal mutation (polyA1l)
(AATAAA>AATAAG (aPA'a/aPA’a), often cited
as o I-Saudi [ T-Saudi , in 11.5%, then the -- SEA
(5.8%) and --MED (3.5%) while for apatient with
Hb H disease group the (aPA'a/aPA"a) was the
commonest one.

Our result issimilar to Arwaet al. [14] who
reported atotal of eight genotype combinations
were identified, with aPA’a/aPA a | being the most
common (753.8%) in Hb H disease followed by
—MED/-3.” (28.8%), also similar to Hellani et al.
[15] who investigated 41 patients from the eastern
province of Saudi Arabiawith unexplained micro-
cytic, hypochromic anemia, and found the preva-
lence of Rightward - 3.7 (64%), while polyA muta-
tion showed a high prevalence (41%) so they
recommended a strict molecular screening of all
cases presenting with the unexplained hypochromic
microcytic anemia. Similarly, Al-Awamy [16] re-
vealed that in the Eastern region, 45% carried the
(-3.7), while another 15% had a non-del etional
defect (a-polyAla).

The -3.” isthe most common o globin gene
deletion. It isthe 3.7 kb rightward deletion which
is caused by the breakage of DNA moleculesin



Samy Attallah, et al.

the a globin genes (HBA2 and HBA1) region and
rejoining of the broken ends by leaving a globin
genes region with a single functional gene. It is
considered a benign mutation as it js alwaysin
transposition and can not produce o thalassemia
which usually cause Hb H disease or Hydropes
fetalis. In our study, we found - 3.7 (78.9%), is the
most common mutation and thisisin agreement
with Boegio et al. [17] who reported that the -3 .7
gene deletion is the most prevalent (43.5%) in the
Saudi populations that were analyzed and are
characterized by the deletion of 3,804 base pairs.

The same result also was present in countries
in the Golf area as among the Kuwaitis with
hemogl obin H disease, 17 patients 70.8 % had the
(qPA™a /a PA™ q), while 25% had the (aPA™a /
— ) and 4.2 % were undetermined [18] . It isalso
common in Qatar as the - *.7 deletion was the most
common with 9.4% homozygotes, 30.0% hetero-
zygotes, and an allele frequency of 19.7% in the
Qatari Pediatric Population [19] . It has been also
shown that Hb H disease is common in Bahrain
(where people may belong to a common ethnic
background to the east of Saudi Arabia) andisa
result of homozygosity of non-deletion a-
thalassemia o PA"a/aPA o (poly A signal mutation)
[20,21].

The a 2-globin gene normally accountsfor 2 to
3 times more o -globin mMRNA and -globin chain
production than the a 1-globin gene [22]. The a-
thalassemia point mutations of the a2-globin gene
generally cause more severe anemia than the same
mutations involving the a 1-globin gene. In our
study, atotal of 2 patients were diagnosed with
the genotype o PA™a/aPA™ o . These homozygous
patients presented with atypical form of Hb H
disease and severe anemia. Second, we diagnosed
2 patients with the rightward ;—/3.2 | deletion geno-
typein combinationsfor -3." " and another
one -3.7 /--MED1  These patients presented with a
mild form of Hb H disease.

Hemoglobin H (Hb H) diseaseis less commonly
seen in our western region of Saudi Arabia as over
8 yearsonly 5 cases were diagnosed among 30200
HPLC test (0.01%).

The o ° thalassemia (which is an important
determinant to produce Hb H disease or Hb Bart's
hydrops syndrome) is less frequently seen in the
western region and in our §tudy, only 9.2% of
thalassemia mutations are a  -thalassemia. While
Hb H disease appears a frequently encountered
diseasein other areasin Saudi Arabiaasin Dam-
mam region where Quadri and Islam [13] found
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100 cases of Hb H disease during 5 years among
15,492 blood sampl es subjected to Hb electrophore-
sis. This gives alaboratory-based incidence of 1
in 155 (0.64%).

The Southeast Asia deletion (-- SEA) type has
been found in 5.8% of our o -thalassemia mutations
combined with -*.7 anditisa -thalassemia deletion
of approximately 19.3kb in length and removing
both o -globin genes in cis but sparing the embry-
onic o -globin geneis common. This mutation is
the most common cause of Hb H disease and hy-
dropsfetalis syndrome&' n M}:q_t) art of the world in
addition to the (--FIL), and (0)20.5 dele-
tions which are relatively common in the Philip-
pines and in the Mediterranean region, respectively
[23].

There was also a patient with atypical form of
severe Hb H disease with HB 6.7g/dl with low
Hb A2, positive Hb H red cell inclusion, and Hb
H peak in HPLC but with negative PCR for 21
mutations. This may be due to non-deletion a -
thalassemiawhich isrelatively uncommon and
indicates the need for sequencing of the o-gene
locus. Thereis an inherent difficulty in detecting
these mutations because nucl eotide sequencing of
the a -globin genes with their high GC content is
not easy for analysis. In recent years, increasing
numbers of non-deletional o *- thalassemia muta-
tions have been described and more than 30 of
these mutations are tabulated in the human globin
gene mutation database on the World Wide Web
(http://globin. cse.psu.edu).

In our study, we used o -globin Strip Assay for
molecular screening of the a-globin gene cluster
for the deletional forms of o -thalassemia [24]
which have some drawbacks as they are able to
identify only already defined and common muta-
tions. Other techniques as Multiplex Ligation-
dependent Probe Amplification (MLPA) assay [25-
27], are useful for detecting unknown and rare o -
globin rearrangements (including deletions, tripli-
cations and quadruplications) [2g].

Chanetal. [29 reported that when an individual
at reproductive ageis found to have Hb H disease,
screening his or her partner and other family mem-
bersfor their a-thalassemia carrier statusisindi-
cated to carry out DNA-based genotypic analysis
regardless of hematologic parameters. If the partner
isacarrier of either adeletion or point mutation
affecting one single a-globin gene, there is a25%
risk in each pregnancy of conceiving afetus with
Hb H disease. If the partner is homozygous or
compounds heterozygous for single a-globin gene
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deletion or inactivation, thereis a 50% risk that
the fetus might have Hb H disease. If the partner
is heterozygous for deletion involving both a-
globin genesin cis, thereis a25% risk that the
fetus will have Hb H disease and another 25% risk
that the fetus will have the devastating Hb Bart
hydrops fetalis syndrome lacking all o -globin
genes [30] .

Conclusion:

Thereisawide variety of a-thalassemiaalleles
among Saudi patients, The -7 is the most common
thalassemia mutation in carrier and trait while PA-
1isby far the most common cause of mqderate to
severe HbH disease phenotype. The o (--MED)
aleleis also encountered. These data could pave
the way for accurate genetic counseling and sound
clinical management based on precise molecular
diagnosis of o -thalassemia.

Recommendation:

As Hb Bart's hydrops fetalis (homozygosity to
an a defect (--/--) isamost absent in Arabian
Peninsula, and Saudi Arabiawhile HbH (usyally
due to compound heterozygosity toand o and
a*) isnot common [31], so pre marital screening
of a couples with unexplained red cells microcytosis
and hypochromia, but with normal Hb, iron study
and have no H peak in HPLC, and no family history
of intrauterine fetal death, chronic anaemia or HGB
H disease, they should not be considered for mo-
lecular diagnosis, and the counselling should be
offered after screening the family with CBC and
HPLC, to rule out presence of a patient with HGB
H disease.
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