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Abstract

Primary screening for thalassemia and
hemoglobinopathies usually involves an accurate blood
count using an expensive electronic blood cell counter.
A cheaper aliernative method was tested by using a
modified osmotic fragility (OF) test and a modified
dichlorophenolindophenol (DCIP) test. Altogether 423
pregnant Thai women participated in this project.
Hemoglobin patterns and globin genotypes were
determined using an automated high-performance
liquid chromatography analyzer and polymerase chain
reaction analysis of a- and B-globin genes. Among the
423 subjects, 264 (62.4%) carried thalassemia genes.
The combined OF and DCIP tests detected all pregnant
carriers of the 3 clinically imporiant thalassemias, ie,
aO-thalassemia, S-thalassemia, and hemoglobin E with
a sensitivity of 100.0%, specificity of 87.1%, positive
predictive value of 84.5%, and negative predictive value
of 100.0%, which show more effectiveness than these
values for the standard method based on RBC counts. A
combination of modified OF and DCIP tests should
prove useful and applicable to prenatal screening
programs for thalassemia and hemoglobinopathies in
communities with limited facilities and economic
resources.

© Amencan Society for Clirecal Pathology

Thalassemnia and hemoglobinopathies, the most common
inherited disorders of hemoglobin (Hb) synthesis, are among
the major public health problems in many areas of the world,
including Southeast Asiza.'? Although gene-gene interactions
in this population can lead to several thalassemia syndromes,
3 rargeted for prevention and control measures are homozy-
gous o-thalassemia causing the Hb Bart hydrops fetalis,
homozygous J-thalassemia, and [-thalassemia/Hb E.?
Therefore, in a prevention and control program, rapid, accu-
rate, and inexpensive screening protocols to identify carriers
of af-thalasseria, PB-thalassemia, and Hb E, especially in a
prenatal population at risk for Hb disorders, are essential.

Conventionally, the primary screening method for all
forms of thalassemia relies on hematologic index cutoffs,
which involves an accurate blood count using an electronic
cell counter. Individuals with mean corpuscular volume
(MCV) values less than 80 pm? (<80 L) and mean corpuscu-
lar hemoglobin (MCH) values less than 27 pg should be
examined further to confirm or exclude the diagnoses of «-
thalassemia and [-thalassemia.*> This, however, requires an
expensive electronic blood cell counting apparatus and cannot
be applied in rural areas where laboratory facilitues and eco-
nomic resources are limited.

It has been demonstrated that a single-tube osmotic
fragility (OF) test with 0.36% saline solution might be an
attractive altemative to identify carrers of - and J-thal-
assemias.%® Recendy it was demonstrated that the use of
0.34% instead of 0.36% saline solutions could greatly
improve the specificity of the OF test for of-thalassemia and
B-thalassemia, but an Hb E cammier would be missed.® A com-
bined modified OF test and modified dichlorophenolindophe-
nol (DCIP) test for Hb E'? has been proposed for screening in

Am J Clin Pethol 2005173113118 113
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rural comimunities of Southeast Asia.'' However, this screen-
ing protocol might not be appropriate for pregnant women
because anemia might be more prevalent and severe owing to
physiologic changes and/or iron deficiency. Therefore in this
study, the effectiveness of the combined modified OF test and
modified DCIP test for the identification of o’-thalassemia, -
thalassemia, and Hb E in pregnancy was tested and compared
with other standard screening protocols involving measure-
ment of RBC indices. '

Materials and Methods

Subjects

Study participants included 423 apparently healthy, preg-
nant Thai women consecutively attending an antenatal care
service between January and December 2003 at Nampong and
Chumpae district hospitals of Khon Kaen province in northeast
Thailand. The study was approved by the institutional ethical
committee of Khon Kaen University, Khon Kaen, Thailand.
Only women in the first or second trimester were recruited.
The mean + SD age and gestational age of the subjects were
255 = 6.0 years and 12.7 + 3.7 weeks, respectively. After
informed consent was obtained at the first visit to the antenatal
care service, EDTA-anticoagulated blood samples were
obtained and wansferred on ice within 2 hours to the Faculty of
Associated Medical Sciences, Khon Kaen University, where
all laboratory investigations were performed.

Screening and Hematologic Analysis

Screening for thalassemia was perfonmed with a modified
OF test and for Hb E with a modified DCIP test using the
KKU-OF and the KKU-DCIP-Clear reagent kits (PCL
Holding, Bangkok, Thailand) and following the manufactur-
er’s protocols as described.!! Briefly, in the OF test, a sample
of 20 pl. of whole blood was mixed with 2 mL of 0.34%
buffered saline solution in the test tube and left at room tem-
perature for 15 minutes before being interpreted. For the DCIP
precipitation test, 20 puL of whole blood was added to 2 mL of
a modified DCIP reagent, and the mixture was incubated at
37°C for 15 minutes before the addition of 20 pL of stopping
reagent supplied by the manufacturer to eliminate and decol-
orize the excess DCIP dye.

