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Abstract
Objective: To compare the distribution of “mean corpuscular hemoglobin”-MCV, “mean corpuscular volume”-MCH, “hemoglobin”-HGB, “hemoglobin A”-HbA and “hemoglobin A2”-HbA2 in α and β thalassemia hematology screening between Li and Han nationality, and analyze the best diagnostic cut-off value. Methods: Select 7816 middle school students from Li
nationality area as the research object, collect peripheral blood for blood cell
analysis, hemoglobin electrophoresis and thalassaemia gene detection, and
compare the difference in hematological parameters of common thalassemia
genotype between Li and Han nationalities. Taking the genetic test results as
the gold standard, construct the receiver operator characteristic curve (ROC
curve) of relevant hematology parameters, calculate the Youden index and
take its maximum diagnostic cut-off point as the best critical value. Results:
Comparison of hematological parameters of common thalassemia genotypes
showed that the average value of MCH and MCV of -α3.7/-α4.2 type in Li nationality was lower than that of Han nationality, and the average value of
HbA2 of CD41-42/βN type was higher than that of Han nationality, there was
no significant difference among other genotypes. ROC curve analysis shows
that the MCH, MCV, and HGB values have poor diagnostic efficiency for
thalassaemia, HbA has a slightly better diagnostic efficiency for α thalassaemia, and the optimal cut-off values of HbA for Li and Han nationalities are
96.95% and 97.75%, respectively; HbA2 has better screening efficiency for
β-thalassemia, and the optimal cut-off values of HbA2 for Li and Han nationalities are 4.20% and 3.45% respectively. Conclusion: In the prevention and
control screening of thalassaemia in the Li and Han nationalities, hemoglobin
electrophoresis technology has a better diagnostic efficiency.
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1. Introduction
Thalassemia also called globinogenesis anemia. According to epidemiological
survey data, the carrying rate of α-thalassaemia among the Li ethnic group and
the Han ethnic group is 52.19% and 19.11% respectively, and the carrying rate of
β-thalassaemia among the Li ethnic group and the Han ethnic group is 1.86%
and 1.95% respectively [1]. The current epidemic form of thalassemia in Hainan
is very severe. Although genetic testing technology can achieve accurate detection of thalassaemia, due to practical problems such as manpower, material resources, medical and health conditions, and ethnic regional differences, largescale genetic testing for thalassaemia is temporarily impossible in Hainan. Hematology screening is performed first, and if the initial screening result is positive, then the thalassaemia gene test is carried out. This is a screening mode generally adopted by relevant government departments, research teams and primary
medical institutions for the prevention and control of thalassaemia. The hematology screening index for thalassaemia in Hainan has not yet been established.
Generally, the index commonly used internationally or used in Guangdong and
Guangxi is used as a reference. However, the parameter values of hematology
screening will be affected by factors such as different regions, different nationalities, and differences in testing instruments. Combining the previous research
foundation and new survey data, this study intends to compare the results of
blood cell analysis, hemoglobin electrophoresis and thalassaemia gene detection
between Li and Han people. Count the distribution ranges of MCV, MCH, HGB,
HbA, HbA2 values in common α and β thalassaemia genotypes, and use the results of genetic testing as the gold standard to analyze the best cut-off values.
This study collected thalassaemia detection data in most Li nationality areas in
Hainan, covering a wide range and reliable data sources. The research results can
provide a more accurate reference for Li and Han thalassaemia screening. Increase the feasibility of government departments and primary medical institutions to implement thalassemia prevention and control screening.

2. Object and Method
2.1. Object
From June 2015 to June 2018, in Qiongzhong, Baisha, Changjiang, Lingshui,
Wuzhishan, Baoting and other Li ethnic areas, 7816 middle school students (14 18 years old) were randomly selected as the research objects. There are 5259
people of Li nationality and 2557 people of Han nationality. Selection and exclusion criteria: Li nationality candidates are required to have their parents both Li
DOI: 10.4236/ojbd.2021.112006
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nationality, and Han nationality candidates are required that their parents are
Han nationality. If one parent is of another ethnicity, they will be excluded. At
the same time, the study subject has a family history of hemophilia and other
blood-borne diseases cannot join the group. Subjects and guardians obtained 2
mL of peripheral venous blood after informed consent, EDTA anticoagulation,
and stored and transported at 4˚C.

