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Abstract
Background: Thalassemia is a common inherited hematological disease in tropical 
and subtropical regions. This study aimed to investigate the mutation spectrum of 
thalassemia in the Dongguan region of southern China and comprehensively analyze 
hematologic features of thalassemia carriers with various types of globin mutations.
Methods: A	hematological	screening	 including	hematological	 indices	such	as	mean	
corpuscular	volume	(MCV),	mean	corpuscular	hemoglobin	content	(MCH),	and	mean	
corpuscular	 hemoglobin	 concentration	 (MCHC)	 was	 conducted	 in	 19	 442	 people	
from	Dongguan	region,	Guangdong	province	of	China.	Then,	4891	suspected	thalas-
semia	carriers	were	further	 investigated	by	genetic	analysis	of	combined	NGS	and	
gap-PCR.
Results: Totally,	 2319	 (11.9%)	 cases	were	 diagnosed	 as	 carriers	 of	 thalassemia,	 of	
which	1483	cases	(7.6%)	were	α-thalassemia,	741	cases	(3.8%)	were	β-thalassemia,	
and	95	cases	 (0.5%)	were	co-inheritance	of	α-	and	β-thalassemia.	 In	α-thalassemia	
carriers, the phenotypic severity increases with the number of nonfunctional α-globin	
genes. The patients with –SEA/αWSα genotype have less severe clinical phenotypes 
than	those	with	other	Hb	H	diseases.	As	 for	β-thalassemia,	 the	MCV	and	MCH	 in	
both β0 and β+ carriers are markedly reduced.
Conclusions: This is the first comprehensive molecular epidemiological survey and 
hematological profiling of thalassemia in Dongguan area. This study will be benefit 
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1  | INTRODUC TION

Thalassemia is one of the most frequently inherited recessive dis-
orders caused by mutations in α-	or	β-globin	gene	clusters.1,2 It is 
classified into α-thalassemia	and	β-thalassemia	based	on	the	defects	
in the globin genes.3 The α-thalassemia	 is	caused	by	absent	or	de-
creased production of the α-chain	of	hemoglobin,	and	the	severity	
varies from an asymptomatic condition to severe anemias depending 
on the number of alpha genes deleted.4	Fetus	suffers	from	α-thal-
assemia major will die in utero or soon after birth.5 β-thalassemia	is	
caused by depletion or absence of β-globin	synthesis,	and	patients	
with β-thalassemia	major	 have	 severe	 anemia	 and	 serious	 compli-
cations, including liver injury, heart disease, and endocrine dys-
function.6 To date, there is no effective treatment for thalassemia 
patients.	 Severe	 thalassemia	 patients	 depend	 heavily	 on	 blood	
transfusions to maintain their lives, which brings huge burdens to 
affected families and society.7

The	 thalassemia	 is	 widely	 distributed	 in	 Southeast	 Asia,	 the	
Middle	East,	Africa,	and	the	Mediterranean	region	of	the	world.3,8 
In China, the thalassemia mainly occurs in the southern part of the 
Yangtze River, especially in Guangdong, Guangxi, and Hainan prov-
inces.9,10 Previous studies have confirmed that screening and genetic 
counseling for thalassemia carrier are the most effective ways to re-
duce the incidence of severe thalassemia in children.11-13	As	popu-
lations in different geographical regions have different globin gene 
mutation spectrums, a comprehensive understanding of the molec-
ular epidemiological characteristics of the incidence and distribution 
of thalassemia is important for developing suitable preventive strat-
egies in areas with high incidence of thalassemia.