Both tests were interpreted by visualization as negative or
positive. Negative samples are characterized by a clear solu-
tion and positive samples by a cloudy appearance. RBC
indices were determined using the Coulter GenS automated
blood cell counter (Coulter Electronics, Hialeah, FL). Hb pat-
temns and levels were determined using an automated high-
performance liquid chromatography system (Variant, Bio-Rad
Laboratories, Hercules, CA).
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DNA Analysis

Genomic DNA was extracted from peripheral blood
WBCs by using a standard method. All common a-thal-
assemia mutations, including o®-thalassemia (SEA type), a*-
thalassemia (3.7- and 4.2-kilobase deletions), Hb Constant
Spring (Hb CS) and Hb Paksé (Hb Ps) were identified by the
polymerase chain reaction (PCR) and refated methods.!215
Common {-thalassemia mutations in Thailand also were
examined in samples with Hb A, levels exce‘eding 3.5% using
the allele-specific PCR routinely run in our laboratory. 617

Statistical Analysis

Descriptive statistics, including mean and SD, were used
to describe hematologic features of the subjects. To compare
the effectiveness of the standard method based on RBC
indices with that of the combined modified OF and DCIP tests
for thalassemia and Hb E screening, we calculated sensitivity,
specificity, positive predictive value, and negative predictive
value. The results of Hb analysis with high-performance liq-
vid chromatography and PCR analysis of o~ and B-thal-
assemias were used as “gold standards.”

Results

The results of thalassemia genotyping and hematologic
characteristics of 423 pregnant women are summarized in
ETable 10. Among 423 pregnant women studied, 264 (62.4%)
were found to carry thalassemias or hemoglobinopathies. No
thalassemia gene was detected in the remaining 159 subjects
(37.6%). In the former group, 22 thalassemia genotypes were
observed. As expected, the most common genotype was Hb E
heterozygote, which was identified in 94 subjects. Interactions
of Hb E with several forms of a-thalassemia also were found.
o-Thalassemias, including of- and o*-thalassemia, Hb CS,
and Hb Ps, were identified as pure heterozygotes or in associ-
ation with other abnormal genes. Three f-thalassemia het-
erozygotes were detected. Two as yet undescribed conditions
of homozygous Hb E with Hb Q-Thailand and a compound
Hb Q-Thailand/Hb CS also were observed, which will be
reported elsewhere. Compared with the nonthalassemia
group, all forms of thalassemia differed in the RBC indices,
particularly the MCV and MCH values. Changes in these
parameters clearly were observed in women with of- and B-
thalassemias and in those who carried 2 or more abnormal
genes.

To compare the effectiveness of the screening strategies,
the data collected as shown in Table 1 were separated into 2
groups based on genotypes, ie, clinically important and non-
clinically important genotypes. The former included aP-thal-
assemia, B-thalassemia, and Hb E, which are the target of thal-
assemia screening.
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ITable 11

Thalassemia Genotypes Observed in 423 Pregnant Wemen and the Corresponding Hematologic Characteristics®

Thalassemia Genotype RBC Hb Hct MCV MCH MCHC  RDW

(No. of Cases) (x 10'¥/L) (g/dL) (%) (fL) {pe) (g/dL) (%) Hb Type HbAJE(%)

Heterozygous Hb E (94) 4605 1.7 211 35336 775 247 25718 331210 1431217 EA 293 117
With a*-thalassemia (26]" 4304 116 £10 351237 815237 271 219 331zx11 139:11 EA 280z 21
With Hb CS {7) 41+05 1M1 :11 33431 819 24 27309 332203 137207 EACSEA 270 16
With Hb Ps (3} 5110 122 +£13 379 +46 748 £77 2421227 324:05 155125 EAMPSEA 257 £ 11
With homozygous 51,47 12.2, 101 375,312 726,664 236,215 325 323 153,202 EA 211,205

a*-thalassemia (2)
With a®-thalassemia {6} 48=x03 105207 327220 685+46 219x16 320207 116519 EA 196 = 13
With a*-thalassemia/ 50 1.2 349 £96 223 32 141 EA 204
Hb Ps (1}
With a®thalassemia/ 4.86 77 247 508 158 311 226 EA 159
a*-thalassemia (1)
With of-thalassemia/ 492 76 28 56.8 155 273 236 EA 126
Hb Ps (1)

Homozygous Hb E (16) 4705 101208 314 +25 66B8+26 21508 322104 169210 EE 899+ 42
With or*-thalassemia (3) 48+ 05 104+01 321209 672 64 217 £19 324:209 166224 EE 918 £40
With Hb Q (1} 489 108 327 66.8 221 331 18.3 EEwth(Q 794

Heterozygous a?-thalassemia 51206 1101213 346239 680225 216216 318 215 15310 AL 23:203

{10}
Heterozygous o*-thalassemia 44+04 121208 36326 823+£35 27415 3331089 13710 AA 26x03
(s3)*

Heterozygous Hb CS (26) 4403 116 109 35529 B15 £51 267216 327208 135208 AANCSAA 26205

Heterozygous Hb Ps {3) 44 04 121211 365+47 834241 277 £07 332207 133202 AAPsAA 261202

Homazygous a*-thalassemia (4) 51207 17 +£16 3584+34 704225 22803 324x14 170 226 AA 27x05

Compound heterozygous
a®-thalassemia/Hb CS (1) 3.77 77 278 738 205 278 218 CSAA Bart Hb 1.0
o*-thatassemia/Hb Ps (1) 4.81 n 35.4 73.6 23.1 314 13.9 AA 2.1
a*-thalassemia/Hb CS (1) 653 ne 372 672 215 32 145 31
Hb QHb CS {1} 4.55 9.7 e 69.5 214 30.7 16.3 AAQ 1.5

Heterozygous P-thalassemia (3} 5103 107+09 333420 65505 21105 322+£05 16711 AA 5204

