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Hemoglobinopathies are common inherited diseases in southern China. The aim of the present study is to
analyze the hematologic and molecular features of hemoglobinopathies in Shanghai, in order to provide
a reference data for screening hemoglobinopathies. A total of 1029 samples were studied using High
Performance Liquid Chromatography (HPLC) on the Bio-Rad Variant I HPLC system. GAP-PCR and reverse
dot blot (RDB) were used to detect globin gene mutation or deletion. DNA sequencings for Alpha Globin
gene (HBA1/A2) and Beta Globin gene (HBB) were simultaneously performed. We found that among 1029
samples, beta-thalassemia was the predominant type of hemoglobinopathy (39.16%). Six (0.58%) cases
of beta-thalassemia major and 397 (38.58%) cases of beta-thalassemia carriers were identified. Among
those beta-thalassemia samples, a total of 19 mutations were found, among which the B%*/BN mutation
(168/1029,16.33%) was the main type, followed by the B**/BN mutation (118/1029,11.47%). There
were 136 (13.22%) cases of alpha-thalassemia (silent carrier & minor) and 39 (3.79%) cases of HbH
disease. A total of 10 gene mutations were found in the alpha-thalassemia samples, among which the main
genotype of deletion a-thalassemia was --SEA /aa(119/1029,11.56%), while non-deletion a-thalassemia
was uncommon in our report(2/1129,0.19%) both of which was a"Sa/aa. The main genotype of HbH was
--SEA /-a37 (28/1029, 2.72%). In 13 (1.26%) cases of af- thalassemia, with a total of 9 genotypes were
found, among which the more common genotypes were -a®7/ 394, --SEA/$*-*? and --SEA/B"". The ten main
structural hemoglobin variants of 14 (1.36%) cases were Hb E, HbG-Taipei, Hb Q-Thailand, Hb Youngstown,
Hb Guangzhou-Hangzhou, Hb M-Boston, Hb G-Siriraj, Hb ]-Baltimore, Hb J-Sicilia and Hb Tamano. In
addition, a single synonymous mutation (HBB c.9T>C, His>His) was found in 2 cases. Our results provide a
detailed prevalence, hematologic and molecular characterization of hemoglobinopathies in Shanghai. We
hope these findings will help to increase the awareness of this disease and provide useful epidemiological
information for screening.
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Introduction

the hemoglobin molecule, usually in a or 3 globin chain. The substi-
tution of amino acids in most of the Hb variants so far doesn’t result

Hemoglobinopathy is a type of genetic defect that results in ab-
normal structure or amount in one of the globin chains of the hemo-
globin molecule, including thalassemias and structural hemoglobin
variants (abnormal hemoglobins). The thalassemias are an autoso-
mal recessively inherited group of disorders of hemoglobin synthesis
characterized by the absence or reduction in output of one or more of
the globin chains of hemoglobin. The structural variants result from
substitution of one or more amino acids in any of the globin chains of

in an abnormal stability and dysfunction of the hemoglobin molecule,
and they are usually clinically silent or nonsignificant. Significant
symptoms such as anemia may exist if it is present along with thalas-
semia or other disorders. The key element in the diagnosis of hemo-
globinopathies is laboratory findings.

More than one thousand hemoglobin variants have been identi-
fied regarding changes in the globin chains [1]. Hemoglobinopathies
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have a wide geographical distribution [2]. In China, obvious ethnic
and regional differences in hemoglobinopathies exist. There is a high
incidence of a- or (-thalassemias in southern China, especially in
Guangdong, Guangxi and Hainan provinces [3]. More than 80 struc-
tural Hb variants have been reported so far, among which Hb E is the
most common one in Yunnan, the province with the highest morbidity
of abnormal hemoglobin. Hb G/ D is more common in northern China
while Hb E /] is more common in southern China [3]. As an interna-
tional metropolitan city, population migration is also more common
in Shanghai, which leads to the migration of diseases. However, there
have been few epidemiological studies of hemoglobinopathies in
Shanghai. We analyzed the Hb variants screened by HPLC, comparing
with their properties in the globin gene detection to investigate the

hematologic and molecular characteristics in local population, and to
provide epidemiological data related to structural Hb variants.

