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Abstract: This is a report of a couple with abnormal hematological indices who were investigated
for α & β-thalassemia mutations. Based on CBC and capillary hemoglobin electrophoresis results,
the male and female subjects were β & α-thalassemia carriers, respectively. Multiplex-Gap-PCR and
Sanger sequencing techniques were used for the identification of mutations on α and β-globin genes.
The DNA test showed the presence of c.315 + 1 G > A mutation on β-globin gene of male subject
while the female case had – MED double gene deletion and c.427T > C mutation on α-globin and,
interestingly, she was also a carrier for c.315 + 1 G > A mutation on β-globin gene. Cases with the
coinheritance of heterozygous β0-thalassemia with one functional α-globin gene have normal HbA2
levels that may lead to their being misdiagnosed as β-thalassemia carriers, especially in premarital
screening programs for thalassemia. Therefore, β-globin gene sequencing is recommended in cases
with normal Hb electrophoresis and reduced hematological indices in premarital screening programs
for thalassemia, especially in regions with a high frequency of β-globin mutations, in order to identify
all the β-thalassemia carriers.
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1. Introduction

α and β-Thalassemia are among the most frequent genetic disorders in the world. The
diseases are caused by the mainly reduced synthesis of α and β-globin genes [1]. The level
of globin chains imbalance that underlies ineffective erythropoiesis is the main factor that
affects the phenotype of the patients [2].

Thalassemia is a common health problem in Mediterranean region, the Middle East,
China, Southeast Asia, and West Africa [3]. In northern Iran, at least 15 and 10% of the
population are α and β-thalassemia carriers, respectively [4,5]. Due to the high frequency
of β-thalassemia carriers in Iran, a national pre-marital screening program for the identifi-
cation of β-thalassemia carriers began in 1991 [6].

Typically, gene deletions in α-thalassemia carriers result in a low mean corpuscular
volume (MCV), low mean corpuscular hemoglobin concentration (MCH) and normal
values of hemoglobin A2 (<3.5%), while carriers of β-thalassemia show low hematological
indices that are accompanied by elevated levels of HbA2 (≥3.5%) [1]. HbA2 levels may not
increase in cases with coinheritance of α&β-thalassemia, which leads to the misdiagnosis
of carriers in premarital screening programs [7,8].

The current study aimed to report on the co-inheritance of α- and β-thalassemia
mutations in a female case with normal HbA2 levels, while her wife was a β-thalassemia
carrier. Misdiagnosis of this case could have led to childbirth with thalassemia.
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2. Case Presentation

As a part of a premarital screening program for thalassemia, a young couple was
referred to the Fajr Medical genetics and pathobiology lab. They signed a written informed
consent and agreed to attend the study. As a primary step, complete blood count (CBC) and
capillary hemoglobin electrophoresis (Sebia, France) were applied (Table 1). The results
indicated that the male and female subjects were β & α-thalassemia carriers, respectively
(Table 1). Since both of them had reduced hematological indices, molecular analysis was
applied for the detection of α & β-globin mutations.

Table 1. Hematological indices of the couple referred for premarital screening of the β-thalassemia.

Age (y) RBC
(×106/µL)

Hb
(g/dL)

MCV
(fl)

MCH
(pg)

Hb-A
(%)

Hb-A2
(%)

Hb-F
(%)

Other Hb
(%)

Male 27 6.1 12 63.1 19.4 94.5 5.1 >0.5 -
Female 23 6.8 10.3 46.9 15.1 93.8 3.2 2.2 0.8 (HbCS)

Reference Range - 4.5–6.3 12–16 80–95 27–32 94.5–98 <3.5 <2 -

In the next step, for molecular analysis, genomic DNA was extracted from peripheral
blood using QIAamp DNA Mini Kit (Qiagen, Germany) and, for the detection of common α-
globin gene deletions (-α3.7, -α4.2.--MED, --20.5, -- SEA, and -- FIL), the multiplex gap-PCR
method was used [9]. For the identification of α and β-globin point mutations, the entire α

and β-globin genes were sequenced using the direct DNA sequencing approach (3130XL,
ABI, USA). The molecular analysis confirmed that the male subject is a β-thalassemia carrier
with c.315 + 1 G mutation (NM_000518.5), which is a common mutation in the region. He
had no α-globin mutation.