Nonthalassemia {159} 41204 122219 359240 879 +50 299221 340x12 13.7zx14 AA 2703

CS, Coostant Spring: Hb, bemoglobin; Het, bematocrii; MCH, mean corpuscular hermoglobin; MCHC, mean corpuscular hemoglobin concentration, MCV, mean corpuscular

votume: Py, Paksé; RDW, red cell distribution widih

* Values are given as mean & SD except when n = | or n = 2. Values for the RBC count and MCV are given as Systeme Intemnational (SI) units; conversions o conventional units
are as follows: RBC count (x10%/L), divide by 1.0; MCV (um?), divide by 1.0. Othcr valucs are given as conventional units; conversions o SI units arc as follows: Hb (g/1),
raultiply by 10.0; Het {proportion of 1.0), multiply by 0.01; MCH {units are the same}; MCHC (g/L), multiply by 10.

! Of the cases, 23 were the —a™! type, and 3 were the ~a*2 type.
 Of the cases, 51 war the —*7 type, and 2 were the —o*2 type.

FTable 24 lists the number of women with various geno-
types who had positive or negative results based on each
screening protocol using standard RBC indices and a4 combi-
nation of modified OF and DCIP tests. Five screening meth-
ods were compared, ie, MCV alone (cutoff, 80 um? (80 fL]);
MCH alone (cutoff, 27 pg); a combined MCV and MCH; a~
combined MCV, MCH, and DCIP test: and combined OF
and DCIP tests. As shown in Table 2, a total of 126, 138, and
143 women with clinically impornant thalassemias had posi-
tive results for MCV alone, MCH alone, and the combined
MCYV and MCH, respectively. False-positive and false-nega-
tuve rates for these 3 screening protocols were 23.6%
(39/165} and 19.0% (49/258) for MCV alone, 27.4%
(52/190) and 15.9% (37/233) for MCH alone, and 28.5%
(571/200) and 14.3% (32/223) for the combined MCV and
MCH, respectively.

In contrast with the preceding 3 methods, the combined
MCV, MCH, and DCIP protocol and the combined OF and
DCIP protocol detected all 175 subjects with clinically important

© American Society for Clinical Pathology

thalassernias. False-positive rates for these 2 screening proto-
cols were 25.2% (59/234) and 15.5% (32/207), respectively.
No false-negative results were encountered.

Based on these results, the effectiveness of each screen-
ing method for the 423 pregnant Thai women was determined
and values compared BTable 31. Excellent sensitivities were
obtained with the last 2 protocols (combined MCV, MCH, and
DCIP and combined OF and DCIP tests). The combined OF-
DCIP method resulted in better specificity, positive predictive
value, and negative predictive value than the other methods.

Discussion

The aim of screening for thalassemia and hemoglo-
binopathies in Southeast Asia is to offer carmier testing to the
population before they have children.Z3 In the present study,
we compared the effectiveness of various carrier screening pro-
tocols, including existing protocols and a recently established

Am.J Oin Pathol 2005123113118 115
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ETable 18
"Thalassemia Genotypes Observed in 423 Pregnant Women and the Corresponding Hematologic Characteristics®

Thalassemia Genotype RBC Hb Het MCV MCH MCHC RDW
(No. of Cases) (x10'%L)  (g/dL) (%) (L) (pe) (g/dL) (%) HbType HbA/E(%)
- Heterozygous Hb E (94) 4605 N7 =11 3531236 775 247 25718 331:x10 1431x17 EA 293 17
With a*-thalassemia (26)' 43:04 16210 351x31 815237 271 £19 331x11 139:11 EA 280 x 2.1
With Hb CS (N 41205 111 211 334231 819224 273 209 332203 13707 EALLSEA 270 £ 16
With Hb Ps {3} 5110 12213 379 £46 748 £77 2421227 3241205 1551225 EA/PSEA 257 £ 11
With homozygous 651,47 12.2, 101 375,312 726,664 236,215 325,323 153, 202 EA 211,205
a*-thalassemia (2)
With a®-thalassemia (B) 48+ 03 1005207 327220 685246 219216 320x207 165+19 EA 19.6 2 1.3
With a*-thalassemia/ 5.0 112 349 69.6 22.3 32 141 EA 204
Hb Ps (1)
With aP-thalassemia/ 4.86 7 247 508 158 311 226 EA 159
a*-thalassemia (1)
With of-thalassemia/ 492 76 28 568 155 273 236 EA 12.6
Hb Ps (1)
Homozygous Hb E (16) 47206 101+08 314225 668226 215208 322z204 169210 EE 899 %42
With a*-thalassemia (3} 48205 1041201 321209 672 +64 217 19 3241+ 09 166x+24 EE 918 £40
With Hb Q (1} 489 108 327 668 221 331 153 EEwithQ 794
Heterozygous o-thalassemia 51206 M0 213 346239 630225 216216 318 £15 153210 AA 23203
{10
Heterozygous a*-thalassemia 44x04 121108 363126 82335 274215 333209 137210 AN 2603
{53
' Heterozygous Hb CS (26) 44x03 116 £09 355229 815 +£51 26716 32708 135x208 AZNCSA‘,A 2605
| Heterozygous Hb Ps (3) 44x04 121211 365+£41 B34x241 277 207 332:07 133202 AAPAA 26202
! Homaozygous a*-thalassemia (4} 851207 N7 £16 358434 70425 228203 324x74 170 26 AA 2705
¥ Caompound heterozygous
a®thalassemia/Hb CS {1) a7 77 278 738 205 278 219 CSAABartHb 1.0
a*-thalassemia/MHb Ps {1} 481 11 354 736 231 34 139 AA 2.1
o*-thalassermia™b CS (1) 553 1o 372 672 215 32 145 AA an
Hb OMHb CS (1} 4,55 9.7 316 69.5 214 30.7 163 AAQ 15
Heterozygous B-thalassernia (3} 5103 07+09 33320 655205 211205 322205 15711 AA 5204
Nonthalassemia (159) 4104 1222171 359240 879 50 209221 340112 137z214 AA 2703