Material and Methods
Subjects

A Total 1029 cases were investigated in our laboratory during the
study period from Nov.2014 to Dec.2018. This population included
patients with clinical suspicion of hemoglobinopathies and those in-
dividuals’ presenting hemolysis who were screened for the presence
of hemoglobinopathies in Ruijin Hospital affiliated to Shanghai Jiao
Tong University School of Medicine. The following combination of
tests were used in hemoglobinopathy screening. (Figure 1).

1029 subjects clinical suspicion of hemoglobinopathies

l

Hematological screening
RBC/Hb/MCV/MCH

!

| 319 subjects: MCv>801 |

HbAZ

|

laa? subjects N ra? StRysce 3

or other windows (+)

!

| 710 subjects: MCV<80 fi

455 subjects 1

"Ur HbF elevated or other windows (+)

a-thalassemia?

I B-thalassemia?ap-thalassemia?Hb variant? I

l thalassemia gene screening GAP-PCR and RDB |

Negative

| DNA sequencing of HBA1/A2 and HBB |

Figure 1: Combination of tests potentially required to evaluate carrier status in screening hemoglobinopathies N: HbA,2.5%~3.5%,:HbA,<2.5%,

1: HbA,>3.5%.

Methods

Hematologic Routine Tests: Complete blood count and red
blood cell indices (Hb, MCV, MCH, MCHC) were measured by the au-
tomated cell analyzer (SYSMEX XE-2100). Wright-stained peripheral
blood smears were examined for red blood cell morphology.

Hemoglobin Analysis: 2ml of whole venous blood were collected
in a vacuum blood collection tube containing EDTA as an anti-coagu-
lent. HbA,, HbF, and other hemoglobin variants were analyzed using

HPLC method used for chromatographic separation of human hemo-
globin on the Variant Hemoglobin Testing System (Variant II Beta
Thalassemia Short Program, Bio-Rad Laboratories). No preparation
was required unless the sample was collected from severe anemic
patients or there was less than 500 uL of sample in the tube. In such
case, sample was manually prediluted by mixing 1.0mL wash/dilu-
ents with 5 uL of whole blood sample. HbA, /F calibrators and normal
and abnormal controls were analyzed at the beginning of each run.
Reports and chromatograms generated were studied and interpret-
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ed by observing HbA, and F concentration for beta thalassemia and
retention time and area percentage of other peaks and windows for
structural variants. Each chromatogram shows peaks of HbAO, A2,
and HbF along with C, D and S window, and two minor peaks, P2 and
P3.

Globin Gene Analysis: Molecular analyses for common alpha
deletions and common beta mutations were performed by using
GAP-PCR and reverse dot blot (RDB). Full DNA sequencing of Alpha
Globin (HBA,/A,) and Beta Globin (HBB) genes was simultaneously
performed in individuals with an abnormal HPLC results but a nega-
tive thalassemia gene screening.

Statistical Method

Data entry and analysis were performed using the Statistical
Package for Social Sciences (SPSS21.0). P<0.05 was considered sta-
tistically different.

Table 1: Hematological findings of all groups (Means * SD).

