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A B S T R A C T

Thalassemia is a hemoglobin disease characterized by reduced or complete absence of the pro-
duction of the α/β globin gene. Currently, the detection of β-thalassemia carriers is based on 
differences in blood cell parameters. However, β-thalassemia carriers cannot be distinguished 
from α- and β-thalassemia co-inherited carriers based solely on hematological findings, and the 
differential diagnosis must rely on molecular diagnosis. We report a 32-year-old male from 
Yunnan Province, who had abnormal hemoglobin E without obvious anemia. A rare αCS (CD142, 
TAA→CAA) combined with a βE (CD26, GAG→AAG) double heterozygous mutation was identi-
fied in the proband by PCR-reverse dot blot (PCR-RDB) and DNA sequencing. Additionally, a 
family lineage analysis was performed. This study complements the spectrum of rare thalassemia 
gene variants and is critical for clinical genetic counseling.

1. Introduction

Thalassemia is a form of hemolytic anemia that is caused by the deletion or mutation of the globin gene, leading to impaired globin 
chain synthesis. It is a genetic disease that poses serious threats to human health. Thalassemia is prevalent in Southeast Asia, the 
Middle East, the Mediterranean, Africa and the Indian subcontinent, with marked ethnic and geographic differences [1]. Thalassemia 
is highly prevalent in South China, such as Yunnan, Guangdong, Guizhou, Guangxi and Sichuan [2,3]. Clinical diagnosis of thalassemia 
mainly includes hematological screening and genetic testing. Hematological screening primarily includes routine blood tests, he-
moglobin electrophoresis, and red blood cell osmotic fragility tests. Genetic diagnosis is typically used for the detection of common 
hotspot deletions or mutation types of thalassemia gene defects in China [4]. Currently, thalassemia gene test kits can detect the 23 
most prevalent thalassemia variants in China, encompassing 3 deletional α-thalassemia variants, 3 non-deletional α-thalassemia 
variants, and 17 common β-thalassemia variants. Among them, αCS combined with a βE double heterozygous mutation has been rarely 
reported in China, and its clinical characteristics require investigation. In this study, a case of Hb Constant Spring (Hb CS, HBA2: c.427, 
T > C) combined with a CD26 (HBB: c.79, G > A) double heterozygous mutation was detected, and family lineage was analyzed.
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2. Case description

The proband, a 32-year-old male from Yunnan Province, visited the department of neurology due to intermittent headache and 
dizziness in February 2023. The proband reported no obvious abnormalities in head MRI and CT, and denied having abnormal blood 
pressure and dyslipidemia. The doctor inquired about the medical history and learned that the proband was diagnosed with thalas-
semia in Yunnan; however, the specific examination was unknown. Physical examination: no pale lips, no yellow mucosa, no liver and 
spleen enlargement, no lymph node enlargement. Previous history: no history of blood transfusion, no history of iron therapy. Then, 
the proband was diagnosed as a thalassemia carrier of αCS (TAA→CAA) heterozygous mutation combined with a βE (GAG→AAG) 
heterozygous mutation through complete blood count (CBC), hemoglobin (Hb) analysis, and genetic analysis in our hospital. With no 
obvious anemia, the proband did not need treatment for the time being. Then, the proband was advised to go to the department of 
psychology. The doctor evaluated the proband’s intermittent headache and dizziness as related to anxiety and depression, and treated 
him with Flupentixol-melitracen.

In China, a database and literature search revealed that this genotype of the proband has rarely been reported. The parents of the 
proband are from Yunnan. The family members were investigated, and their CBC, Hb analysis, and genetic analysis were performed 
(Fig. 1A). CBC was detected with an automated hematology analyzer (Sysmex XN9100, Japan). The white blood cell (WBC) count, Hb 
level and platelet (PLT) count were normal for the proband (II1), father (I1), sister (II2), and daughter (III1). They showed decreased 
levels of mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) without obvious anemia. The mother (I2) of the 
proband had microcytic hypochromic anemia with decreased levels of MCV (79.1 fL), MCH (25.2 pg), and Hb (105 g/L). Capillary 
electrophoresis (CE) (Sebia Minicap-FP; Sebia, France) were used to detected Hb analysis of the peripheral blood samples. The mother 
(I2) and sister (II2) had normal HbA2 levels (normal range 1.5%–3.7 %), whereas the proband (II1), father (I1), and daughter (III1) had 

Fig. 1. Identification of the thalassemia genotype. (A) Family pedigree. Circles: female members; squares: male members; (B–F) Hb analysis via 
capillary electrophoresis: (B) father, (C) mother, (D) proband, (E) sister, (F) daughter of the proband; (G) Genotype confirmation via PCR-RDB for 
the family; (H) The DNA sequencing revealed a heterozygous T/C mutation in α2; (I) The DNA sequencing revealed a heterozygous G/A mutation in 
β. Arrows indicate the positions of the mutations.