CS, Consiant Spring; Hb, hemoglobin; Hat, bematocrit; MCH, mean corpuscular hemoglobin, MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular
volume; Ps, Paksé; RDW, red cell distribution width.

® Valucs are given as mean 2 5D exoept when n= | or n = 2. Values for the RBC count and MCV are given as Sysieme Intemational (SI) units; conversions to conventional units
arc as follows: RBC count (x10%1), divide by 1.0; MCV (um?), divide by 1.0. Other valucs are given as conventional units; conversions to SI units are as follows: Hb (g/1),
muliiply by 10.0: Het (proportion of 1.0}, multipty by 0.01; MCH (units are the same); MCHC (g/L), multiply by 10.

T Of the cases, 23 were the —a*7 type. and 3 were the —a*2 type,

3 Of the cases, 51 were the a7 type, and 2 were the a2 type.,

ITable 28 lists the number of women with various geno- thalassemias. False-positive rates for these 2 screening proto-
types who had positive or negative results based on each cols were 25.2% (59/234) and 15.5% (32/207), respectively.
I screening protocol using standard RBC indices and a combi- No false-negative results were encountered.

! nation of modified OF and DCIP tests. Five screening meth- Based on these results, the effectiveness of each screen-
! ods were compared, ie, MCV alone (cutoff, 80 pm? [80 fL]); ing method for the 423 pregnant Thai women was determined
;'; MCH alone (cutoff, 27 pg); a combined MCV and MCH; a and values compared ETable 38. Excellent sensitivities were
I combined MCV, MCH, and DCIP test; and combined OF obtained with the last 2 protocols (combined MCV, MCH, and
!: and DCIP tests. As shown in Table 2, a total of 126, 138, and DCIP and combined OF and DCIP tests). The combined OF-
, 143 women with clinically important thalassemias had posi- DCIP method resulted in better specificity, positive predictive
. tive results for MCV alone, MCH alone, and the combined value, and negative predictive value than the other methods.

. MCV and MCH, respectively. False-positive and false-nega-

tive rates for these 3 screening protocols were 23.6%

(39/165) and 19.0% (49/258) for MCV alone, 27.4% . -

(52/190) and 15.9% (37/233) for MCH alone, and 28.5%  Discussion

(57/200) and 14.3% (32/223) for the combined MCV and The aim of screening for thalassemia and hemoglo-
MCH, respectively. binopathies in Southeast Asia is to offer carrier testing to the
j In contrast with the preceding 3 methods, the combined population before they have children.?? In the present study,

MCV, MCH, and DCIP protocol and the combined OF and we compared the effectiveness of various carrier screening pro-
DCIP protocol detected all 175 subjects with clinically important tocols, including existing protocols and a recently established
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The a-thalassemias, including &, a*, Hb CS, and Hb Ps, also
were prevalent and were detected at different frequencies.
The high prevalence of Hb E and a-thalassemia in this group
of the Thai population was supporied by the observation of
various interactions of Hb E with several forms of a-thal-
assemia (Table 1).

In this group of pregnant Thai women, we observed sim-
ilar hematologic features associated with o-thalassemia, f3-
thalassemia, homozygous Hb E, pure Hb E heterozygote, and
double heterozygote for Hb E/a-thalassemia to those reported
in nonpregnant subjects.'+!% Marked reductions in MCV and
MCH values with higher numbers of RBCs were observed in
women with a®-thalassemia, B-thalassemia, and homozygous
Hb E. All of these forms of thalassemia, therefore, tested pos-
itive when MCV or MCH was used as the primary screening
tool (Table 2). It is noteworthy that the combined MCV and
MCH method provided better sensitivity than that obtained
using the MCV or MCH alcone. For Hb E heterozygotes, how-
ever, many had normal RBC indices and, therefore, had nega-
tive results in MCV and MCH screening (Table 2). The false-
negative result with MCV and MCH screening for Hb E car-
rier is unacceptable, especially when a population screened is
known to have a high prevalence of Hb E, as is true for
Southeast Asian populations. A reduction in MCV and MCH
values also was noted in women with other mild forms of thal-
assemia, ie, or*-thalassemia, Hb CS, and Hb Ps, compared
with the 159 women without thalassemia. Other investigators
found similar results in a Chinese population. 202}

The results of the present study indicate that during preg-
nancy, even mild thalassemia might influence hematologic
parameters, leading to a false-positive screening result, when the
RBC index is used as the primary screening method. The high
false-positive and false-negative rates led to disappointing sensi-
tivity and specificity values for the MCV and MCH screening
methods. However, as shown in Table 3, the sensitivity of the
MCV and MCH screening protocol was improved greatly (to
100.0%) when it was used in combination with a modified DCIP
test because all subjects with Hb E had positive results with this
test. Based on the results of our study, we strongly recommend
the use of a modified DCIP test in addition to electronic blood
cell counting for screening Southeast Asian populations to be
able to identify and give proper advice to Hb E carriers.