The	estimated	population	in	Dongguan	area	was	more	than	8	
million, and the annual live births are about 140 thousand (http://
www.dg.gov.cn/).	 Previous	 studies	 reporting	 the	 prevalence	 of	
thalassemia in this area revealed that the carrier frequency of 
α-thalassemia	was	about	6.18%-7.19%,	whereas	the	frequency	of	
β-thalassemia	 was	 about	 2.77%-3.51%.14-16 Given the limitation 
of sample size and technology availability, these studies may not 
reflect the current and true prevalence of thalassemia. On the 
other hand, limited information is available on the hematological 
characterization of thalassemia carrier with different mutation. 
This	 study	 is	 the	 first	 large-scale	 epidemiological	 investigation	
and	full-spectrum	analysis	of	mutations	and	hematological	profile	
in thalassemia in Dongguan, southern China. The results of this 
study will provide reference for genetic counseling and preven-
tive measures to reduce cases of the severe thalassemia. In ad-
dition,	 the	 genotype-phenotype	 correlation	 in	 this	 study	 might	

help the clinicians to have rapid and accurate referrals in genetic 
counseling.

2  | MATERIAL S AND METHODS

2.1 | Population samples

A	total	of	19	442	unrelated	subjects	for	routine	health	examinations	
between	 January	2016	and	December	2018	were	 included	 in	 this	
study. Participants with following cases were excluded from the 
study:	(a)	lack	of	informed	consent,	(b)	consanguinity,	and	(c)	incom-
plete information. The subjects ranged in age from 2 to 70 years, 
and	 the	male-to-female	 ratio	was	 1.02:1.	 All	 of	 them	 are	Chinese	
Han people.

This study was conducted in accordance with the Declaration of 
Helsinki, and the protocol was approved by the Institutional Medical 
and Ethics Committee of Dongguan Children's Hospital. Written in-
formed consents were obtained from all the studied subjects or their 
parents.

2.2 | Hematological analyses

Peripheral blood samples of 2.5 ml volume were taken from all sub-
jects	and	collected	into	EDTA-containing	vacutainers.	Hematological	
data were determined according to standard laboratory procedures 
using an automated hematology analyzer (Beckman Coulter, Krefeld, 
Germany).	 If	mean	corpuscular	volume	 (MCV)	<80	fl	and/or	mean	
corpuscular	hemoglobin	(MCH)	<27 pg, subjects were considered as 
suspected	 carriers	 of	 thalassemia.	 Suspected	 thalassemia	 subjects	
were subjected to further genetic analysis.

2.3 | Genetic analysis

The samples were preceded directly to genetic analysis in our study. 
As	 hemoglobin	 electrophoresis	 has	 a	 higher	 diagnosis	 failure	 for	
thalassemia detection, it is not sensitive enough for the diagnosis 
of α-thalassemia	 carriers.	 For	 example,	 patients	 with	 certain	 geno-
types,	such	as	-α3.7/αα,	 -α4.2/αα, αCSα/αα, and αWSα/αα, present nor-
mal	 values	 by	 hemoglobin	 electrophoresis.	 The	 false-negative	 rate	
of α-thalassemia	 detection	was	 79.8%	by	 hemoglobin	 electrophore-
sis,	and	 the	 false-negative	 rate	of	β-thalassemia	detection	by	hemo-
globin electrophoresis was 10.5%.17	Therefore,	we	chose	target-based	

for genetic counseling in the clinic and may help pediatricians to make a correct diag-
nosis of different types of thalassemia.
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next-generation	sequencing	(Shenzhen	BGI	Tech,	Guangdong,	China),	
which have features of high throughput and low cost.

Genomic	DNA	was	extracted	 from	blood	 samples	using	Blood	
DNA	Kit	 (Tiangen	 Biotech,	 Beijing,	 China)	 following	 the	manufac-
turer's	 protocol.	 The	 DNA	 concentration	 and	 purity	 were	 deter-
mined using NanoDropTM	8000	Spectrophotometer	(Thermo	Fisher	
Scientific,	Wilmington,	DE,	USA).

