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Background: Carrier screening is the most effective means of controlling the prevalence of
alpha-thalassemia. However, due to the differences in ethnic populations and genotypes, the
distribution of mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and
hemoglobin A, (HbA,) varies in different regions. This study aimed to examine screening
efficiency of these indicators in different genotypes of alpha-thalassemia in Fujian Province,
China.

Methods: The data of 13,294 subjects collected from May 2016 to December 2019 were
reviewed. The participants were categorized as alpha-thalassemia group and negative-for-
alpha-thalassemia group based on the results of the genetic analysis. The distribution of
MCV, MCH, and HbA, in different groups was analysed statistically. And the screening
efficiency of different indicators and schemes was compared in different genotypes. The
positive criteria of MCV < 80fL, MCH < 27pg, and Hb A,< 2.5% were applied.

Results: Among the 13,294 subjects, 2658 were alpha-thalassemia carriers. The genotypes
of =554/ and -’/ are the most prevalent with 63.9% and 21.9% in Fujian Province,
China. There were significant differences in the distribution of the three indicators in
different groups. The detection rate of the three indicators combined screening was 92.6%.
Conclusion: The distribution of the three indicators overlapped partly between alpha-
thalassemia group and negative-for-alpha-thalassemia group. They showed significant differ-
ences in the median comparison of seven common genotypes. Combined screening with
MCYV, MCH and HbA, improved the detection rate of alpha-thalassemia. The results of this
study provide a data basis for clinical laboratories and a reliable reference for clinical
consultation.
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Introduction

Thalassemia is a group of genetic disorders with varied phenotypes caused by
human globin gene synthesis disorders.' It is one of the top five most common
birth defects.” Thalassemia is widespread globally, particularly in Southeast Asian
countries.” > According to the type of defective globin, it can be divided into two
common categories, alpha- and beta-thalassemia.®’ The prevalence of alpha-
thalassemia is 3.17% in Fujian Province, China, which is higher than that of beta-
thalassemia.® Furthermore, alpha-thalassemia can lead to anemia, hemoglobin

9

H (HbH) disease, and hydrops foetalis syndrome.” The disease severity is
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determined by the amount of alpha-chain produced.
Alpha-thalassemia major has imposed an enormous burden
on society and adversely affects the quality of life of the
population.'® However, to date, no ideal treatment is avail-
able for patients with thalassemia major, except bone
marrow transplantation'' and gene therapy.'*"'> The detec-
tion of carriers using screening programs is considered the
most effective way to control symptomatic alpha-
thalassemia.

In general, the clinical criteria for suspected alpha-
thalassemia were determined by hypochromic microcytic
anaemia, including decreased mean corpuscular volume
(MCV) and/or mean corpuscular hemoglobin (MCH)
levels and/or decreased hemoglobin A, (HbA,) levels
method high-
performance liquid chromatography (HPLC) or capillary

measured using a robust such as
electrophoresis (CE).'® However, the distribution and
screening efficiency of these indicators varies in different
regions due to the differences in ethnic populations and
genotypes which is difficult to estimate in practice. In the
present study, we performed a large-scale investigation to
analyse the distribution of these indicators in different
groups. The data were used to evaluate the effectiveness
of different screening schemes and establish reliable asso-
ciations between clinical phenotypes and genotypes for the
clinical diagnosis of alpha-thalassemia.

Methods
Subjects and Hematological Indicator

Detection

The present study was approved by the Protection of
Human Ethics Committee of Fujian Maternity and Child
Health Hospital, Affiliated Hospital of Fujian Medical
University (No. 2016-101). All participants were informed
and signed a written informed consent. All experiments
were performed in accordance with the Declaration of
Helsinki Ethics of
Biological Medical Sciences on Human Studies released
by Ministry of Health, China. In total, 13,294 individuals
tested from May 2016 to
December 2019. Among them, 10,636 participants who

and National Regulations for

were recruited and
tested negative for alpha- and beta-thalassemia genes
were categorized as healthy subjects (2978 men and
7658 women; median age: 29.3 years). The other 2658
participants tested positive for alpha-thalassemia and nega-
tive for beta-thalassemia genes and were designated alpha-

thalassemia carriers (850 men and 1808 women; median

age: 28.7 years). Those who did not undergo further
with beta-
thalassemia and other hemoglobinopathies, or blood trans-

genetic testing, iron-deficiency anemia,
fusion within one year were excluded. The MCV and
MCH were measured using an automated analyser
(XN3000; Sysmex, Japan). The positive criteria of MCV

<80fL and MCH <27pg were applied.