1t is interesting that the best screening result with 100.0%
sensitivity, 87.1% specificity, 84.5% positive predictive value,
and 100.0% negative predictive value was obtained with a
combined OF-DCIP protocol (Table 3). According to these
data, nc false-negative results for the 3 clinically imporiant
forms of thalassemia, ie, o®-thalassemia, B-thalassemia, and
Hb E, could be found with this screening method, but approx-
imately 15% of the positive cases would be false-positives.
However, this is not important because the major concern of
screening is to avoid false-negative results? A screening

© American Society for Clinical Pathology
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method consisting of a combination of modified OF and DCIP
tests, therefore, is an attractive screening alternative to an
expensive electronic blood cell count. The protocol is simple,
reliable, cost-effective, and practical enough to be carried out
in a primary health care setting. Indeed, the protocol recently
has been applied successfully for prevention and control of
severe thalassemnia in a provincial hospital in Thailand.?}
Using this method in screening for thalassemia and hemoglo-
binopathies in pregnant women in Southeast Asian communi-
ties should facilitate a prevention and control program of this
common genetic disorder?* in the region.
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Association of Hb Q-Thailand with
homozygous Hb E and heterozygous Hb
Constant Spring in pregnancy
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Abstract: Hemoglobin (Hb) Q-Thailand [a74(EF3): Asp — His] is an
abnormal Hb found mainly in China and South-cast Asian countres.
Association of the a? ™l47d a)1e]e with a-thalassemia has important
implications in diagnosis. We report the hitherto undescribed conditions
of this vaant in two unrelated pregnant Thai women. Routine Hb
analyses using high-performance liquid chromatography identified
abnormal Hb migrating after Hb A; in addition to a homozygous Hb E
in the proband | and to a heterozygous Hb Constant Spring (Hb CS) in
the proband 2. Further a-globin gene analysis identified that the variant
was caused by the GAC to CAC mutation at codon 74 of the al-globin
gene corresponding to the Hb Q-Thailand, detected in cis to the 4.2 kb
deletional a-thalassemia 2 in both cases. Interaction of the @ Th2dand
with the BE globin chains in the proband 1 leads to a Hb variant, namely
the Hb QE. Family study of the proband 1 showed that her non-preg-
nant sister had the same genotype but her father was a double hetero-
zygote for Hb E and Hb Q-Thailand in whom both Hb Q-Thailand and
Hb QE were detected. Genotype—phenotype relationships observed in
these families with complex hemoglobinopathies are presented and
compared with those of simple homozygote for Hb E, heterozygote for
Hb CS and heterozygote for Hb Q-Thailand found in other unrelated
subjects. A simple DNA assay based on allele-specific polymerase chain
reaction for simultaneous detection of the Hb Q-Thailand mutation and

the 4.2 kb deletional a-thalassemia 2 determinant was developed and
validated.
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Thalassemia and hemoglobinopathies are very
common in South-cast Asia including Thailand
(1). In addition to the two most common hemo-
globin (Hb) variants, Hb E [f26(B8): Glu — Lys]
and Hb Constant Spring (Hb CS) [«Term:
TAA — CAA], other abnormal Hbs caused by
both a-chain and B-chain variants are occasionally
reported (2, 3). Therefore cases with complex
phenotypes caused by these gene—gene interactions
in the same individuals are not uncommon. Among
those variants, Hb Q-Thailand [«74(EF3). As-
p — His] has been reported in Chinese and
other South-east Asian populations in whom the
o Thailand 1y tation is always linked to the 4.2 kb

deletional ae-thalassemia 2 determinant (4-6). Inter-

action of Hb Q-Thailand with a-thalassemia 1 leads

to a clinical phenotype of Hb Q-H disease (7-9).
Therefore, interaction of this varant with other
forms of thalassemia and hemoglobinopathies has
important implications in the diagnosis of thalas-
semia. Using a combination of hematologic and
DNA analyses, we have now charactenzed the
previously undescribed conditions caused by inter-
actions of the Hb Q-Thailand with homozygous Hb
E and Hb Q-Thailand with Hb CS detected in two
unrelated Thai pregnant women. Hematological
parameters of the patients are presented and
compared with those of the homozygous Hb E,
simple heterozygote for Hb CS and simple
heterozygote for Hb Q-Thailand. Analytical
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characteristics of a new Hb variant resulting from
tetrameric assembly of the o@Thailand with the BE

globin chains (az ﬁz) {namely the Hb QE} are
demonstrated and a rapid polymerase chain reac-
tion (PCR) assay for simultaneous detection of the
@ Thailand ryytation and the 4.2 kb deletional a-
thalassemia 2 determinant is described.

Materials and methods
Subjects and hematologic analysis

The two probands (Pl and P2) were pregnant
women attending the antenatal care service at
Chumpae Hospital, Khon Kaen Province, Thai-
land. Their gestational ages at the time of investi-
gation were 16 and 15 wk respectively. Both of
them had neither history of organomegaly nor
blood transfusion. Initially, Pl was diagnosed as a
homozygous Hb E with unknown variant Hb and
P2 was a carrier of a similar Hb variant. After
informed consent was obtained, EDTA blood
samples were taken from them and their family
members and immediately sent on ice to Khon
Kaen University for further analysis. Hematolog-
ical data was collected on an automated blood cell
counter (Coulter Gen §; Coulter Electronics, Hia-
leah, FL, USA). Hb analysis was carried out by
electrophoresis on cellulose acetate (pH 8.6) and by
automated high- pcrformancc liquid chromatogra-
phy (HPLC) (Variant™; Bio-Rad Laboratories,
Hercules, CA, USA) as shown in Fig. 1.