2.2. Method
2.2.1. Blood Cell Analysis
The XE-2100 five-differentiation hematology analyzer produced by Japanese
sysmex company is used for blood cell analysis. All blood samples are required
to be tested within 6 hours.
2.2.2. Capillary Electrophoresis
Hemoglobin electrophoresis analysis is performed with Cappilarys 2 automatic
capillary electrophoresis analyzer produced by Sebia, France. The samples must
be stored at −80˚C and the test should be completed within 2 weeks.
2.2.3. Genetic Testing
Using the Luminex MAGPIX scanner produced by R&D Systems in the United
States and the Thalassemia (α/β) gene detection kit produced by Guangzhou Sun
Yat-sen University Daan Gene Co., Ltd. to detect the three deletion types related
to α-thalassemia (-SEA, -α3.7 and -α4.2) and 3 mutants (WS122, QS125 and
CS142) and 17 mutants related to β-thalassaemia (IVS-1-5, -29, CD31, Cap,
IVS-2-654, CD26, -32, CD71-72, IVS-1-1, CD41-42, CD17, -28, CD43, Int,
CD14-15, CD27-28, -30).
2.2.4. Statistical Analysis
Using SPSS19.0 statistical software, the statistical methods were x2 test and t test
for comparison of differences between groups, and P < 0.05 was considered statistically significant. Using genetic testing as the gold standard, compare the hematological parameters related to α and β thalassaemia of Li and Han nationalities with their normal control group respectively. Draw the ROC curve, calculate
the Youden index (Yorden index = sensitivity + specificity − 1), and use the
maximum diagnostic cut-off point of the Youden index as the best cut-off value.

3. Result
3.1. Genotype Distribution
As shown in Table 1, the α-thalassaemia genotype carrying rate of the Li ethnic
group was 60.83% (3199/5259), and 17 α-thalassaemia genotypes were detected.
Among them, the genotypes with a higher carrying rate were -α3.7/αα (15.59%),
-α4.2/αα (14.34%), -αWS/αα (8.10%), -α3.7/-α4.2 (6.39%), -α3.7/-α3.7 (4.05%),
-α4.2/-αWS (3.08%), -α3.7/-αWS (3.02%), SEA/αα (1.54%). In contrast, the
α-thalassaemia carrying rate of the Han ethnic group was 23.90% (611/2557),
and 14 α-thalassaemia genotypes were detected, among which the genotype with
DOI: 10.4236/ojbd.2021.112006
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Table 1. Distribution of α and β thalassaemia genotypes.
Li (5259)

Genotype

α-thalassaemia

Total (7816)

n

frequency (%)

n

frequency (%)

n

frequency (%)