Investigation of α-globin gene mutations on female case showed only one functional
α-globin gene: actually, she carried --Med double gene deletion and c.427T > C mutation
(NM_000517.6) or Hb Constant Spring simultaneously (Figure 1). β-globin gene analysis
showed that she is also a β-thalassemia carrier (Heterozygote for c.315 + 1 G > A mutation)
(Figure 1). Although the CBC and capillary electrophoresis indicated that the female is an
α-thalassemia carrier, the sequencing results showed that the case also carries the β- globin
gene mutation and she could have been misdiagnosed if only the CBC and electrophoresis
test results were considered for premarital screening. The identified mutations were also
confirmed in her parents. She had a normal phenotype with no symptoms of thalassemia.
Since the male and female subjects were β-thalassemia carriers, prenatal diagnosis of β-
thalassemia was recommended for this couple.
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3. Discussion

β-thalassemia is the most common inherited disease in Iran, especially in the southern
and northern provinces (more than 10 % carrier frequency), [10–12]. A significant reduction
was observed in the emergence of new cases in most regions of the country as the pre-
marital carrier screening programs for thalassemia began in 1991, [6]. However, there are
still rare new childbirths with thalassemia due to failures in the screening program [13,14].
The screening program is primarily based on hematological indices and hemoglobin elec-
trophoresis test results. The carriers of β-thalassemia usually show low hematological
indices, accompanied by higher levels of HbA2 (≥3.5%). However, there are some carriers
of β-thalassemia, like the presented case, that have normal HbA2 levels, and misdiagnosis
may lead to childbirth with thalassemia.

A similar condition was reported in a couple from China, where a single functional
α-globin in combination with β-globin mutation was detected in a man and his wife was
a β-thalassemia carrier [15]. The husband had −−SEA/αCSα genotype for α-thalassemia
and he was heterozygote for codons 41–42 (-TCTT) mutation on β-globin gene and his wife
was heterozygote for IVS-II-654 (C > T) mutation. Similar to the presented female case,
although the husband was heterozygote for β-globin gene mutation, his Hb A2 levels were
in the normal range (2.8%).

The co-existence of α and β-thalassemia is not very rare in the region; however, in the
presented case, due to the presence of just one functional α-globin gene, the HbA2 levels
were reduced to the normal rang. Misdiagnosis of these cases increases the risk of childbirth
with thalassemia. Moreover, there are some silent beta thalassemia mutations that do not
change the haematological indices and can be missed during screening programs [16]. The
rapid and precise screening of carriers is vital in the population with high thalassemia
incidence rates to prevent the misdiagnosis of carriers, and the presentation of complicated
cases helps to get comprehensive knowledge about carrier detection.

The present case indicates that coexistence of α and β-globin gene defects may lead
to misdiagnosis of β-thalassemia carriers. Therefore, β-globin gene sequencing is recom-
mended in cases with normal Hb electrophoresis and reduced hematological indices in
premarital screening program for thalassemia, especially in regions with a high frequency
of β-globin mutations in order to identify all of the β-thalassemia carriers.

Author Contributions: M.M. and H.J.; methodology, M.M.; software, H.K.; formal analysis, M.M.
and H.K.; data curation, H.J. and H.K.; writing—original draft preparation, M.R.M., writing—review
and editing, M.R.M.; project administration. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no extra funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data can be made available upon request to the corresponding author.

Acknowledgments: The authors are grateful to Bita Talebi, Fatemeh Alizadeh, and Maryam Rahimi
for their assistance in sampling and writing of the manuscript. This case report was coordinated by
Fajr Genetics and Pathobiology Laboratory.

Conflicts of Interest: The authors report no conflict of interest. The authors alone are responsible for
the content and writing of this article.

References
1. Weatherall, D.J. The definition and epidemiology of non-transfusion-dependent thalassemia. Blood Rev. 2012, 26, S3–S6. [CrossRef]
2. Mettananda, S.; Gibbons, R.J.; Higgs, D.R. α-Globin as a molecular target in the treatment of β-thalassemia. Blood J. Am. Soc.

Hematol. 2015, 125, 3694–3701. [CrossRef]
3. Abolghasemi, H.; Amid, A.; Zeinali, S.; Radfar, M.H.; Eshghi, P.; Rahiminejad, M.S.; Ehsani, M.A.; Najmabadi, H.; Akbari, M.T.;

Afrasiabi, A. Thalassemia in Iran: Epidemiology, prevention, and management. J. Pediatric Hematol./Oncol. 2007, 29, 233–238.
[CrossRef]

http://doi.org/10.1016/S0268-960X(12)70003-6
http://doi.org/10.1182/blood-2015-03-633594
http://doi.org/10.1097/MPH.0b013e3180437e02