Results
Hematological Findings

Means of RBC Parameters and HbA,: Comparison of all groups
is shown in Table 1. In our studies, 439 subjects had HbA, levels >
3.5%, in which 423 (96.4%) cases were identified as -thalassemia
carriers. af- thalassemia and structural Hb variants by globin gene
analysis (HbA, range 3.6%~72.7%). 40 subjects had an increased area
at retention times of 0.125+0.021min and 0.406+0.091min, among
which 39 (97.5%) subjects were identified to have HbH disease by
globin gene analysis (HbA, range 0%~ 2.1%) (Figure 2). A significant
(p<0.05) difference in HbA, was found in each comparison group,
except for those between the gene negative group and the a- thalas-
semia silent carrier and minor groups(p=0.421>0.05, and between
thef- thalassemia and theaf- thalassemia group (p=0.572>0.05. A
significant (p<0.05) difference of RBC was found in the gene negative
group compared with all other groups. A significant (p<0.05) differ-
ence of MCV was found in the gene negative group compared with
the a-, B-,af- thalassemia or Hb variants groups (Table 1) (Figure 3).

Parameters Gene (-) o« 22::;;521231(3:; nt o« thalgisee:;ie;; U - thalassemia | af- thalassemia Hb variants
HbA,(%) 2.87+0.60 2.68+0.32 1.41%0.56 5.36%0.78 4.98+1.71 10.99+18.92 (1.6~72.7)
RBC(x10/L) 3.96%1.00 5.29+1.04 4.72+0.71 5.05+1.08 5.77+1.25 3.30+1.46
Hb(g/L) 103.16+29.50 113.12+20.63 85.51+8.60 100.87+17.53 117.77+28.70 89.19436.00
MCV(fl) 82.91+12.76 69.61+7.62 63.62+8.68 65.0245.87 65.3249.48 91.67+19.64
MCH(pg) 26.57+5.52 21.63+2.71 18.33+1.85 20.25+1.99 20.52+3.01 30.43+11.51
MCHC(g/L) 317.96+26.21 310.58+11.04 289.62+17.42 311.93+10.91 314.39+11.40 323.75+51.37

- 358

- 489

(S
=

e

Figure 2: Chromatogram of HbH disease.
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1gure 3: RBC morphology of structural hemoglobin variants

Marked anisocytosis, enlarged central pallor with target cells and irregular RBCs.
Anisocytosis, hypochromic, microcytic cells with target cells and polychromasia.
Anisocytosis with elliptocytes and polychromasia.

Anisocytosis with polychromasia.

Anisocytosis with polychromasia.

Mild anisocytosis with polychromasia and normoblasts.

Anisocytosis with hypochromic and RBC fragments.

Mild anisocytosis with macrocytes and polychromasia.

Mild anisocytosis with hypochromic, microcytic cells, elliptocytes and polychromasia.
Anisocytosis with macrocytes, polychromasia and normoblasts.

ST omEONER

RBC Parameters and Morphology of Structural Hemoglobin Variants: Comparison of all hemoglobin variants is shown in Table 2.

Table 2: RBC parameters and morphology features of 16 structural hemoglobin variants or gene mutation.

Hb variants RBC (x10"%/L) | Hb (g/L) | MCV (fl) | MCH (pg) | MCHC (g/L) | Blood smear Clinical diagnosis
Hb E compound p-thalassemia 24 47 783 19.6 250 Figure 3A thalassemia
Hb E compound a-thalassemia 4.93 92 63.3 18.7 295 Figure 3B microcyti;?zﬁ}i);mhromic
Hb Youngstown* 3.44 82 89 23.8 268 Figure 3C anemia
Hb Youngstown*# 2.52 65 94.8 25.8 272 Figure 3D anemia
Hb G-Taipei* 0.83 32 109.6 38.6 352 Figure 3E pancytopenia
Hb G-Taipei 2.59 88 97.7 34.2 350 Figure 3F ALL
Hb Q- Thailand 4.61 124 79.5 26.8 337 Figure 3G hyperbilirubinemia
Hb Q- Thailand 4.86 129 81.5 26.5 326 N hematopathy
Hb Tamano* 4.43 144 97.3 325 334 N CGL
Hb G-Siriraj* 3.83 99 79.3 259 326 N anemia
Hb Guangzhou-Hangzhou* 1.59 73 1214 45.9 378 Figure 3H anemia
Hb J-Baltimore 4.43 71 63 16 254 Figure 31 IDA
Hb J-Sicilia 3.6 109 89.8 30.4 338 N leukopenia & anemia
Hb M-Boston 517 148 86.3 28.7 333 N cyanosis
Single HBB synonymous mu- 3.00 93 97.1 302 311 N anemia
tation
Single HBB synonymous mu- 0.49 31 1412 633 456 Figure 3] ATHA