Capillary Electrophoresis

Hemoglobin analysis was performed using an automated
capillary electrophoresis analyser (Capillarys2™; Sebia,
France). It can measure the percentages of HbA,, as well
as any variants, including hemoglobin constant spring
(HbCS), hemoglobin H (HbH), and hemoglobin Barts
(Hb Barts). The positive criteria of Hb A,<2.5% was
applied.

Common Genotype Test

DNA was extracted using the DNA Blood Extraction Kit
(Yaneng Biosciences, Shenzhen, China). The deletions
(5E4/, -a*?/, and -o’7/) and the mutations (0a*a/, oo/,
and o™*0/) of alpha-thalassemia, and seventeen mutations
of beta-thalassemia commonly found in Chinese popula-
tions were analyzed by PCR reverse dot blot assay using
commercial kits (Yaneng Biosciences, Shenzhen, China)

: 1
as described.!”

_THAI

_THAI

and HKao Genotype Test
genotype was tested using gap polymerase chain
reaction (gap-PCR), and HKoa genotype was tested by

single PCR and nested PCR, as described previously.'®!?

Statistical Analysis
The data were analysed using the Statistical Package for the
Social Sciences (SPSS) version 24 (IBM Inc., Chicago,
USA). Histograms were created demonstrating the distribu-
tions of MCV, MCH and HbA, in the subjects. Continuous
data were checked for normality using the Kolmogorov—
Smirnov test. Mann—Whitney U-test was used to compare
these non-parametric variables between alpha-thalassemia
group and negative-for-alpha-thalassemia group. The
Kruskal-Wallis test was used to compare the three indicators
among the seven common genetic mutation groups. The
results with P < 0.05 were considered statistically signifi-
cant. The screening efficiency of different indicators and
schemes was compared in different genotypes and the deci-
sion criteria of MCV/MCH primary screening was positive
item or both of MCV and MCH,

for one and
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MCV/MCH/HbA, primary screening was positive for one
item or more of MCV, MCH and HbA,.

Results

The participants investigated in this study comprised
13,294 individuals (3828 men and 9466 women; median
age: 29.1 years). They were grouped according to the
genetic test results: 10,636 participants were categorized
as negative-for-alpha-thalassemia group, whereas 2658
participants were designated alpha-thalassemia group.
The different genotypes were identified and are listed in
Table 1. The genotypes of —>**/ao and -a*"/ao were the
most frequent with 63.9% and 21.9% prevalence.

In the alpha-thalassemia group, 2096 of 2658 (78.86%)
subjects had MCV < 80 fL, 2281 of 2658 (85.82%) sub-
jects had MCH < 27 pg, and 1778 of 2658 (66.89%)
subjects had HbA,< 2.5%. But 21.14% of subjects had
MCYV, 14.18% had MCH and 33.11% had HbA, higher
than these cut-off values. At the same time, in the nega-
tive-for-alpha-thalassemia group, 2006 of 10,636 (18.86%)
subjects in MCV, 1900 of 10,636 (17.86%) subjects in
MCH and 2345 of 10,636 (22.05%) subjects in HbA,
were abnormal. A partial overlap was observed between
the groups. The distributions of MCV, MCH and HbA,