DNA analysis

Genomic DNA was extracted from peripheral
blood leukocytes using the standard method. Iden-
tification of a-thalassemia 1 (SEA type), oa-tha-
lassemia 2 (—a*’ and —a*?), o= and o genes
was performed using the PCR described elsewhere
(10-12). Selective PCR amplification of the «l and
o2-globin genes and direct DNA sequencing were
performed as described prevnously (13).

Allele-specific PCR for simultaneous detection of o ™12
and ~a*?

To develop a direct dctectwn of the in cis linked

o@ Thailand o station and —o*? deletion, a multiplex
allele-specific PCR approach was developed as
shown in Fig. 2. Allele-specific primer oaG20
(5'-CAACGCCGTGGCGCACGTGC—3') was
used with a common primer B (5-GAGGCCCAA
GGGGCAAGAAGCAT-3) located downstream
to produce a 416 bp o@TP**rd ghecific fragment.
In the same reaction, two other primers — C
(5-GCTAGAGCATTGGTGGGGTCATGCC-3")
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and D (5"-TTCTGACTC TGCCCACAGCCTGA-
3) — were also used to produce a fragment of
1529 bp specific for the 4.2 kb deletional «-tha-
lassemia 2 (11). As an internal control, another two
additional primers, y4 (5-GGCCTAAAACCA
CAGAGAGT-3) and v5 (5-CCAGAAGCGAG
TGTGTGGAA-3") (14) were also incliuded to amp-
lify the 578 bp fragment of the y-globin gene pro-
moter. The 50 pl PCR reaction mixture contained
0.1 pg DNA, 15 pmol of primers «aG20, B, v4 and
v5, 60 pmol of primers C and D, 200 pm dNTPs
and 2.5 unit Tag DNA polymerase (Promepa,
Madison, W1, USA) in 10 mm Tris—HCI (pH 8.0),
S50 mm KCl, 1 mm EDTA, 0.1% Triton X-100,
5% glycerol (v/v), 5% DMSO and 3 mm MgCl,.
The amplification reaction was carried out in a
DNA Thermal Cycler 480 (Perkin-Elmer Cetus,
Norwalk, CT, USA). After initial denaturation
at 94°C for 3 min, 35 cycles of the PCR process
(94°C for 1 min and 65°C for 1 min 30 s) were
performed. The amplified product was analyzed
on 1.5% agarose gel electrophoresis and visual-
ized under UV light afler staining with ethidium
bromide.

Results

Hematological parameters and genotypes of the
two probands and their family members are sum-
marized in Table 1. For comparison, additional
data from pregnancies with homozygous Hb E,
heterozygous Hb CS and non-pregnant subjects
with heterozygous Hb Q-Thailand and Hb Q-H
disease in our series are also presented. While
hematological values of the P1, a homozygous Hb
E with Hb variant were similar to those of simple
homozygous Hb E, the mean corpuscular volume
(MCYV), mean corpuscular hemoglobin (MCH) and
MCH concentration (MCHC) values of P2 were
obviously lower than those of the heterozygous Hb
CS. As shown in Fig. 1A, Hb electrophoresis of the
P1 and her family members demonstrated that she
and her sister were both homozygous Hb E with
abnormal Hb. This abnormal Hb migrated more
slowly than that of the Hb E (Fig. 1A, lanes 4 and
5). Her mother (Fig. 1A, lane 3) was a pure carner
of Hb E whereas her father (Fig. 1A, lane 2) was a
carrier of Hb E with two additional abnormal Hb
bands, one of which had the same electrophoretic
mobility with those detected in P1 and her sister,
whereas another migrated more anodic to the Hb
E. Hb analysis with an automated HPLC revealed
abnormal Hb peaks ¢luted after Hb E/A; in both
Pl (Fig. 1B) and P2 (Fig. 1C) with very close
retention times, i.e. 4.82 min in the P1 and 4.65 min
in the P2. The amounts of these abnormal Hbs were
13.7% and 49.3% in Pl and P2 respectively
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Fig. 1. Hemoglobin analysis of the patients and family members. (A) Cellulose acetate clectrophoresi.s at pH 8.6. Lane 1.
heterozypgous Hb E, lane 2: P1's father, lane 3: P1's mother, lane 4: P1, lane 5: P1's sister, tane 6: norma_l individual and lane 7:
homozygous Hb E. The positions of Hb Q-Thailand, Hb QE as well as Hb A and Hb A,/E arc indicated. B-I) are HPLC
profiles of the P1, P2 and P1’s father respectively. The elution peaks of Hb Q-Thailand and Hb QE are indicated by arrows.