Note: *compound HBB ¢.9T>C synonymous mutation; #compound HBA2 ¢.382A>T[127Lys> termination codon; ALL: acute lymphocytic leukemia; CGL:
chronic granulocytic leukemia; IDA: iron
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Figure 4: Chromatogram of Hb variants. A2 window: A. Hb E compound {-thalassemia, B .Hb E compound a-thalassemia, C.Hb G-Taipei,
D.Hb G-Taipei (compound HBB synonymous mutation); S window: E.Hb Q-Thailand(compound -a4.2/aa.HBB synonymous mutation); G. Hb
Guangzhou-Hangzhou (compound HBB synonymous mutation); K.Hb M-Boston; L. Hb Youngstown (compound HBA, c.382A>T,al27lys >
termination codon (nonsense mutation). HBB synonymous mutation); C window: H.Hb G-Siriraj(compound HBB synonymous mutation) P3
window: L.Hb J-Baltimore(compound HBB synonymous mutation.HBA, UTR mutation); ].Hb J-Sicilia(compound HBB synonymous mutation.
HBA2 UTR mutation); between A0 window & A2 window: F.Hb Tamano (compound HBB synonymous mutation).

Copyright@ : Yefei Wang | Biomed ] Sci & Tech Res | BJSTR. MS.ID.008205.

43386


https://dx.doi.org/10.26717/BJSTR.2023.52.008205

Volume 52- Issue 1

DOI: 10.26717/BJSTR.2023.52.008205

Hemoglobin Analysis of Structural Hemoglobin Variants

Ten structural hemoglobin variants were detected in 14 cases
(14/1029,1.36%). Among those 4 cases were shown in A2 window
(1 Hb E compound {-thalassemia, 1 Hb E compound a-thalassemia
and 2 HbG-Taipei), 6 cases were shown in S window (2 cases of Hb
Q-Thailand, 2 cases of Hb Youngstown, 1 case of Hb Guangzhou-Hang-
zhou, and 1 case of Hb M-Boston), 1 case was shown in C window
which is Hb G-Siriraj, 2 cases were shown in P3 window with one Hb

J-Baltimore and one Hb J-Sicilia. One case of Hb Tamano was shown
between A0 and A2 window (Figure 4). Another 2 cases were shown
in C window (Figure 5) which were proved to be a single synonymous
mutation by DNA sequencing (HBB c¢.9T>C, His>His) without abnor-
mal Hb variant. This kind of synonymous mutation was also found in
most of the Hb variants above. Presumptive identification of hemoglo-
bin variants was made primarily using retention time (RT) windows
and area percent (Table 3).

450

AZ- 35T

450
375
‘300-
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15.09=
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oodlets . Mor
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- 1.71

- 2320

- 44T

Figure 5: Chromatogram of Single HBB synonymous mutation.
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Table3: HPLC results of 16 cases of Hb variants or abnormal genes.

Hb variants (or abnormal genes) No. Windows Retention time(min) Area percent (%)
Hb E compound p-thalassemia 1 F/A2 1.07/3.61 15.8/72.7
Hb E compound a-thalassemia 1 Unknown /A2 0.10/3.60 21/79
Hb Youngstown 2 S 4.605* 36.15*
Hb G-Taipei 2 A2 3.46* 30.3*
Hb Q-Thailand 2 S 4.555* 26.15*
Hb Tamano 1 between A0&A2 3.07 13.3
Hb Guangzhou-Hangzhou 1 S 431 17.2
Hb G-Siriraj 1 A2/C/ S 3.60/4.99/4.52 5.0/32.3/0.9
Hb J-Baltimore 1 P3 1.83 47.7
Hb J-Sicilia 1 P3 2.03 40.8
Hb M-Boston 1 S 4.53 8.1
Single HBB synonymous mutation 2 5.275% 4.6%
Notes: *shown in means.
Globin Gene Analysis clude --SEA/a(119/1029,11.56%) in a-thalassemia ,and CD41/42(-