D. Wang et al.                                                                                                                                                                                                          Heliyon 10 (2024) e37858 

2 



abnormal hemoglobin E (HbE), suggesting the possibility of thalassemia (Table 1; Fig. 1B–F).
Then, we used PCR-RDB technology (Yaneng BIOscience, China) to confirm the genotype. We extracted genomic DNA from 200 μL 

venous blood samples with the DNA extraction kit (Tianlong, China), and detected 3 deletional α-thalassemia variants (–α3.7, –α4.2 and 
–SEA), 3 non-deletional α-thalassemia variants, (αCS (CD142, TAA→CAA), αQS (CD125, CTG→CCG), and αWS (CD122, CAC→CAG)), and 
17 common β-thalassemia variants (CD17 (AAG→TAG), CD41-42 (-TTCT), CD71–72 (+A), IVS-II-54 (C→T), IVS-I-1 (G→T), − 28 
(A→G), βE (GAG→AAG), CD43 (GAG→TAG), − 29 (A→G), CD27/28 (+C), CD14–15 (+G), IVS-I-5 (G→C), CD31 (–C), − 32 (C→A), 
− 30 (T→C), 5′UTR: +40–43 (–AAAC), and Int (ATG→AGG)). According to the PCR-RDB assay, the proband’s genotype had αCS 

(CD142, TAA→CAA) combined with a βE (CD26, GAG→AAG) double heterozygous mutation. The genotype of his father (I1) and 
daughter (III1) was characterized by a βE heterozygous mutation, whereas the genotype of his mother (I2) and sister (II2) featured an 
αCSα/αα heterozygous mutation (Fig. 1G). Hb analysis of the proband suggested the presence of a large number of HbE. To exclude the 
rare thalassemia mutations, DNA sequencing was performed by the ABI 3500 Genetic Analyzer (Life Technologies, Carlsbad, CA, USA) 
and analyzed by the Mutation Surveyor software (version 5.0.1). Sequence analysis (alignment to reference sequences NG_000006.1 
and NG_000007.3) revealed heterozygous mutations c.427T > C in HBA2 and c.79G > A in HBB, which was consistent with the PCR- 
RDB analysis results (Fig. 1H and I).

3. Discussion

According to the defective globin chain, thalassemia is mainly divided into α- and β-thalassemia, caused by HBA1/2 and HBB gene 
mutations, respectively [5]. The pathogenesis of thalassaemia is characterised by an imbalance in globin chain production, resulting in 
ineffective erythropoiesis, increased hemolysis, and disrupted iron homeostasis. Depending on the severity of anemia and the need for 
regular RBC transfusions, thalassemia can be divided into mild, intermediate, and major thalassemia. Mild thalassemia is caused by 
heterozygous mutations in a single thalassemia gene. Patients with mild thalassemia are clinically asymptomatic, with or without mild 
anemia. Individuals with major thalassemia usually require regular RBC transfusions. Intermediate thalassemia is less severe, and 
patients do not require transfusions or may receive sporadic transfusions [6]. In this study, the father and daughter of the proband were 
β-thalassemia carriers, and the mother and sister of the proband were α-thalassemia carriers. Only the mother had slight microcytic 
hypochromic anemia.

The incidence of thalassemia is high in Southeast Asia. Unlike hemoglobin sickle (HbS), the most common in Africa and the 
Mediterranean, HbE-producing β-thalassemia is dominant in Southeast Asia. This disease is mainly caused by the mutation of GAG to 
AAG at codon 26 of the β-globin gene, resulting in an amino acid change from glutamic acid (Glu) to lysine (Lys), activating cryptic 
splicing sites that regulate mRNA splicing of the β-globin gene. The activated cryptic splicing sites can compete with normal splicing 
sites and reduce the production of normally spliced mRNA, resulting in reduced β-globin gene synthesis and the production of variant 
mRNA. The latter can direct structurally abnormal, but functional HbE synthesis. Therefore, the clinical symptoms of βE carriers are 
mild. However, when βE is combined with other types of β-thalassemia, the clinical symptoms are different [7,8]. Additionally, the 
hematological results of single α-gene deficiency combined with β-thalassemia were similar to those of β-thalassemia, indicating that 
the usual single α-gene inactivation did not significantly effect the manifestations of β-thalassemia. It may be due to the improvement 
in the α/β-globin chain imbalance [9]. The compound heterozygous Hb CS/Hb E genotype has been reported in Southeast Asia. In a 
study of 202 Thai individuals, the frequency of double heterozygotes for Hb E and Hb CS was 8.4 % (17/202) [10]. Among the Có-Tu 
ethnic minority of Vietnam, the frequency of double heterozygotes for Hb E and Hb CS was 2.4 % (7/298) [11]. Notably, the double 
heterozygous Hb CS/Hb E carriers were often misdiagnosed as pure Hb E carriers on routine Hb analysis because Hb CS was not 
identified. Thalassemia has significant ethnic and geographic differences. HbE is the most common β-globin gene mutation genotype in 
thalassemia patients in Yunnan, which is different from the other parts of China [12]. A study has reported that among the 38,812 
reproductive age couples, heterozygous Hb CS/Hb E genotypes were found in five cases in the Guangxi-Yunnan-Guizhou province, 
China [13]. The frequency of double heterozygotes for Hb E and Hb CS is 0.0129 % (5/38812), which is very low and is only briefly 
mentioned in the epidemiological statistic without a detailed characterization of its clinical features. In this study, both the father and 
daughter of the proband carried a βE heterozygous mutation and had significantly increased HbE levels, but neither displayed an 