(Table 1). No Hb E was identified in the P2. HPLC
analysis of the Pl's father demonstrated in addition
to the Hb E heterozygote, two abnormal Hb peaks,
quite similar to those identified separately in P1 and
P2 with the amounts of 14.4% and 5.7% respect-
ively (Fig. 1D). These data indicate that although
the two abnormal Hbs identified in P1 and P2 were
very similar, they were not the same variant. As
shown in Table ], although most of the hemato-
logic values of the P1's father were normal, he had
relatively lower Hb E level as compared with the
P1’s mother, a simple carrier of Hb E (19.9% vs.
28.3%), the data indicating a possibility of
co-inheritance of a-thalassemia (15, 16). Therefore,
a-globin genotyping by PCR. was carried out for all
individuals. With this PCR analysis, we identified
the 4.2 kb deletional a-thalassemia 2 in Pi, Pl's
father, P1’s sister and P2 and the Hb CS gene in P2
and P2’s father who was a carrier of Hb CS
(Table 1). Further analysis by DNA sequencing of

the amplified ol globin genes of the two probands
identified the same GAC (Asp)-CAC (His) muta-
tion at codon 74, corresponding to the Hb Q-
Thailand described previously (5, 8). Therefore
with this analysis, we were able to conclude that P
was a homozygous Hb E with Hb Q-Thailand and
P2 was a double heterozygote for Hb Q-Thailand
and Hb CS, both of which have not previously been
encountered. It is conceivable that an abnormal Hb
observed in the P2 was the Hb Q-Thailand rcsultin/%
from a tetrameric assembly of the a@ P27 and g
chains (agﬁ‘;) whereas that observed in the Pl
would be most likely the result of tetrameric
assembly of @ TMi12nd 504 BE chains (agﬁf) as P1
has no PA. The latter interaction would result in a
new Hb variant which is named the Hb QE rather
than the Hb Q-Thailand described before.

In order to establish a simultaneous and rapid
method for detection of a linked Hb Q-Thailand/a-
thalassemia 2, a multiplex allele-specific PCR
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Table 1. Hemaiwological parameters and genatypes of the probands and their family members as compared with homozygous Hb E (Homo. Hb E), heterazygous Hb CS (Het. Hb
CS). heterazygous Hb G-Thailand {(Het. Hb () and Hb Q-H disease. Hematological values in parentheses of the probands 1 and 2 were obtained at 10 and B months after

delivery respectively

Famity 1 Famity 2

Homo. Hb Het Hb Het. Hb 0 Hb O-H
Parameters Pigband Father Mother Sister E (N =18} Proband 2 Father  CS (N = 261 N="5F disease (N = 1]*
RBC (x10"3/1}) 49155 49 5.7 58 47205 45 (51) 43 44103 5003 44
Hb (g/dL) 108 {11.0) 139 141 128 101207 87{9.9) 102 NE+09 135211 97
Het (%) 3274351 425 427 396 N5123 3161333 326 55129 4153137 340
MCV (11} 66.8 (64.0) 857 752 68.6 671232 B9.5 [65.7) 763 815151 823+26 774
MCH (pg) 211 (201} 84 250 n2 216209 214 (195 739 267216 270106 21
MEHC (g/dl) 331 (3 4) 327 332 322 22105 307297 3z 327108 326105 86
ROW %] 153 (16.0) 139 141 165 168+ 12 16.7 15.9) 18.1 135+ 09 na. na.
Hb-types EEwithQ EAwith O EA EE with Q £E AAwthHh O CSAA  CSAMNAA  AAwihHbQ aH
Hb AfE (%) 794 199 283 708 903 2 42 15 20 26105 22102 na
Hb Q-T (%} - 144 - - - 493 - - 254104 788
Hb QF (%] 137 57 - 144 - - - - - -
a-Genotype ~a%ua —a%aa  aafaa  ~afas aafan —a%ea aa/aa P ~a¥fax -al-
§ Genotype /B¢ ppt ptpt pyE p*/pt in'lin ph/pt pr/p* e ph/pt

'All were pregnancies.

25erum fermitin levels st the time of investigation and B manths afer delivery were 2.2 and 247 ng/ml respectively.

3Non-pregnamt subjects composed of three males and two females.
‘A 9-yr-old boy.

Hct, hematocrit, MCV, mean corpuscular volume: MCH, mean compuscutar hemoglobin, MCHC, MCH concentration; RDW, red blood cell distribution wadth; n.a., not available.

Co-inheritance of Hb Q-Thailand with a-thalasse-
mia 1 results in a thalassemia intermedia known as
the Hb Q-H disease with a similar clinical features
to that of the deletional Hb H disease, although Hb
A is absent in the former (7-9).

We report the hitherto undescribed conditions
resulting from the interaction of this abnormal Hb
with homozygous Hb E and with heterozygous Hb
CS in pregnant Thai women. Although, interaction
of Hb Q-Thailand and Hb E heterozygote has been
documented pre-natally by DNA analysis in a fetus
of a Singaporean family, no protein analysis data
were provided (17). We have now demonstrated
that interaction of these two Hb variants could lead
to another abnormal Hb. The P1 and her sister
were both homozygous Hb E with Hb Q-Thailand.
As shown in Table 1, they both had hypochromic
microcytic red blood cells with no Hb A; however,
assembly of the o@T*nd 554 the BF chains in
these two individuals led to the formation of
another varniant, the Hb QE (a?ﬁf) instead of the
Hb Q-Thailand (agﬂi\) usually encountered. As
shown in Fig. 1, these two Hb variants have
difference electrophoretic mobilities and HPLC
profiles as well as the amounts detectable in blood.
The proportions of Hb QE observed in our two
cases were relatively low (13.7% and 14.4%) as
compared with the level of Hb Q-Thailand ob-
served in five other heterozygotes (25.4 x 0.4%)
(Table 1). The lower proportion of Hb QE as
compared with Hb Q-Thailand likely indicates a
lower affinity of the a? ™4™ chain for the pE
chain as compared with the $*-chain in generating
Hb molecule. The result of Hb analysis of the PI's