TTCT) (118/1029,11.47%) or 1VS-2-654(C—T)(168/1029, 16.33%)
in B-thalassemia (Table 4). The DNA sequencing results of 10 types
of hemoglobin variants are shown in Figure 6, in which fglobin gene
mutation was more common (9/14, 64.3%), shown in Table 5.

In our studies, a total of 605 subjects were found to be hemoglo-
binopathies by globin gene analyzing (605/1029, 58.79%), in which
(-thalassemia (403/1029, 39.16%) was more common than other he-
moglobinopathies. The common mutations in our study population in-

Figure 6: DNA sequence of 10 types of hemoglobin variants.

A.  Hb Q-Thailand (HBA1 c.223 GAC>CACQC).

B.  Hb G-Taipei (HBB c.68GAA>GGA);

C.  Hb Youngstown (HBB c.305GAG>GCG) compound HBA2 ¢.382AAG>TAG (al27 lys > termination codon)
D. Hb Tamano(HBA1 ¢.269CAC>CGC);

E.  Hb Guangzhou-Hangzhou (HBA2c.194GAC>GGC).

F.  Hb G-Siriraj (HBB c.22GAG>AAG) compound HBB c.9CAT>CAC.
G. HbJ-Baltimore (HBB c.50GGC>GAC);

H. Hb]J-Sicilia (HBB c.198 AAG>AAC).

I8 Hb M-Boston (HBA2 ¢.175CAC>TAC).

J. 17 (HBB c.102AAG>TAG) compound Hb E(HBB c.129 GAG>AAG).
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Table 4: Globin genotypes of 1029 cases. B /BN 1
Globin genotype No. Percentage(%) prvsi1 /BN 1
) 422 41.01 B53-T 1
a-thalassemia 175 17.01 BIVS-12(T>C) 1
-a¥’/aa 10 ap-thalassemia 13 1.26
-a*?/aa 4 —SEA/aa B2/ pN 2
aa/aa 2 a2/ aq i/ Bt 1
-SEA/aa 119 ~SEA/aa pV/pN 2
-’/ -a¥ ! -/ aa p/pY 1
--SEA/-a®” 28 7/ aa P2/ BN 1
--SEA/-a*? 4 7 aa s/ N 3
--SEA/a%a 5 2/ aa B/ N 1
--SEA/a%a 1 ~atS/aa B/ pN 1
--SEA/aa(rare a2 partial deletion) 1 —SEA/ a%a p/pN 1
p-thalassemia 403 39.16 Structural Hb variants 14 1.36
/et 2 Hb E compound 1
pr/pm 1 Hb E compound --SEA/ a“a 1
pr/p* 1 Hb Q-Thailand compound -a**/aa 2
pry e 1 Hb G-Taipei 2
/B 1 Hb Youngstown 2
p7/p" 72 Hb Guangzhou-Hangzhou 1
pr/ 118 Hb J-Baltimore 1
p/p" 5 Hb J-Sicilia 1
p/p 1 Hb G-Siriraj 1
P/t 168 Hb Tamano 1
prr/ B 2 Hb M-Boston 1
pr/p 13 other 2 0.19
po/B 2 Single HBBc.9T>C 2
/B 1 Total 1029 100
p /B 1
Table 5: DNA sequencing results of 10 types of hemoglobin variants.
Hb variants Mutation gene Substitution N Percentage(%)
aglobin gene mutation 5 35.7
Hb Q-Thailand HBA1 ¢.223 GAC>CAC a74ASP>His 2
Hb Tamano HBA1 ¢.269CAC>CGC a89 His>Arg 1
Hb Guangzhou-Hangzhou HBA2¢.194GAC>GGC a64Asp>Gly 1
Hb M-Boston HBA2 c.175CAC>TAC ab8His>Tyr 1
Bglobin gene mutation 9 64.3
Hb G-Taipei HBB c.68GAA>GGA 22 Glu>Gly 2
Hb G-Siriraj HBB c¢.22GAG>AAG B7Glu>Lys 1
Hb Youngstown HBB ¢.305GAG>GCG 101 Glu>Ala 2
Hb J-Baltimore HBB ¢.50GGC>GAC 16 Gly>Asp 1
Hb J-Sicilia HBB ¢.198 AAG>AAC 65 lys>Asn 1
HbE HBB ¢.129 GAG>AAG 26Glu>Lys 2
Total 14 100
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Discussion