Table | Genotypes Identified Among Alpha-Thalassemia
Carriers

Genotype Subjects (n) Frequency (%)
a0, 1699 63.9
-0 /oo 582 21.9
-0*?/ao 152 5.7
oaa/ao 67 2.5
o “a/aa 51 1.9
—THA 40, 34 1.3
o a/oa 32 1.2
SEAL 37 16 0.6
SEAL o2 7 0.3
-037)-037 4 0.2
-0>710%a 4 0.2
SEAGYsq, 2 0.08
-037)-0*? 2 0.08
-o*?/-0*? I 0.04
-037 /o Vo I 0.04
—EAq “a I 0.04
—EAHK aa I 0.04
-0*7la “a I 0.04
oLa/aBa I 0.04
Total 2658 100

Abbreviations: SEA, Southeast Asian deletion; HK, HongKong deletion; THAI,
Thailand deletion; CS, Hb Constant Spring; QS, Hb Quong Sze; WS, Hb Westmead.

values in the alpha-thalassemia and negative-for-alpha-
thalassemia groups are depicted in Figure 1. The distribu-
tions of the three indicators in the two groups were not
normal. The three indicators were significantly lower in
the alpha-thalassemia group than in the negative-for-alpha-
thalassemia group (P < 0.05).

The distribution of MCV, MCH and HbA, in the seven
most common genotypes (including the genotypes of —554/
a0, -0 /aa, -a**ao, oBSo/aa, aSa/an, — Ao, o Yo/
aa) was not normal (P < 0.05). There was a significant
difference in the three indicators among these genotypes
(p < 0.05). The different genotypes shown in Table 2 are
represented by the letters a~g. In the comparison of MCV,
there were significant differences between group a and b/c/
d/e/g, group d and b/c, group f and b/c/d/e/g. In MCH,
there were significant differences between group a and b/c/
d/e/g, group d and b/c/g, group f and b/c/d/e/g. In HbA,,
there were significant differences between group a and b/c/
d/e, group e and b/c/d, group f and b/d/e, group g and a/b/
c/e/f. The median of MCV and MCH in the genotype
of —™MAga and —SE*/aa were the lowest and HbA, in
the genotype of a*a/aa was the lowest.

The detection rate of different screening schemes in
different genotypes varied with the alpha-thalassemia gen-
otype (Table 3). The total detection rates of MCV/MCH,
HbA, and MCV/MCH/HbA, were 88.0%, 66.9% and
92.6%, respectively.

Discussion
Thalassemia is mainly distributed on the Mediterranean
coast, the Middle East and Southeast Asian countries.?’ 2>
In China, the most frequent provinces are Guangxi,
Guangdong, Yunnan and Hainan.”*** Since 2015, Fujian
has become a pilot province of the National Health and
Family Planning Commission to prevent and control thalas-
semia. An epidemiological survey showed that the carrying
rate was 4.41% in Fujian Province.®

In this study, —>**/aa was the most common genotype
of alpha-thalassemia, followed by -a’”/aa. It illustrated
that the two genotypes, accounting for 85.8% of alpha-
thalassemia, had the highest carrying rate in Fujian
Province, China. This result was consistent with that for
the genotype of the Yulin area in China® and Lao Loum
Group in the Lao People’s Democratic Republic.*’

Carrier screening is crucial because the confirmatory
genotype test is not available for all subjects in many
regions. Presently,

large-scale screening of alpha-

thalassemia still relies on blood cell parameters and
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Figure | Histogram showing number of alpha-thalassemia carriers and negative-for
-alpha-thalassemia participants with MCV, MCH and HbA,. Dash lines indicate the
cutoff MCV of 80fL, MCH of 27pg and HbA, of 2.5% used for screening of alpha-
thalassemia. The proportions of cases found at below and above these cutoff levels
are provided.