Table 1 
Blood screening and genetic analysis for thalassemia in enrolled participants.

Case Sex Age RBC (1012/ 
L)

Hb (g/ 
L)

MCV 
(fL)

MCH 
(pg)

RDW 
(fl)

HbA 
(%)

HbA2 
(%)

HBF 
(%)

HbE 
(%)

Genotype

α β

Father (I1) M 61 5.54 139.0 74.0 25.0 40.7 68.7 2.6 0.0 22.4 αα/αα βE/ 
βN

Mother (I2) F 57 4.17 105.0 79.1 25.2 43.1 97.7 2.3 0.0 0.0 αCSα/ 
αα

βN/ 
βN

Proband (II1) M 32 5.44 144.0 80.0 26.5 38.1 73.6 3.4 0.0 23.0 αCSα/ 
αα

βE/ 
βN

Sister (II2) F 34 4.89 131.0 78.6 26.8 41.5 97.6 2.0 0.0 0.0 αCSα/ 
αα

βN/ 
βN

Daughter 
(III1)

F 5 4.58 115.0 71.0 25.1 35.0 71.4 3.3 0.4 24.9 αα/αα βE/ 
βN

MCV: normal range ≥82 fL; MCH: normal range ≥27 pg.
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anemia phenotype. The proband had a rare heterozygous Hb CS with a heterozygous HbE genotype. CBC analysis showed that the 
proband had no obvious anemia. Hb analysis showed that the proband’s HbE was the same as the father and daughter, with a simple 
heterozygous βE mutation, validating the peptide chain balance theory of thalassemia. This study helps to further understand the 
manifestations of thalassemia with α-gene heterozygous mutation combined with a β-gene heterozygous mutation.

Thalassemia is an autosomal recessive disease, with normal clinical manifestations in thalassemia gene carriers. Yunnan is one of 
the provinces in China with a high prevalence of thalassaemia. The prevalence of thalassemia in Yunnan Province is complicated. 
Geographical location, ethnic distribution, population migration, and other factors impact gene frequency. A study has indicated that 
the frequency of thalassemia gene carriers in Yunnan was 10.71 %. Among them, the frequency of α-thalassemia gene carriers was 
3.46 % and that of β-thalassemia gene carriers was 7.28 % [12]. Although the gene carriers may not show obvious symptoms, they may 
pass on the disease gene to the next generation, thereby increasing the risk of thalassemia in the offspring. Consequently, the 
implementation of pre-pregnancy screening and prenatal diagnosis in high-risk couples who are both thalassemia carriers represents 
an efficacious strategy for the reduction of the risk of thalassaemia at birth [14]. In addition, the proband in this study, originally from 
Yunnan, relocated to the north for work and residence. This case illustrates that the probability of detecting thalassemia in the northern 
regions has considerably increased because of changes in place of residence or intermarriage with individuals in the north. This study 
also suggests that the hematological parameters of β-thalassemia carriers cannot be distinguished from those of α-thalassemia and 
β-thalassemia co-carriers, and the differential diagnosis rely on gene analysis. Therefore, clinicians must consider the possibility of 
α-thalassemia combined with β-thalassemia heterozygous mutations in genetic counseling, even if the patient’s hematological pa-
rameters are close to the normal range. This study has some limitations. For example, The proband sought medical treatment for 
intermittent headache and dizziness, not because of hematological symptoms. It was subsequently determined that the proband’s 
symptoms were not related to thalassemia, and treatment details for the proband’s initial symptoms were lacking. In addition, we 
failed to test the proband’s wife triggering some flaws in the family pedigree.

4. Conclusions

Genetic analysis and DNA sequencing were used to identify a rare heterozygous Hb CS with heterozygous HbE in a Chinese family 
with thalassemia. This study adds to the data on rare thalassemia genotypes and holds important implications for clinical genetic 
counseling.
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