Hemoglobinopathy is a common inherited single gene disorder
in southern China. Many studies have been published from southern
China on hemoglobinopathies; however most studies focus on epide-
miology and screening. While very few studies did extensive analysis
on thalassemic and structural Hb variants carriers determined using
HPLC reports in Shanghai, an international metropolitan city with
frequent population migration that inevitably leads to the migration
of diseases. The most common conventional method of screening for
any inherited blood disorder is clinical examination followed by CBC,
electrophoresis or HPLC [4-7] . Out of these, HPLC method is based on
the movement of different hemoglobins in a given gravitational field
as they pass through certain adhesive materials. HPLC has the advan-
tage of quantifying HbF and HbA, along with detecting other variants
in a single screening test [8]. Automated HPLC and (-thalassemia pro-
gram is an appropriate approach for the screening and presumptive
identification of patients as well as carrier of f8-thalassemia prior to
DNA studies for definitive diagnosis.

As the first laboratory to analyze hemoglobin by using the au-
tomated HPLC and -thalassemia program in Shanghai. 39 (3.79%)
HbH disease,403 (39.16%)B-thalassemia, 13 (1.26%)af-thalassemia
and 14 (1.36%) cases of structural Hb variants had been identified in
hemoglobinopathy screening, which were then confirmed to be he-
moglobinopathies by globin gene analyzing and confirmation on the
the Hbvar database (http://globin.cse.psu.edu/hbvar/menu.html).
The automated HPLC method showed a high sensitivity and speci-

ficity in B-thalassemia, af3-thalassemia, HbH disease and structural
Hb variants screening, but displayed a low sensitivity in detecting
a-thalassemia silent carrier or minor type. A total of 6 (0.58%) cases
of B-thalassemia major and 397 (38.58%) cases of (3-thalassemia car-
riers,136 (13.22%) cases of a-thalassemia (silent carrier & minor ),
39 (3.79%) cases of HbH disease, 13 (1.26%) cases of af3- thalassemia
were confirmed by gene analyzing. Among them, the common geno-
types of deletion a-thalassemia were --SEA /aa, -a®’/aaand -a*?/aa.
--SEA /-a37, --SEA /-a*?, --SEA /a® awere of HbH diease. The main
genotypes of deletion and non-deletion a-thalassemia were --SEA/aa
and a“Sa/aa. The main genotypes of B-thalassemia werep®*/gN fol-
lowed byB**2/BN which was different from the results published from
southern China [9-14]. Therefore there is a significant geographical
difference in the thalassemia gene mutation prevalence which consti-
tutes the diversity of HBA and HBB mutations.