DNA	analysis	was	performed	by	routine	gap-polymerase	chain	
reaction	(gap-PCR)	combined	with	target-based	next-generation	se-
quencing	(Shenzhen	BGI	Tech,	Guangdong,	China)	described	by	He	
et al.17

In brief, multiplex PCR method was used to amplify three genes 
(HBA1,	HBA2,	and	HBB)	related	to	α-thalassemia	and	β-thalassemia.	
PCR	reactions	were	carried	out	 in	96-well	plates	and	each	sample	
corresponding	 to	 one	 library.	 After	 the	 preparation	 of	 library,	 the	
DNA	sequences	of	samples	in	every	library	were	be	supplemented	
with a linker sequence for sequencing and library identification. 
Libraries	were	pooled	at	equal	molar	concentration.	Sequencing	was	
performed	using	the	paired-end	tag	(PE100)	protocol	with	Illumina	
HiSeq2000.	 A	 bioinformatics	 pipeline	 that	 integrates	 multiple	 in-
house	programs	and	open-source	softwares	for	quality	controls	of	
raw	reads	data	reads	alignment	to	human	reference	genome	(UCSC	
build	hg19)	and	duplicates	marking,	SNVs,	and	Indels	calling,	and	an-
notation was used in this study.

Moreover,	multiplex	gap-PCR	was	used	to	detect	deletion-type	
α thalassemia: –SEA,	-α3.7,	-α4.2, –FIL, and –THAI and β thalassemia de-
letions:	 Chinese	 Ggamma	 (Agammadeltabeta)	 0,	 SEA-HPFH,	 and	
Taiwanese.

All	of	the	α-thalassemia	subjects	in	this	study	were	sub-classified	
into three groups: three α-globin	genes	active	 (-α/αα),	 two	α-globin	
genes active (–/αα),	and	one	α-globin	gene	active	(–/-α).	Based	on	the	
degree of quantitative reduction in the synthesis of normal β-globin,	
β-thalassemia	 mutations	 are	 classified	 into	 two	 groups:	 (a)	 β0-thal-
assemia mutation (β0/),	which	results	 in	 the	absence	of	β-globin;	 (b)	
β+-thalassemia	mutation	(β+/),	which	reduces	the	output	of	β-globin.18

2.4 | Statistical analysis

Data	were	analyzed	using	the	SPSS	version	22	 (IBM,	Armonk,	NY,	
USA).	Results	were	expressed	as	mean	±	SD	values,	and	differences	
among groups were compared for each hematological index using 
Student's	t	test	or	analysis	of	variance	(ANOVA).	A	P-value	of	.05	or	
less was considered statistically significant.

3  | RESULTS

3.1 | The overall population prevalence of 
thalassemia in Dongguan region

Among	total	19	442	subjects	that	were	 initially	screened	for	he-
matology	abnormality,	4891	were	suspected	cases	that	underwent	

further genetic analysis. There are 2319 cases diagnosed as thalas-
semia	carriers,	including	1483	cases	of	α-thalassemia,	741	cases	of	
β-thalassemia,	 and	95	cases	 composite	α-and	β-thalassemia.	The	
overall prevalence rate of thalassemia in Dongguan was 11.9%, 
and the prevalence rates of α-	and	β-thalassemia	were	7.6%	and	
3.8%,	 respectively.	 In	addition,	carriers	of	both	α-	and	β-	 thalas-
semia were detected for the first time in Dongguan, and the rate 
was 0.5%.

3.2 | Genotypes and mutation spectrum of α- and 
β- thalassemia

In	our	cohort,	a	total	of	71	genotypes	were	identified	(Table	1).	We	
identified 12 different variations with 24 distinct genotypes among 
1483	α-thalassemia	carriers	in	this	study	(Table	1).	The	–SEA/αα was 
the most common α-thalassemia	in	Dongguan,	accounting	for	65.8%	
of all α-thalassemia	genotypes.	The	next	 five	most	common	geno-
types	were	-α3.7/αα,	-α4.2/αα, αCSα/αα, αWSα/αα, and αQSα/αα, with 
frequencies of 15.4%, 4.9%, 3.7%, 3.4%, and 2.2%, respectively 
(Table	 1).	 In	 total,	 these	 six	 genotypes	 accounted	 for	 95.4%	of	 all	
α-thalassemia	genotypes.