-α4.2/αα

754

14.34

178

6.96

932

11.92

-α3.7/αα

820

15.59

184

7.20

1004

12.85

SEA/αα

81

1.54

119

4.65

200

2.56

-αWS/αα

426

8.10

79

3.09

505

6.46

-αQS/αα

70

1.33

8

0.31

78

1.00

-αCS/αα

3

0.06

7

0.27

10

0.13

-α3.7/-α4.2

336

6.39

8

0.31

344

4.40

-α3.7/SEA

17

0.32

2

0.08

19

0.24

-α3.7/-αWS

159

3.02

3

0.12

162

2.07

-α3.7/-α3.7

213

4.05

7

0.27

220

2.81

-α3.7/-αQS

29

0.55

0

0

29

0.37

-α4.2/-α4.2

73

1.39

2

0.08

75

0.96

-α4.2/SEA

7

0.13

6

0.23

13

0.17

-α4.2/-αWS

162

3.08

3

0.12

165

2.11

-α4.2/-αQS

20

0.38

0

0

20

0.26

-αWS/SEA

12

0.23

5

0.20

17

0.22

-αWS/-αQS

17

0.32

0

0

17

0.22

Total

3199

60.83

611

23.90

3810

48.75

2

0.04

5

0.20

7

0.09

3

0.06

4

0.16

7

0.09

0

0

2

0.08

2

0.03

CD41-42/β

110

2.09

34

1.33

144

1.84

CD71-72/β

0

0

8

0.31

8

0.10

IVS-2-654/βN

3

0.06

9

0.35

12

0.15

Total

118

2.24

62

2.42

180

2.30

-28/β

N

CD17/β

N

β-thalassaemia

Han (2557)

CD26/β

N
N
N

the higher carrying rate was -α3.7/αα (7.20%), -Α4.2/αα (6.96%), SEA/αα
(4.65%), -αWS/αα (3.09%), -αQS/αα (0.31%), -α3.7/-α4.2 (0.31%), -αCS/αα
(0.27%), -α3.7/-α3.7 (0.27%). In the distribution of β-thalassaemia genotypes, 4
β-thalassaemia genotypes were detected in the Li nationality, and the carrying
rate was 2.24% (118/5259). Six β-thalassemia genotypes were detected in the
Han nationality, with a carrier rate of 2.42% (62/2557). Among them, the Li nationality and Han nationality have the highest CD41-42/βN carrier rate, which
are 2.09% and 1.33%, respectively.

3.2. Distribution and Comparison of Hematological Parameters
Related to Common α and β Thalassaemia Genotypes
The distribution of hematology screening results (mean ± standard deviation) is
DOI: 10.4236/ojbd.2021.112006
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shown in Table 2 and Table 3. Statistics of related parameters of blood cell
analysis showed that the average values of MCH, MCV, and HGB carrying
CD41-42/βN in Li and Han nationalities were lower than other common α-thalassemia genotypes. In the Li, the average values of MCH, MCV and HGB of
single mutation (-αWS/αα), single deletion (-α4.2/αα, -α3.7/αα) and single deletion combined with single mutation (-α3.7/-αWS, -α4.2/-αWS) are higher than
double deletion (-α3.7/-α3.7, -α3.7/-α4.2, SEA/αα). In the Han, the average values of MCH, MCV and HGB of single mutant (-αWS/αα, -αQS/αα, -αCS/αα)
and single deletion (-α4.2/αα, -α3.7/αα) are also higher than those of double deletion (-α3.7/-α3.7, -α3.7/-α4.2, SEA/αα). This means that the MCH, MCV, and
HGB values of the Li and Han nationalities in α-thalassaemia showed a downward trend as the degree of gene deletion increased (P < 0.05). Statistics of hemoglobin electrophoresis related parameters showed that the average HbA2 of
Table 2. The distribution of hematological parameter values of the common thalassemia
genotypes in the Li nationality (mean ± standard deviation).
Genotype

MCH (pg)

MCV (fL)

HGB (g/L)

HbA (%)

HbA2 (%)