The ten types of structural Hb variants we found were Hb E com-
pound with thalassemia, HbG-Taipei, Hb Q-Thailand, Hb Youngstown,
Hb Guangzhou-Hangzhou, Hb M-Boston, Hb G-Siriraj, Hb J-Baltimore,
Hb ]-Sicilia and Hb Tamano. In comparison, HbE and Hb Q-Thailand
are common in southern china. While HbG-Taipei has been reported
in both Han and other national minority in Chinese population [15],
all other variants are rare. Hb J-Baltimore (16 Gly—Asp) was first
described in1963 in an African-American family. Since then, several

cases have been reported in distinct racial groups. Most of those cases
were discovered incidentally during the study of other entities, such
as thalassemia [16]. Hb ]-Sicilia (65 lys—Asn) was first described
in1974 in a young Sicilian woman. This Hb variant doesn’t show any
difference in function, which can be considered as a homologue of Hb
Zambia (60 lys—Asn [17]. Hb ]J-Baltimore and Hb J-Sicilia were the
first to be reported in Chinese population, both of which have com-
pound homozygous mutation in HbA, gene 5’- UTR and a synonymous
mutation (c.9T>C) in HBB gene. Whether those mutations cause a
change in Hb function needs further research. The heterozygous car-
rier of Hb J-Baltimore seen in a 37-year-old woman who displayed a
moderate microcytic hypochromic anemia with iron deficiency. The
case of Hb J-Sicilia was seen in a 61-year-old woman who suffered
from leukopenia and slight anemia. In our studies, except for 2 cases
of HbE with compound thalassemia and 2 cases of Hb Youngstown
display marked hemolysis and anemia and one case of HbM-Boston
displays characteristic cyanosis, most of structural Hb variants which
were without any clinical effects and were fortuitously found during
screening programmes.

The majority of Hb variants fortuitously discovered are of mini-
mal clinical interest. On the contrary, those found during the course
of a hematological disorder reveal the aetiological answer for the
disease. Often time, unusual clinical presentations may be explained
by the presence of several Hb abnormalities and their identification
may require further investigations [18]. Many of these variants are of
little clinical significance in heterozygous state, but when combined
with other variants or disease they may give rise to severe disease.
Therefore, in those patients once the Hb variants have been screened
by HPLC, genetic analysis is recommended and the clinical character-
istics of the disease should be communicated with patients to avoid
serious hemolysis complications. Significant (p<0.05) differenc-
es in HbA, were found in each group, except for those between the
gene negative group and the a- thalassemia silent carrier and minor
group(p>0.05. Significant(p<0.05)differences of both RBC and MCV
were found in the gene negative group compared witha-, -,a3- thal-
assemia or Hb variants groups. Hence, it is of great value to screen he-
moglobinopathies except a- thalassemia silent carrier and minor by
detecting RBC, MCV, and HbA,. For those samples with increased RBC
and decreased MCV but normal HbA,, further gene analysis should be
followed to avoid misdiagnosing of - thalassemia silent carrier and
minor.

Conclusion

Our results provide a detailed prevalence, hematologic and mo-
lecular characterization of hemoglobinopathies in Shanghai that
can definitely help to increase the awareness of hemoglobinopathy
screening. (-thalassemia was the predominant type of hemoglob-
inopathies, with the main mutation being (3%*/B" followed byg*-*?/
BN. The main genotype of deletiona-thalassemia was --SEA /aa, and
non-deletion a-thalassemia was uncommon in our report. The main
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genotype of HbH was --SEA /-a3’. The more common genotypes of
af- thalassemia were -a37/ 3%, --SEA/B**? and --SEA/BY. There are
10 Hb variants in this study focusing on the population in Shanghai.
HbE compound with thalassemia and Hb Youngstown presented with
marked hemolysis and anemia, HbM-Boston showed characteristic
cyanosis, while the other 8 types of Hb variants were clinically insig-
nificant. We identified a rare case of Hb ]J-Baltimore (16 Gly—Asp)
and a rare case of Hb J-Sicilia (865 lys—Asn) in Chinese population for
the first time, both of which were compounded with a homozygous
mutation in HbA, gene 5’- UTR and a synonymous mutation( ¢.9T>C)
in HBB gene.
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