Some	 rare	 genotypes	 such	 as	 αcodon30α/αα, αcodon31α/αα, and 
–THAI/αα were also identified in this study. Twelve α-thalassemia	
mutations were found when calculating the specific mutation fre-
quencies of all α	mutant	chromosomes	(allele	frequency).	The	–SEA 
deletion mutation was the most frequent, accounting for 66.0% of 
all α	 mutant	 loci.	 The	 other	 high-frequency	mutations	 were	 -α3.7, 
-α4.2, αCSα, and αWSα with allelic frequencies of 17.0%, 6.0%, 4.1%, 
and	4.1%,	respectively	(Table	2).

Among	 the	 741	 subjects	 detected	 with	 β-thalassemia,	 we	
found	18	β-thalassemia	mutations	and	21	genotypes	(Table	1).	The	
most frequent genotypes were βCodons	41/42	(-TTCT)/βN, and βIVS-II-654	
(C>T)/βN, with a remarkable proportion of 41.7% and 27.5%, respec-
tively. The other common genotypes were βCodon	 17	 (A>T)/βN, β-28	
(A>G)/βN, and βCodons	71/72	(+A)/βN with corresponding proportions of 
12.3%,	9.2%,	and	3.1%.	As	for	allele	frequency,	the	most	frequent	
mutations	were	Codons	 41/42	 (-TTCT),	 IVS-II-654	 (C>T),	 Codon	
17	(A>T),	and	−28	(A>G)	with	corresponding	proportions	of	41.9%,	
27.5%, 12.6%, and 9.1%, which in total accounting for 91.1% of all 
β mutant chromosomes. The allele frequencies of thalassemia mu-
tations	 in	the	populations	of	different	regions	 in	Southern	China	
were shown in Table 2.

Ninety-five	 subjects	 carried	 both	 α and β-globin	 variations.	
Among	them,	78.9%	of	genotypes	consisted	of	common	deletions	of	
α-globin	gene	(–SEA/αα,	-α3.7/αα,	-α4.2/αα)	combined	with	a	β-globin	
gene point mutation, and composite –SEA/αα and βCodons	41/42	(-TTCT)/
βN	was	the	most	common	genotype	(Table	1).

A	 total	 of	 eleven	novel	mutations	were	 identified	 from	eleven	
unrelated subjects in this study, which include two mutations in 
HBA1	gene,	two	mutations	 in	HBA2	gene,	and	seven	mutations	 in	
HBB gene. The hematological characteristics of eleven subjects with 
novel mutations were shown in Table 3.
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3.3 | Hematological parameters in thalassemia 
carrier of different genotype

The mean hemoglobin levels, RBC counts, MCV, MCHC, and MCH 
values of common thalassemia groups are shown in Table 4.

In the cohort with α-thalassemia,	 the	 phenotypic	 severity	 in-
creases with the number of nonfunctional α-globin	genes.	 In	our	
study, the most common clinical condition of α-thalassemia	 is	
α-thalassemia	trait,	which	loses	two	α genes and majority of them 
is	 genotype	 of	 –SEA/αα. Hb H disease loses three α	 genes	 (–/-α 
or –/αTα)	 and	 shows	 a	moderate	 to	 severe	microcytic	 hypochro-
mic	hemolytic	anemia.	Among	the	silent	α-carriers	group,	 the	Hb	
of αCSα/αα	 group	was	 lower	 than	 those	 of	 -α3.7/αα and αWSα/αα 
groups (P <	.05),	the	RBC	of	αCSα/αα group was lower than those of 
αQSα/αα and αWSα/αα groups(P <	 .05),	the	MCV	of	αQSα/αα group 
was	lower	than	those	of	-α3.7/αα and αWSα/αα groups (P <	.05),	and	
the MCH and MCHC of αWSα/αα group were higher than those of 

αCSα/αα and αQSα/αα groups (P <	.05).	As	shown	in	Table	4,	the	pa-
tients of –SEA/αWSα genotype have a less severe clinical phenotype 
than patients with other Hb H diseases. The hemoglobin, MCV, and 
MCH of –SEA/αWSα genotype were higher than those average of Hb 
H diseases (P <	.05).