-αWS/αα

26.78 ± 3.06

82.41 ± 5.74

136.49 ± 13.31

96.57 ± 1.41

2.40 ± 0.40

-α4.2/αα

25.88 ± 2.45

80.79 ± 5.86

133.80 ± 14.63

96.90 ± 1.47

2.36 ± 0.37

-α3.7/αα

26.12 ± 2.12

81.45 ± 5.13

133.85 ± 13.30

96.91 ± 1.35

2.26 ± 0.35

-α3.7/-αWS

25.01 ± 2.19

78.35 ± 5.75

132.97 ± 13.11

96.68 ± 1.33

2.46 ± 0.58

-α4.2/-αWS

24.79 ± 2.04

77.94 ± 5.39

131.93 ± 14.66

96.74 ± 1.35

2.37 ± 0.37

-α3.7/-α3.7

22.56 ± 1.84

71.36 ± 4.20

127.10 ± 12.10

97.15 ± 1.25

2.15 ± 0.25

-α3.7/-α4.2

22.62 ± 2.17

72.06 ± 5.26

129.43 ± 12.48

97.07 ± 1.45

2.18 ± 0.40

SEA/αα

21.50 ± 2.44

69.32 ± 6.67

124.30 ± 11.68

96.71 ± 1.99

2.04 ± 0.30

25.32 ± 3.52

79.03 ± 8.83

132.11 ± 20.47

96.51 ± 2.08

2.54 ± 0.92

19.69 ± 2.07

63.25 ± 5.05

117.08 ± 14.45

93.88 ± 1.45

5.11 ± 0.55

Normal
CD41-42/β

N

Table 3. Distribution of hematological parameter values of common thalassaemia genotypes in the Han nationality (mean ± standard deviation).
Genotype

MCH (pg)

MCV (fL)

HGB (g/L)

HbA (%)

HbA2 (%)

-αWS/αα

26.79 ± 1.88

84.42 ± 4.46

135.40 ± 12.57

96.63 ± 1.58

2.32 ± 0.32

-αQS/αα

27.11 ± 2.65

83.87 ± 8.13

134.78 ± 10.39

96.91 ± 1.69

2.44 ± 0.96

-αCS/αα

26.85 ± 1.89

81.28 ± 3.50

135.33 ± 13.24

97.04 ± 0.86

2.38 ± 0.20

-α4.2/αα

26.33 ± 1.97

81.83 ± 5.05

133.96 ± 16.83

97.00 ± 2.38

2.31 ± 0.32

-α3.7/αα

26.66 ± 2.16

82.66 ± 5.48

134.66 ± 13.97

96.83 ± 2.10

2.25 ± 0.33

-α3.7/-α3.7

24.21 ± 3.50

75.80 ± 6.16

130.10 ± 8.31

97.53 ± 0.61

2.20 ± 0.26

-α3.7/-α4.2

24.66 ± 4.30

76.27 ± 10.24

125.50 ± 11.66

96.06 ± 2.39

2.15 ± 0.24

SEA/αα

21.83 ± 2.85

68.98 ± 7.07

124.61 ± 12.55

96.92 ± 3.31

2.06 ± 0.25

27.98 ± 10.27

85.00 ± 8.15

136.90 ± 16.99

96.69 ± 2.55

2.48 ± 0.61

19.74 ± 2.42

63.61 ± 6.58

121.09 ± 17.12

93.98 ± 1.73

4.92 ± 0.79

Normal
CD41-42/β

N
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CD41-42/βN in Li and Han nationalities was significantly higher than other
common α-thalassemia genotypes, while the HbA value was significantly lower
than α-thalassemia (P < 0.05). Statistics of hemoglobin electrophoresis related
parameters showed that the average HbA2 of CD41-42/βN in Li and Han nationalities was significantly higher than other common α-thalassemia genotypes,
while the HbA value was significantly lower than α-thalassemia (P < 0.05). In
α-thalassaemia, there was no significant difference in the average HbA between
the Li and Han genotypes (P > 0.05), while the double deletion type (-α3.7/-α3.7,
-α3.7/-α4. 2. The average HbA2 of SEA/αα) was lower than that of other genotypes (P < 0.05).
The comparison of the same thalassaemia genotypes of different ethnic groups
showed that the mean values of MCH and MCV of the α3.7/-α4.2 genotype of
the Li nationality were lower than those of the Han nationality (P < 0.05), and
there was no significant difference among other genotypes (Figure 1(A) and
Figure 1(B)). For HGB and HbA, there was no significant difference between
the genotypes of Li and Han nationalities (Figure 1(C) and Figure 1(D), P >
0.05). Another important result is that the average HbA2 of CD41-42/βN genotype of Li nationality is higher than that of Han nationality (P < 0.05), and there
is no significant difference among other genotypes (Figure 1(E)).

