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Background: We aimed to investigate the alpha and beta-thalassemia mutations and assess the association of hematologic indices with 
mutations.
Patients and Methods: In this cross sectional study, we assessed 275 suspected thalassemia carriers. Amplification refractory mutation 
system-polymerase chain reaction and Gap PCR were used for detection of mutations.
Results: CD 36 - 37 (-T) and -α3.7/αα were most common mutations. Mean of corpuscular hemoglobin and corpuscular volume was less 
among beta-thalassemia carriers in comparison to alpha-thalassemia carriers (P = 0.001).
Conclusions: Detected mutations were different from other regions in Iran. After iron therapy, mean of corpuscular volume (MCV) was < 
69 fL and mean of corpuscular hemoglobin was < 23 pg, may be classified as beta-thalassemia carriers.
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1. Introduction
Thalassemia is the most common monogenic disease. 

This disease with more than 200 different mutations has a 
complex genetic [1]. There is a decrease in the synthesis of 
globulin chains in this disease. Two common types of alpha 
thalassemia and beta-thalassemia are caused as a result of 
deficiency of alpha and beta chains [2]. Thalassemia is un-
evenly distributed in Iran and varies considerably from 
area to another area [3, 4]. Until now, more than ten types of 
beta-thalassemia mutations are reported in Iran [5-8].

The screening program in Iran is the performed ac-
cording to the instructions of the ministry of health and 
medical education. Thalassemia screening procedure is 
done as follows: first, the mean of mean corpuscular vol-
ume (MCV) and mean corpuscular hemoglobin (MCH) is 
measured in male. If both of these two indicators, respec-
tively, are less than 80 fL and 27 pg, then the female will 
be tested similarly. If both of these two indicators in fe-
male are less than expected, then HbA2 level in both sexes 
will be measured using column chromatography. If HbA2 
level in both male and female are measured between 3.5 
and 7, they will be thalassemia carrier couples and will be 
referred for genetic counseling [9].

Awareness of distribution and dispersion of thalassemia 
mutations is necessary for the prevention planning [6]. 

We aimed to investigate the alpha-thalassemia and beta-
thalassemia mutations in southwest of Iran and assess 
the association between hematologic indices dealing with 
thalassemia mutations in carriers will be examined.

2. Patients and Methods
We conducted a cross sectional study on carriers of 

thalassemia which referred for prenatal diagnosis 
(PND) test, from April 2011 to November 2012 in Shade-
gan. All suspected to carriers of thalassemia including 
149 couples which referred to thalassemia counseling 
center were selected. One male refused the PND test so 
we assessed 297 subjects. Shadegan is one of the coun-
ties of Khuzestan province in southwest of Iran. Ninety 
eight percent of people in Shadegan are Arab. The car-
rier couples were detected through screening thalas-
semia tests to measure three hematological indices 
including MCV, MCH and HbA2 (Hemoglobin A2). MCV 
and MCH are measured using automated hematology 
analyzer (Sysmex k-1000 Corporation) and HbA2 is mea-
sured using column chromatography [9, 10]. According 
to comprehensive screening program the PND test is 
performed in two steps. First, the type of mutations 
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and gene deficiency are detected in carriers. Then the 
sample is taken from placental villi. Any types of muta-
tions and fetus status are diagnosed in second step [9]. 
The related techniques used in genetic laboratories to 
detect beta-thalassemia mutations include: amplifica-
tion refractory mutation system-polymerase (ARMS-
polymerase), polymerase chain reaction (PCR), DNA 
sequencing, and RFLP (restriction fragment length 
polymorphism). In the first reaction presence of an 
amplified product indicates the existence of the muta-
tion, while in the second reaction its absence suggests 
existence of the mutation. Furthermore, GAP-PCR, DNA 
sequencing, and the strip are used to detect alpha-thal-
assemia mutations [11, 12].

The exclusion criteria for include in final analysis was 
the suspected thalassemia carriers, diagnosed as sickle 
cell carrier (Hb S) and other abnormal hemoglobin (Hb 
C disease, Hb D disease). So carriers of sickle cell (13 sub-
jects), Hb D disease (4 subjects), and Hb C disease (1 sub-
ject) were excluded. Finally, the statistical analysis was 
performed on 275 participants. 

All thalassemia carrier couples were referred to genetic 
laboratories for PND test in Ahvaz (capital of Khuzestan 
province). These genetic laboratories reported the re-
sult of genetic and pre-diagnosed test to the health cen-
ter of Shadegan.

The health records of carrier couples archived in Sha-
degan Health Center were used. After obtaining the in-
formed consent from couples, with using a pre-designed 
checklist, demographic data, hematologic indexes and 
result of genetic test and mutation types among carrier 
couples or their fetus were gathered. Statistical analysis 
was performed by Stata-11 software (STATA Corp, College 
Station, TX, USA), t-test, one way ANOVA and post-hoc with 
95% CI were used for data analysis.