The MCV and MCH in both the of β0 and β+ carriers group are 
markedly reduced. There are no differences among the entire β0 car-
riers group, but there are significantly differences between βIVS-II-654	
(C>T)/βN and β-28	(A>G)/βN group in MCV and MCH.

4  | DISCUSSION

Epidemiological data have shown that thalassemia is highly preva-
lent	in	Southern	China,	which	seriously	affects	the	lives	of	children	
and their families.9,10 Therefore, early and accurate detection is very 
important for the diagnosis and management of the disease.

TA B L E  1   Distribution of α-	and	β-thalassemia	genotypes	in	Dongguan	Region

α-Thalassemia β-Thalassemia α- + β-thalassemia

Genotype Cases % Genotype Cases % Genotype Cases %

–SEA/αα 975 65.8 βCodons	41/42	(-TTCT)/βN 309 41.7 –SEA/αα; βCodons	41/42	(-TTCT)/βN 13 13.7

-α3.7/αα 229 15.4 βIVS-II-654	(C>T)/βN 204 27.5 -α3.7/αα; βCodons	41/42	(-TTCT)/βN 9 9.5

-α4.2/αα 73 4.9 βCodon	17	(A>T)/βN 91 12.3 -α3.7/αα; βIVS-II-654	(C>T)/βN 8 8.4

αCSα/αα 55 3.7 β-28	(A>G)/βN 68 9.2 –SEA/αα; β-28	(A>G)/βN 8 8.4

αWSα/αα 51 3.4 βCodons	71/72	(+A)/βN 23 3.1 –SEA/αα; βCodon	17	(A>T)/βN 7 7.4

αQSα/αα 33 2.2 β E/βN 9 1.2 αWSα/αα; βCodons	41/42	(-TTCT)/βN 7 7.4

–SEA/-α3.7 19 1.3 βCodon	43	(G>T)/βN 7 0.9 -α3.7/αα; βCodon	17	(A>T)/βN 6 6.3

-α4.2/–SEA 11 0.7 β-50	(G>A)/βN 5 0.7 -α3.7/αα; β-28	(A>G)/βN 6 6.3

αWSα/–SEA 6 0.4 β-29	(A>G)/βN 5 0.7 –SEA/αα; βCodons	71/72	(+A)/βN 5 5.3

-α3.7/-α4.2 5 0.3 βSEA-HPFH/βN 3 0.4 -α4.2/αα; βCodons	41/42	(-TTCT)/βN 5 5.3

αWSα/-α3.7 4 0.3 βCodons	27/28	(+C)/βN 3 0.4 –SEA/αα; βIVS-II-654	(C>T)/βN 4 4.2

αCSα/–SEA 4 0.3 βCodons	14/15	(+G)/βN 2 0.3 -α4.2/αα; βIVS-II-654	(C>T)/βN 2 2.1

αcodon 30α/αα 3 0.2 βIVS-I-1	(G>T)β 2 0.3 αQSα/αα; βCodons	41/42	(-TTCT)/βN 2 2.1

αQSα/–SEA 3 0.2 βCodon	17	(A>T)/βCodons 

41/42	(-TTCT)
2 0.3 –SEA/αα; β-29	(A>G)/βN 1 1.1

-α3.7/-α3.7 2 0.1 βChinese del/βN 2 0.3 –SEA/αα; βCap	+1	(A>C)(–AAAC)/βN 1 1.1

αCSα/-α4.2 2 0.1 βIVS-II-5	(G>C)/βN 1 0.1 αCSα/αα; β Codons41/42	(-TTCT)/βN 1 1.1

Hb	Amsterdam-A1/αα 1 0.1 βCodon	37	(TGG>TAG)/βN 1 0.1 αCSα/αα; β-50	(G>A)/βN 1 1.1

Initiation	codon	(-T)/αα 1 0.1 β-90	(C>T)/βN 1 0.1 αCSα/αα; βCodon	17	(A>T)/βN 1 1.1

αcodon31α/αα 1 0.1 β-87	(C>A)/βN 1 0.1 αQSα/αα; βIVS-II-654	(C>T)/βN 1 1.1

αCSα/-α3.7 1 0.1 βCodons	41/42	(-TTCT)/
βIVS-II-654	(C>T)