3.3. Analysis of Critical Value of Relevant Parameters in
Hematology Screening
Use SPSS software to draw the ROC curve of MCH, MCV, HGB, HbA and
HbA2 for screening α and β thalassaemia, calculate the Youden index and conduct critical value analysis. In a-thalassaemia screening, the Li nationality has the
highest screening value for HbA, the area under the curve (AUC) is 0.574,
maximum Youden index is 0.139, optimal threshold for HbA is 96.95%, sensitivity and specificity are 0.653 and 0.486 respectively (Figure 2(A)). For the Han
nationality, the highest screening value is HbA, with an AUC of 0.543 and a
maximum Youden index of 0.090, corresponding to the best cut-off value of
HbA of 97.75%, with sensitivity and specificity of 0.306 and 0.784, respectively
(Figure 2(C)). In β-thalassaemia screening, the Li nationality has the highest
screening value for HbA2, AUC is 0.975, and the maximum Youden index is
0.943, corresponding to the optimal cutoff value of HbA2 at 4.20%, and the sensitivity and specificity are 0.953 and 0.990, respectively (Figure 2(B)); Similarly,
the Han nationality has the highest screening value for HbA2, with an AUC of
0.974 and a maximum Youden index of 0.936, corresponding to the optimal cutoff value of HbA2 of 3.45%, with sensitivity and specificity of 0.938 and 0.998
respectively (Figure 2(D)).

4. Discussion
Blood cell analysis and hemoglobin electrophoresis have always been common
methods for screening for thalassaemia. According to the detection values of
DOI: 10.4236/ojbd.2021.112006
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Figure 1. Comparison of hematology parameters between Li nationality (Li) and Han nationality (Han) (mean ± standard deviation).

MCV, MCH, HGB in blood cell analysis or HbA, HbA2 in hemoglobin electrophoresis, the preliminary screening of thalassaemia is carried out [2] [3] [4] [5].
Commonly used indicators are suspected carriers of thalassaemia with MCV <
82fl or MCH < 27pg, or HbA: 96.5% - 97.5%, HbA2: 2.4% - 3.0%, HbF: 0% 1.0% to exclude thalassaemia carriers. Although it can increase the detection rate
of thalassaemia to a certain extent, its sensitivity and specificity often vary depending on the region and the tested nationality [6]. Foreign researchers suggest
that multiple hematological parameters should be combined for testing in thalassaemia screening to improve accuracy and reduce misdiagnosis [7] [8]. In the
previous work, we used the above indicators to evaluate the role of blood cell
DOI: 10.4236/ojbd.2021.112006
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Figure 2. ROC curve of hematological parameter values for thalassaemia screening in Li and Han nationalitie.

analysis and hemoglobin electrophoresis in the screening of thalassaemia in the
Li nationality. The results showed that the sensitivity of Li and Han blood cell
analysis to diagnose thalassaemia was 76.59% and 70.19%, and the specificity
was 74.54% and 71.82%, respectively; The sensitivity of hemoglobin electrophoresis to diagnose thalassaemia was 79.05% and 93.27%, and the specificity was
63.31% and 54.01%, respectively; The sensitivity of the combined detection and
diagnosis of thalassaemia by the two methods was 99.41% and 98.40%, and the
specificity was 46.75% and 34.32%, respectively [9].
The reference values of hematology screening obtained by different clinical
laboratories and research teams are different. For example, Lin Jinduan et al.
[10] analyzed the thalassaemia of early-pregnant women in Guangdong and
found that the best cutoff values for MCV and MCH for thalassaemia were 79.7
fL and 26.7 pg, respectively. He Tianwen et al. [11] analyzed and found that the
optimal cut-off values for HbA2 value to screen stationary, mild, intermediate