hemoglobin component analysis. In clinical practice, the
criteria of MCV < 80 fL, MCH < 27 pg, and HbA, <
2.5% was used basing on the requirements of technical
service specifications for thalassaemia prevention and
control pilot projects issued by the General Office of
the National Health and Family Planning Commission
of China. In the study, we identified 2658 alpha-
thalassemia carriers and 10,636 negative-for-alpha-
thalassemia participants, and the sensitivity and specifi-
city of MCV, MCH and HbA, were 78.86%/81.14%,
85.82%/82.14% and 66.89%/77.95%, respectively. The
screening efficiency of HbA, in alpha-thalassemia was
relatively low. Furthermore, some other diseases, such as
malaria, lead poisoning, iron-deficiency anemia and bone
marrow proliferative diseases, affected to the accuracy of
HbA,.?® On the contrary, the Youden index (85.82%
+82.14% —1) of MCH was the highest among the three
indicators. And MCH is considerably more stable than
MCV during the storage of blood specimens®’ and less
influenced by age.'® Thus, it is the best parameter of the
three indicators for screening alpha-thalassemia.
However, partial overlap in the distribution of the three
indicators existed between the alpha-thalassemia group
and negative-for-alpha-thalassemia group (Figure 1).
Screening with a single indicator can lead to a false
diagnosis.

In this study, we compared the three hematological indi-
cators of the seven most common genotypes listed in Table 2.
The highest and lowest MCV mean values were analysed
among -o*?/ao. and —""oa carriers, respectively (ranging
from 81.30 to 67.10 fL). The highest and lowest MCH mean
values were analysed among oa™*o/aa and —>**/ao carriers,
respectively (ranging from 27.30 to 21.40 pg/cell). The high-
est and lowest HbA, mean values were analysed among
aa/ao and a®o/oa (ranging from 2.70 to 2.20% of the
total Hb). These data were helpful for clinical laboratories
and contribute to the revision of clinical testing guides in the
region. Additionally, valuable clues are provided for physi-
cians in clinical diagnosis and consultations. The significant
reductions of MCV and MCH associated with the genotypes
of —S¥/aa and —""M/aa suggested that the effect was related
to the size of the deletion fragment. But it needed to be
confirmed by further research. Among three-point mutations
of alpha-thalassemia, the a®a/aa genotype was associated
with lower MCV and MCH, but the a“5o/aa genotype caused
lower HbA,.
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Table 2 Hematological Values for Each Genotype and the Difference Between Groups

Indices/Mutation S0 (@) | -a>7laa (b) | -a*%oo (c) | a%Folaa (d) | oalac (e) | -"Aaa () | a*alao (g) | p

Unit/(Number) (1699) (582) (152) (67) ) (34) (32)

MCV fL 68.40 81.15 81.30 75.00 81.20 67.10 80.80 <0.05
(66.00,70.90) | (78.70,84.30) | (78.90,84.00) | (72.50,79.00) | (78.40,83.30) | (61.90,68.70) | (79.10,82.10)

MCH pg 21.40 26.75 26.70 24.20 26.60 21.45 27.30 <0.05
(20.80,22.10) | (26.00,27.70) | (26.00,27.80) | (23.40,24.90) | (25.90,27.40) | (20.80,21.90) | (26.65,28.60)

HbA,% 2.30 2.50 2.50 2.60 2.20 2.40 2.70 <0.05
(2202.40) | (240270) | (2352.65) | (2402.70) | (2102.30) | (2.30,2.50) | (2.552.90)

Notes: The distribution of indicators is described in the way of median (quartile). The total number of studied individuals is indicated in parenthesis under mutations’ names.
The parameters were compared between groups using the Kruskal-Wallis test.

In clinical practice, MCV and MCH are tested simulta-
neously. The detection rate in our study reached 88.0%

alpha-thalassemia using hematological parameters and
hemoglobin analysis in the prevalent region is recom-
when the two indicators were combined for screening. But  mended. However, it is worth noting that the possibility
the detection rate of all three indicators combined screen-  of alpha-thalassemia could not be ruled out completely and

ing was 100% in 14 of the 19 genotypes and the total
positive rate reached 92.6% (Table 3). Capillary electro-

genetic analysis and sequencing should also be performed
when necessary, even if the three indicators were normal.
phoresis also analyse abnormal hemoglobin in addition to Although genotype tests can diagnose most common
detect HbA,. In our study, two cases of oa/ao with alpha-thalassaemia, rare deletions or point mutations may
normal HbA, were diagnosed because of their zone(c)
the