4. Results
In this study 140 females and 135 males were assessed, 

and 62.32% (86) of females were pregnant. The mean age 
of participants was 26.2 ± 6.37 years old. The results of 
first PND test revealed 29.82% beta-thalassemia, 42.52% 
alpha thalassemia, 6.91% alpha and beta-thalassemia 
carriers and 20.73% normal. CD 36 - 37 (-T) with 40.24% 
and α3.7/αα with 55.99% were the most common mu-
tations among beta-thalassemia carriers and alpha-
thalassemia carriers respectively (Table 1). There was a 
significant difference in hematological indices among 
normal subjects, alpha thalassemia, beta-thalassemia 
carriers and both alpha and beta-thalassemia carrier 
together (P = 0.001) Table 2. According to Scheffe test, 
beta-thalassemia carriers in comparison to normal 
people had the less mean of MCH and MCV (mean dif-
ference:-4.63 and -13.76 respectively, (P = 0.001), and 
the mean of hemoglobin A2 and RBC were more than 
normal peoples (mean difference: 2.38 and 0.75 respec-
tively, (P = 0.001).

Table 1. Frequency of Beta and Alpha Mutations Among Thalas-
semia Carriers

Mutations Values a

Beta-thalassemia mutations

CD 36 - 37 (-T) 39 (38.61)
IVSII-I (G-A) 25 (24.75)
CD 8 (-AA) 13 (12.87)
IVSI-110 (G-A) 6 ( 5.94)
25 bp del 2 (1.98)
CD 6 (Hb S) 2 (1.98)
CD 8 - 9 (+ G) 2 (1.98)
Fr 8 - 9 (+ G) 2 (1.98)
Hb E (GAG > AAG) 2 (1.98)
-101 (C-T) 1 (0.99)
-28 (A-C) 1 (0.99)
-88 (C-A) 1 (0.99)
CD 36 - 37 (-T), Hb S 1 (0.99)
CD 39 (C-T) 1 (0.99)
CD 5 (-CT) 1 (0.99)
IVSI-5 (G-C), CD 36 - 37 (-T) 1 (0.99)
IVSI-I (G-A) 1 (0.99)
Total 101 (100)

Alpha-thalassemia mutations

-α3.7/αα 80 (58.82)
-α37/-α3.7 17 (12.5)
αCD19 (-G) α/αα 7 (5.15)
a poly A(AATAA > AATGA)/αα 5 (3.68)
αIVSI donor siteα/αα 4 ( 2.94)
-?α/αα b 2 (1.47)
αCD90(α-T) α/αα 2 (1.47)
α?α/αα b 2 (1.47)
-α3.7/-α4.2 2 (1.47)
αα/αα IVSII, 119 - 126-insertion/Substitu 2 (1.47)
αα2Cd19/ αα2Cd19 1 (0.74)
α2Cd19 α/αα 1 (0.74)
αCD19(-G) α/αα 1 (0.74)
αCD19-G α/αCD19-Gα 1 (0.74)
αconstant spring α/αα 1 (0.74)
αInitintion CD(T > G) α/αα 1 (0.74)
αIVSI donorsite α/αIVSI donor site αα 1 (0.74)
αIVSI donor site α/-α3.7 1 (0.74)
αα/α IvsI donor site α 1 (0.74)
-α/αα 1 (0.74)
-α3.7/-α 1 (0.74)
α3.7α/αTα 1 (0.74)
-α4.2/-α4.2 1 (0.74)
Total 136 (100)

a  data are presented as No. (%).
b ?: It is mean the unknown mutation
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Table 2. The Mean of Hematological Indices Among Thalassemia Carriersa, b