α-thalassaemia and mild β-thalassaemia were 2.85%, 2.65% and 2.25%, and 3.
45%, respectively. This study carried out thalassaemia genetic testing on the Li
and Han nationalities in Hainan and found that the carrying rates of α-thalassaemia and β-thalassaemia were 60.83% and 2.24% for the Li nationality in HaiDOI: 10.4236/ojbd.2021.112006
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nan, and 23.90% and 2.42% for the Han nationality. The results show that the
prevalence of thalassaemia in the two ethnic groups is dominated by α-thalassaemia, and the carrying rate of α-thalassaemia and β-thalassaemia is quite different. In α-thalassaemia, the average values of MCH, MCV, and HGB of related
genotypes of Li (-αWS/αα, -α4.2/αα, -α3.7/αα, -α3.7/-αWS, -α4.2/-αWS) and Han
(-αWS/αα, -αQS/αα, -αCS/αα, -α4.2/αα, -α3.7/αα) nationalities were compared
with their respective normal groups, the results showed no significant difference.
Therefore, it is speculated that the diagnostic value of MCH, MCV, and HGB for
thalassaemia may be poor. In β-thalassaemia, there are fewer genotypes detected,
and they are mainly carrying CD41-42/βN. Statistical analysis shows that the average HbA2 is significantly higher than the common genotypes of α-thalassaemia and the normal control group. The value of HbA2 in the Li and Han nationalities may have better diagnostic value for β-thalassemia.
The ROC curve can be used to compare two or more experimental results to
the diagnosis ability of a certain disease. Draw the ROC curve of each experimental result to the same coordinate, calculate the area under the ROC curve
(AUC) of each experimental result. Generally, the larger the AUC, the higher the
diagnostic value. The ROC curve analysis in this study showed that the corresponding AUCs of MCH, MCV, and HGB of Li and Han nationalities were all
less than 0.5, indicating that the values of MCH, MCV, HGB and other parameters in blood cell analysis have poor diagnostic value for thalassaemia screening.
Related research reports such as Xie Yuping [12] and others in the Fujian area
pointed out that MCV < 81.25 fL, MCH < 27.30 pg, HGBmale < 128.5 g/L and
HGBfemale < 123.5 g/L can be used as the best cut-off value for screening α-thalassaemia. The calculated AUC are 0.99, 0.994 and 0.959, respectively, and have
high sensitivity and specificity. After analyzing the mild α-thalassaemia group,
Feng Guiling et al. [13] found that the cut-off values of MCV and MCH were
74.9 fL, 24.65 pg, and AUC were 0.962 and 0.961, respectively. Compared with
the former, the results of this study are quite different, which may be related to
the different choice of subjects and the more patients with anemia in the normal
control group. However, clinical blood cell analysis is not easy to distinguish
between thalassemia patients and other anemia patients.
In the related research on thalassaemia screening by hemoglobin electrophoresis, the domestic Zhang et al. [14] research results in Yunnan area showed that
the optimal threshold for β-thalassemia screening is HbA2 ≥ 4.0%, and HbA2
has a higher effect on β-thalassemia Diagnostic value. In this study, the ROC
curves of HbA for α-thalassaemia screening in Li and Han nationalities both
showed: 0.5 < AUC < 0.6, indicating that although it has a certain value in the
diagnosis of α-thalassaemia, the effect is average. The ROC curve of HbA2 for
β-thalassaemia screening showed that: AUC > 0.95, indicating that it has a better
diagnostic effect on β-thalassaemia. In summary, the best cut-off value in this
study can be obtained: In the screening of α-thalassaemia, the Li nationality has
HbA > 96.95% as the suspected α-thalassaemia carrier, and the Han nationality
DOI: 10.4236/ojbd.2021.112006
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has HbA > 97.75% as the suspected α-thalassaemia carrier. In β-thalassaemia
screening, the Li nationality had HbA2 > 4.20% as suspected β-thalassemia carriers, and the Han nationality had HbA2 > 3.45% as suspected β-thalassemia
carriers.
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