1 0.1 αQSα/αα; βCodon	17	(A>T)/βN 1 1.1

αWSα/-α4.2 1 0.1 βCodon	17	(A>T)/ β-87	(C>A) 1 0.1 -α3.7/αα; βCodons	71/72	(+A)/βN 1 1.1

αCSα/αWSα 1 0.1 Total 741 100.0 αWSα/αα; βCodon	17	(A>T)/βN 1 1.1

HKαα/–SEA 1 0.1 αWSα/αα; β-28	(A>G)/βN 1 1.1

–THAI/αα 1 0.1 αWSα/αα; βIVS-II-654	(C>T)/βN 1 1.1

Total 1483 100.00 αWSα/αα; βCodons	71/72	(+A)/βN 1 1.1

αWSα/-α3.7; βCodon	17	(A>T)/βN 1 1.1

Total 95 100.0
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In this study, for the first time we reported the prevalence and 
molecular characteristics of thalassemias in Dongguan, a city with a 
large	amount	of	migrants	in	Southern	China.	The	results	showed	that	
there was a high prevalence of thalassemia in this area, with overall 
frequency of 11.9%. The overall frequency of thalassemia was similar 
to	the	average	level	of	Guangdong	province	(11.07%),	but	lower	than	
that	of	Guangxi	Region	(24.51%).10

In comparison with the previous reports on the same re-
gion,14-16 our data showed higher frequencies of α-thalassemia	
carriers and β-thalassemia	 carriers.	 We	 speculated	 that	 it	 was	

probably resulted from the combination of rapid increase of pop-
ulation mobility and the coverage of pathogenic loci by the latest 
NGS	technology	which	is	more	sensitive	and	comprehensive	than	
the	 traditional	genotyping	analysis.	Thus,	NGS	could	be	a	better	
large-scale	 screening	 method,	 especially	 in	 high	 prevalence	 re-
gions. The frequency order of common β-thalassemia	 mutation	
types was similar to that reported in the previous studies.14-16 
However, there are differences in that of α-thalassemia.	 Our	
study showed the frequency of αCSα/αα was higher than αWSα/
αα and αQSα/αα, which was similar to the results by He.15	 Study	

Mutation

Allele frequencies (%)

Dongguan 
(this study) Guangdong14 Chaoshan18 Meizhou19 Guangxi20

α-thalassemia

(–SEA/)	deletion 66.0 48.5 57.6 65.2 44.7

	(-α3.7/)	deletion 17.0 36.4 23.7 18.0 27.2

(-α4.2/)	deletion 6.0 11.1 13.7 8.3 9.2

HBA2:c.427T	>C 
(Hb	CS)

4.1 2.1 3.2 4.4 6.9

HBA2:c.369C	>G 
(Hb	Westmead)

4.1 – – 2.5 8.9

HBA2:c.377T	>C 
(Hb	QS)

2.3 0.4 1.8 0.7 2.1

Other 0.5 1.5 – – 1.1

β-thalassemia

Codons 41/42 
(-TTCT)

41.9 36.4 30.2 32.4 42.5

IVS-II-654	(C>T) 27.5 28.4 39.6 40.8 8.9

Codon	17	(A>T) 12.6 4.0 7.6 8.1 24.7

−28	(A>G) 9.1 16.7 13.2 10.5 8.6

Codons 71/72 (+A) 3.1 3.5 – 1.0 2.3

Hb E 1.2 5.1 – 1.8 1.2

Codon 43 (G>T) 0.9 3.5 – 0.1 0.1

Other 3.6 2.3 – 5.3 11.7

TA B L E  2   Comparison of the allele 
frequencies of thalassemia mutations in 
the populations of different regions in 
Southern	China

ID Sex-age HGVS
MCV 
(fL)

MCH 
(pg)

Hb 
(g/L)