Blood indices Type of Mutation

No mutation Alpha Beta Mean Alpha and Beta P - Value

MCV

Female 77.60 ± 6.09 74.75 ± 5.96 62.75 ± 5.33 67.58 ± 4.90 0.001

Male 77.14 ± 6.07 76.11 ± 6.10 64.42±5.99 69.45 ± 7.25 0.001

Total 77.40 ± 6.03 75.41 ± 6.04 63.64 ± 5.72 68.62 ± 6.22 0.001

MCH

Female 24.99 ± 2.38 24.12 ± 2.32 20.01 ± 2.42 22.31 ± 1.71 0.001

Male 24.83 ± 2.37 24.54 ± 2.36 20.56 ± 2.70 22.77 ± 2.34 0.001

Total 24.92 ± 2.36 24.32 ± 2.34 20.30 ± 2.57 22.57 ± 2.04 0.001

RBC

Female 4.77 ± 0.37 5.04 ± 0.14 5.43 ± 0.60 5.22 ± 0.65 0.001

Male 5.65 ± 0.51 5.79 ± 0.47 6.29 ± 0.57 6.19 ± 0.70 0.001

Total 5.14 ± 0.61 5.40 ± 0.57 5.89 ± 0.73 5.76 ± 0.82 0.001

HbA2

Female 2.57 ± 0.37 2.60 ± 0.53 4.97 ± 0.89 5.39 ± 0.93 0.001

Male 2.91 ± 0.96 2.95 ± 1.08 5.23 ± 1.23 4.87 ± 1.30 0.001

Total 2.72 ± 0.711 2.77 ± 0.86 5.11 ± 1.08 5.08 ± 1.1 0.001
a Values are present as Mean ± SD.
b MCV: Mean Corpuscular Volume (fL), MCH: Mean Corpuscular Hemoglobin (pg), RBC: Red Blood Cell (1012/1), HbA2: hemoglobin A2 (%)

The mean of MCH and MCV among beta-thalassemia car-
riers were less than of alpha-thalassemia carriers (mean 
difference: -4.02 and -11.77 respectively, (P = 0.001) and the 
mean of hemoglobin A2 and RBC were more than alpha 
carriers (mean difference: 2.33 and 0.46 respectively, (P = 
0.001). The mean of MCH and MCV were less among peo-
ples of HbA2 and RBC were more than of normal peoples 
[mean difference: 2.36 (P = 0.001) and 0.62, respectively]. 
The mean of MCH, MCV, HbA2 and RBC among alpha-thal-
assemia carriers were not different significantly.

5. Discussion
In this cross sectional study, we assessed 275 suspected 

thalassemia carriers. The most common detected mu-
tations were CD 36 - 37(-T) (40.24%) and -α3.7/αα (52.99%) 
among beta-thalassemia and alpha-thalassemia carriers. 
Also there was a significant difference in hematological 
indices (MCV, MCH, RBC and HbA2) among normal sub-
jects, alpha thalassemia, beta and both alpha and beta-
thalassemia carrier together. Beta-thalassemia carriers in 
comparison to normal people had the less mean of MCH 
and MCV. Also the mean of MCH and MCV among beta-
thalassemia carriers were less than of alpha-thalassemia 
carriers and the mean of hemoglobin A2 and RBC were 
more than alpha carriers.

Unlike the previous studies conducted in the western, 
northern and southern provinces of Iran, where the IV-
SII-1 (G-A) was the common detected mutation [5, 8, 13, 

14], the most common detected mutations in our study 
were CD 36 - 37 (-T) and -α3.7/αα. The mutations reported 
in these studies are associated with diversity of mutation 
types in different geographical regions in Iran. Nonethe-
less it appears IVSII-1 (G-A) mutation is common mutation 
in north and south of Iran.

The mean of MCV was 77.40 in healthy participants, 
75.41 in alpha-thalassemia carriers, and 63.64 in beta-
thalassemia carriers. Also, we found the remarkable sig-
nificant difference in the means of MCV, MCH and HbA2 
among alpha and beta-thalassemia carriers. The mean 
differences of MCV, MCH and HbA2 in alpha-thalassemia 
carriers in comparison with normal peoples were not sig-
nificant. This issue is related to the importance of genetic 
tests to detect the types of alpha-thalassemia mutations.

In a study that conducted by Behfar et al. [15] the means 
of MCV, MCH and HbA2 were reported 64.18 ± 4.67, 21.10 ± 
2.09 and 5.10 ± 0.96, respectively. The results of this study 
are approximately similar with our results. The slight dif-
ference between two studies may be due to the lower 
sample size in our study (275 subjects) in comparison 1.206 
subjects in Behfar’s study. After two-by-two tests of mean 
difference, the means of MCV and MCH among beta-thalas-
semia carriers were significantly lower than healthy peo-
ple and alpha-thalassemia carriers. This study had some 
limitations. We had missing data in other hematological 
indices including hemoglobin F, hemoglobin A1 and he-
moglobin B. Therefore we could not assess the association 
between these indices and the types of thalassemia muta-
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tions. Our study was conducted in southwest of Khuzestan 
province and the finding may not be generalized to oth-
er regions and nations. Therefore more similar studies 
should be conducted among diverse nations and regions 
in Iran population to arrive at a general consensus. MCV 
and MCH are considered as two main predictive indices of 
minor beta thalassemia carriers in comprehensive screen-
ing program in Iran. Couples are suspected to carrier of 
beta thalassemia provided that MCV < 80 fL and MCV < 27 
pg, considering our finding couples are classified as beta 
thalassemia carries with MCV < 69 and MCH < 23 after iron 
therapy and as alpha carriers thalassemia with MCV = 74 
- 77 and MCH = 24 - 25. Our study was conducted on Arab 
nations in south of Khuzestan province and the finding 
may not be generalized to other regions and nations. We 
suggest more similar studies should be conducted among 
diverse nations and regions in Iran population to arrive at 
a general consensus.
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