thalassemia. Therefore, the simultaneous screening of

still be missed. However, patients with large-fragment dele-

peaks in electrophoretogram indicating alpha- tions generally have clinical manifestations, and combined

screening of several indicators tends to be positive. We

Table 3 Detection Rates of the Different Screening Schemes

Genotype Detection Rate

(MCVIMCH) (HbA,) (MCV/MCH/HbA,)
Sq0 99.2 (1685/1699) 81.9 (1391/1699) 99.8 (1695/1699)
-a37Jaa 62.5 (364/582) 36.6 (213/582) 76.3 (444/582)
-0/ 63.2 (96/152) 36.8 (56/152) 743 (113/152)
oSa/aa 98.5 (66/67) 26.9 (18/67) 100 (67/67)
o “alao 70.6 (36/51) 90.2 (46/51) 96.1 (49/51)
40 100 (34/34) 61.8 (21/34) 100 (34/34)
o “a/aa 50.0 (16/32) 9.4 (3/32) 53.1 (17/32)
—SEALL37 100 (16/16) 100 (16/16) 100 (16/16)
SEALg*2 100 (7/7) 85.7 (6/7) 100 (7/7)
037137 100 (4/4) 0 (0/4) 100 (4/4)
-o>710%a 100 (4/4) 50 (2/4) 100 (4/4)
S e 100 (2/2) 100 (2/2) 100 (2/2)
-037)-a*? 100 (2/2) 50 (1/2) 100 (2/2)
-o*Y-q*? 100 (1/1) 0 (0/1) 100 (1/1)
-0l *a 100 (1/1) 0 (0/1) 100 (1/1)
A <, 100 (1/1) 100 (1/1) 100 (1/1)
—SEA/HK ot 100 (I/1) 100 (1/1) 100 (1/1)
-7 la “a 100 (1/1) 100 (1/1) 100 (1/1)
0 S0/0Sa 100 (1/1) 0 (0/1) 100 (1/1)
Total 88.0 (2338/2658) 66.9 (1778/2658) 92.6 (2460/2658)

Note: Detection rates represent the proportion of positive cases by the three screening schemes in each genotype of the alpha-thalassemia group, respectively.
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identified one novel mutation of alpha-thalassaemia in this
study. The patient presented decreased MCV, MCH and
HbA, levels, and second-generation sequencing was per-
formed because of the negative results of the conventional
genotype test. It revealed a mutation in codons 90-93 (=8 bp)
(-AGCTTCGG) which was first found in Fujian Province,
China. Furthermore, 67 cases of hemoglobinopathy, such as
Hb Q-Thailand, Hb New York, Hb J-Bangkok, Hb
G-Coushatta, Hb G-Honolulu, Hb Dunn and Hb J-Wenchang-
Wuming, were confirmed by DNA sequencing and/or second-
generation sequencing after capillary electrophoresis indicat-
ing abnormal hemoglobin but the negative results of the
genotype test in our study. Several pathological variants may
cause moderate or severe anemia if associated with thalasse-
mia. Therefore, combined screening including hematological
indices and capillary electrophoresis should not be ignored.
The main limitation of this study was the bias caused by
incomplete data from retrospective analysis. Some partici-
pants with normal result of initial screening test did not
undergo further molecular diagnosis and were excluded
from the study. This limitation indicates that the prevalence
found in our study may not represent the true situation of our
region. However, almost all participants suspected of having
alpha-thalassemia were subjected to genetic analysis, so the
proportion of each genotype could basically represent the
distribution in the local population. Furthermore, our results
could reflect the reality of the three indicators in practice
since the data were derived from routine standard practice.

Conclusion

In summary, our results indicated that the different genotypes
causing alpha-thalassemia affected the MCV, MCH and
HDA, to varying degrees. These findings may help clinicians
relate phenotypes to genotypes for better genetic counselling.
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