1 M-3 HBA1:c.260T>C 83.3 24.7 135

2 F-6 HBA1:c.351G>T 86.6 28.1 130

3 F-50 HBA2:c.184A>T 82.6 26 127

4 M-33 HBA2:c.242delT 81.1 27.5 147

5 F-28 HBB:c.209G>C 68.9 22.1 116

6 M-3 HBB:c.*+129T>A 89.1 25.4 110

7 M-6 HBB:c.-113A>G 83.4 26.6 119

8 F-22 HBB:c.268_281delAGTGAGCTGCACTG 76.5 24.9 106

9 M-5 HBB:c.-23A>G 83.8 27.9 134

10 F-32 HBB:c.-113A>G 81.2 27.6 142

11 M-2 HBB:c.-15C>T 94.2 29.2 101

TA B L E  3   Hematological characteristics 
of 11 subjects with novel mutations
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by Zhong14 showed αQSα/αα has an obvious higher frequency than 
those of αCSα/αα and αWSα/αα. This is likely due to the difference 
in sample size apart from the rapid change in population composi-
tion and improved sensitivity in genetic analysis.

Similar	 to	 other	 southern	 regions	 of	 China,	 the	most	 frequent	
α-thalassemia	 mutations	 in	 Dongguan	 region	 are	 -SEA,	 -α3.7, and 
-α4.2. However, the constituent ratio of mutations in α-thalassemia	
is different from the average level of Guangdong province, with the 
proportion	of	-SEA,	-α3.7,	and	-α4.2	in	66.0%	vs	48.5%,	17%	vs	36.5%,	
and 6.0% vs 11.0%, respectively.19 This might be due to the fact that 
more than 2/3 of Dongguan's populations are immigrants from other 
areas, such as Guangxi, Jiangxi, and Hunan provinces. The migrants 
from outside could affect the prevalence in many cities.20

As	 for	β-thalassemia	genotypes,	βCodons	41/42(-TTCT)/βN and βIVS-II-654	
(C>T)/βN were the most two frequent β-thalassemia	subtypes,	accounting	
for 69.4% of the genotypes. The frequency ranking order of the two 
major mutations was consistent with the average level of Guangdong,19 
but different from Chaoshan region in eastern part of Guangdong 

province21 and Meizhou region in northeast of Guangdong province.22 
This may be attributed to the fact that there is a distinct population com-
position in these areas. People residing in Chaoshan speak a unique dia-
lect and have a distinct lifestyle and are defined as Chaoshanese, while 
Meizhou area has one of the largest Hakka communities in the world.

Xiong10 thought αWSα/αα genotype cause α-thalassemia	 silent	
and αCS and αQS genotype lead to α-thalassemia	trait.	Traditionally,	
the patients of –/αCSα genotype, which is also known as Hb H 
Constant	 Spring	 (HCS),	 have	 more	 severe	 clinical	 symptoms	 than	
patients with other Hb H diseases.23 This difference was not ob-
served in our cohort, likely explained by the limited sample size. In 
the future study, we will increase the sample size to explore the gen-
otype-phenotype	correlation	of	thalassemia.

Meanwhile,	 ninety-five	 subjects	 were	 identified	 with	 both	
α-	and	β-globin	variations	 in	this	study.	 In	this	case,	 the	synthesis	
of both chains has been impaired, and the individuals manifested 
significantly improved phenotypes. However, the diagnosis of dou-
ble	 heterozygote	 state	 is	 important.	 Unlike	 typical	 β-thalassemia	

TA B L E  4   Hematological parameters in thalassemia carrier of common genotype

Genotype Case number Hb (g/L) RBC (×1012/L) MCV (fl) MCHC (g/L) MCH (pg)