Thalass. Rep. 2022, 12 104

4. Jalali, H.; Mahdavi, M.R.; Roshan, P.; Kosaryan, M.; Karami, H.; Mahdavi, M. Alpha thalassemia gene mutations in neonates from
Mazandaran, Iran, 2012. Hematology 2012, 19, 192–195. [CrossRef] [PubMed]

5. Mahdavi, M.R.; Kowsarian, M.; Karami, H.; Mohseni, A.; Vahidshahi, K.; Roshan, P.; Hojjati, M.T.; Ebrahimzadeh, M.A. Prevalence
of hemoglobin alpha-chain gene deletion in neonates in North of Iran. Eur. Rev. Med. Pharmacol. Sci. 2010, 14, 871–875. [PubMed]

6. Samavat, A.; Modell, B. Iranian national thalassaemia screening programme. BMJ 2004, 329, 1134–1137. [CrossRef] [PubMed]
7. Moghaddam, Z.K.; Bayat, N.; Valaei, A.; Kordafshari, A.; Zarbakhsh, B.; Zeinali, S.; Karimipoor, M. Co-inheritance of α-and

β-thalassemia: Challenges in prenatal diagnosis of thalassemia. Iran J. Blood Canc 2012, 2, 81–84.
8. Zhong, L.; Gan, X.; Xu, L.; Liang, C.; Xie, Y.; Lin, W.; Chen, P.; Liu, M. The phenomena of balanced effect between α-globin gene

and of β-globin gene. BMC Med. Genet. 2018, 19, 145. [CrossRef] [PubMed]
9. Chong, S.S.; Boehm, C.D.; Higgs, D.R.; Cutting, G.R. Single-tube multiplex-PCR screen for common deletional determinants of

α-thalassemia. Blood 2000, 95, 360–362. [CrossRef] [PubMed]
10. Habibzadeh, F.; Yadollahi, M.; Merat, A.; Haghshenas, M. Thalassemia in Iran: Overviwe. Arch. Iran. Med. 1998, 1, 27–33.
11. Eshghi, P.; Sanei Moghaddam, E.; Hasheini, S. Prevalence of hemoglobinopathies in Sistan and Balouchistan province in the

southeast of Iran. Sci. J. Iran. Blood Transfus. Organ. 2013, 9, 406–413.
12. Bazi, A.; Miri-Moghaddam, E. Spectrum of β-thalassemia Mutations in Iran, an Update. Iran. J. Pediatric Hematol. Oncol. 2016,

6, 190–202.
13. Miri-Moghaddam, E.; Naderi, M.; Izadi, S.; Mashhadi, M. Causes of new cases of major thalassemia in sistan and balouchistan

province in South-East of iran. Iran. J. Public Health 2012, 41, 67. [PubMed]
14. Mahdavi, M.R.; Karami, H.; Akbari, M.T.; Jalali, H.; Roshan, P. Detection of rare beta globin gene mutation [+ 22 5UTR (G> A)] in

an infant, despite prenatal screening. Case Rep. Hematol. 2013, 2013, 906292. [CrossRef] [PubMed]
15. Li, D.-Z.; Liao, C.; Zhou, J.-Y.; Xie, X.-M.; Li, J. Mild hemoglobin H-constant spring disease with β-thalassemia a case report. Ann.

Hematol. 2011, 90, 123–124. [CrossRef] [PubMed]
16. Cao, A.; Galanello, R. Beta-thalassemia. Genet. Med. 2010, 12, 61–76. [CrossRef] [PubMed]

http://doi.org/10.1179/1607845413Y.0000000115
http://www.ncbi.nlm.nih.gov/pubmed/24074530
http://www.ncbi.nlm.nih.gov/pubmed/21222374
http://doi.org/10.1136/bmj.329.7475.1134
http://www.ncbi.nlm.nih.gov/pubmed/15539666
http://doi.org/10.1186/s12881-018-0659-9
http://www.ncbi.nlm.nih.gov/pubmed/30119651
http://doi.org/10.1182/blood.V95.1.360
http://www.ncbi.nlm.nih.gov/pubmed/10607725
http://www.ncbi.nlm.nih.gov/pubmed/23304678
http://doi.org/10.1155/2013/906292
http://www.ncbi.nlm.nih.gov/pubmed/23662220
http://doi.org/10.1007/s00277-010-0955-8
http://www.ncbi.nlm.nih.gov/pubmed/20383502
http://doi.org/10.1097/GIM.0b013e3181cd68ed
http://www.ncbi.nlm.nih.gov/pubmed/20098328

	Introduction 
	Case Presentation 
	Discussion 
	References