α-thalassemia

Silent	α-carriers

−α3.7/αα 229 120.4 ± 19.4 4.8	± 0.6 78.9	± 6.2 318.5	± 17.0 25.1 ± 2.4

−α4.2/αα 73 117.5 ±	18.9 4.7 ± 0.5 77.5 ± 6.9 320.2 ±	18.9 24.8	± 2.6

αCSα/αα 55 109.4 ±	16.8a  4.6 ± 0.6b  76.5 ± 7.3 310.7 ±	18.2 23.8	± 2.9

αWSα/αα 51 123.6 ± 17.5 4.9 ± 0.6 78.7	±	8.5 323.6 ± 15.5d  25.5 ± 3.3d 

αQSα/αα 33 114.2 ± 22.2 5.0 ± 0.6 75.0 ±	7.8c  305.2 ± 26.7 23.0 ± 3.3

α-thalassemia	trait

–SEA/αα 975 111.1 ± 15.3 5.4 ± 0.7 66.0 ± 5.6 313.1 ± 20.0 20.7 ± 2.0

Hb H disease

–SEA/-α3.7 19 90.4 ± 13.9 5.4 ±	0.8 58.0	± 7.2 293.7 ± 23.4 17.0 ± 2.2

–SEA/-α4.2 11 86.1	± 9.3 5.0 ± 0.7 54.5 ± 14.4 298	± 22.3 17.7 ± 2.3

–SEA/αWSα 6 103.8	± 13.1e  5.3 ± 0.7 63.0 ± 6.0 309.5 ± 11.5 19.5 ± 1.4e 

–SEA/αCSα 4 81.8	± 20.0 4.7 ± 1.1 62.6 ± 6.0 276.8	± 13.7 17.3 ± 1.1

β-thalassemia

β0 carriers

β(e )/βN 309 101.9 ± 14.2 5.3 ±	0.8 61.0 ± 5.9 317.3 ± 16.1 19.4 ± 2.1

β(e )/βN 91 102.3 ± 14.6 5.3 ± 0.9 61.3 ± 6.6 320.0 ±	18.5 19.6 ± 2.6

β(e )/βN 23 95.8	± 17.2 5.0 ± 0.7 61.2 ± 4.2 310.8	± 19.6 19.0 ± 1.5

β+ carriers

βIVS-II-654	(C>T)/βN 204 98.8	± 15.1 5.3 ±	0.8 62.3 ± 7.5 313.8	±	18.1 19.5 ± 2.4

β-28	(A>G)/βN 68 108.3	± 16.1f  5.1 ±	0.8 68.9	± 5.9f  312.9 ± 19.0 21.6 ± 2.4f 

Abbreviations:	Hb,	hemoglobin;	MCH,	mean	corpuscular	Hb;	MCHC,	mean	corpuscular	hemoglobin	concentration;	MCV,	mean	corpuscular	volume;	
RBC, red blood cell count.
aAmong	the	silent	α-carriers	group,	the	Hb	of	αCSα/αα	group	was	lower	than	those	of	-α3.7/αα and αWSα/αα groups (P <	.05).	
bAmong	the	silent	α-carriers	group,	the	RBC	of	αCSα/αα group was lower than those of αQSα/αα and αWSα/αα groups(P <	.05).	
cAmong	the	silent	α-carriers	group,	the	MCV	of	αQSα/αα	group	was	lower	than	those	of	-α3.7/αα and αWSα/αα groups (P <	.05).	
dAmong	the	silent	α-carriers	group,	the	MCH	and	MCHC	of	αWSα/αα group were higher than those of αCSα/αα and αQSα/αα groups (P <	.05).	
eThe Hb and MCH of –SEA/αWSα genotype were higher than that of other Hb H diseases (P <	.05).	
fAmong	the	β+ carriers groups, there are significantly differences between βIVS-II-654	(C>T)/βN and β-28	(A>G)/βN group. 
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carriers, these individuals will be at risk of having offspring with 
severe α-thalassemia	 if	 their	 partners	 are	 also	 α-thalassemia	
heterozygotes.

5  | CONCLUSIONS

We analyzed the genetic profiles and hematological phenotypes 
of thalassemia in Dongguan, southern China. Based on this study, 
preventive measures and strategies could be formulated according 
to the thalassemia genotyping in order to reduce the incidence of 
severe thalassemia in children. Our findings will provide valuable ref-
erence for genetic counseling and prevention of severe thalassemia 
in	 this	area.	The	 limitation	of	our	study	 is	 the	possible	missed-out	
carriers during primary screening of routine blood test, which will be 
addressed in the future study.
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