father, a double Hb E/Hb Q-Thailand (Fig. 1D)
indirectly supports this as he had 14.4% of Hb Q-
Thailand («$85) and only 5.7% of Hb QE (a355).
Although, he had apparently lower Hb E level
(19.9%) as compared with his wife who was a pure
carrier of Hb E (28.3%), his total Hb E level should
be in fact 25.6% (i.e 19.9% HBE + 5.7% Hb QE)
which is in the range usually observed for the Hb E
heterozygote with o-thalassemia 2 (15, 16). Hema-
tologically, we observed no difference in the hema-
tological values of the P1 and her sister with those
encountered in pregnancies with homozygous Hb E
(Table 1) although P1 had a relatively lower Hb
level as compared with her sister. This could be due
to the effect of pregnancy. The same finding was
noted for the association of Hb Q-Thailand with
heterozygous Hb E observed in her father who had
even higher MCV as compared with the simple
heterozygous state of Hb E in the mother. These
results indicate that co-existence of Hb Q-Thailand
with homozygous or heterozygous Hb E does not
contribute further to the severity of anemia in the
patient. The clinical phenotypic expression
observed suggests that both Hb Q-Thailand and
its derivative, the Hb QE, share similar functional
properties with Hb A.

Hematological analysis of the P2, a compound
Hb CS/Hb Q-Thailand showed more hypochromic
microcylic anemia as compared with the simple
heterozygous Hb CS (Table 1). Although, the
markedly reduced MCV and MCH values could
result from three a-globin gene defects including
the —o*?, the o and the o@TM*"ard with iron
deficiency (serum ferritin level; 2.2 ng/mL), we
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observed very similar hematological parameters at
8 months after delivery when she had normal
serum ferritin level (247 ng/ml). ldentification of
the o mutation without Hb CS in peripheral
blood of the patient was not 'unexpected. The
instability of the a“> mRNA and Hb CS molecule
can lecad to a possibility of misdiagnosis of the Hb
CS in routine Hb analysis, unless DNA analysis is
performed (15, 16, 18). We therefore recommend
DNA analyses of both a- and B-globin genes in all
cases with complex thalassemia syndrome to
obtain correct genotypes of the patients. With
this complex hemoglobinopathy, the P2 would
have only one instead of the normally present four
a-globin genes. This phenotypic expression was
consistent with that of a compound heterozygote
for a-thalassemia 2 and Hb CS observed in our
series {15). It is also noteworthy that as compared
with the other five unrelated carners of Hb
Q-Thailand, P2 had a higher proportion of Hb
Q-Thailand (49.3% vs. 25.4 + 0.4%). This higher
proportion of Hb Q-Thailand in this complex
hemoglobinopathy should most likely be related to
the effect of a-globin gene dosage and the ability
to produce Hb A from the intact a-globin genes.
In a simple heterozygous state of Hb Q-Thailand,
there are two functional a-globin genes in trans to
the Hb Q-Thailand conferring chromosome. This
should result in a higher production of Hb A as
compared with that of the P2 who had only one
normal a-globin gene and Hb Q-Thailand is
consequently reduced.

Nonetheless, this unusually high value of Hb Q-
Thailand could lead to a false prediction of a
p-chain variant and inappropriate counseling un-
less DNA analysis is performed. Many Hb variants
with similar electrophoretic mobilities or HPLC
profiles with those of Hb Q-Thailand and Hb QE
have been reported in Asian populations e.g. Hb
Tak, Hb D-Punjab, Hb S, Hb Korle-Bu, Hb Siam
and Hb G-Makassar (17-24). Interaction of these
abnormal Hbs with other hemoglobinopathies and
thalassemias can cause serious conditions (25). It is
therefore important to distinguish these Hb vari-
ants from other a and B chain variants with less or
no clinical significance. A simple and rapid method

based on the allele-specific PCR shown in Fig. 2
* would be an attractive diagnostic alternative for Hb
Q-Thailand. Unlike that previously described using
Apall and HgiAl restriction analysis (5), this
method does not require additional steps of enzy-
matic d_irEe_stion and could identify simultaneously
the @ Thaiand ryyiation as well as a linked dele-
tional «-thalassemia 2 (4.2 kb deletion) from a
single PCR reaction. The effectiveness of this
multiplex PCR approach could favor its applica-
tion for the definitive diagnosis of Hb Q-Thailand
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and Hb QE in the population and should facilitate
a prevention and control program of hemoglobino-
pathy in the region.
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observed very similar hematological parameters at
8 months after delivery when she had normal
serum ferritin level (247 ng/mL). Identification of
the «© mutation without Hb CS in peripheral
blood of the patient was not:unexpected. The
instability of the «“®> mRNA and Hb CS molecule
can lead to a possibility of misdiagnosis of the Hb
CS in routine Hb analysis, unless DNA analysis is
performed (15, 16, 18). We therefore recommend
DNA analyses of both a- and B-globin genes in all
cases with complex thalassemia syndrome to
obtain correct genotypes of the patients. With
this complex hemoglobinopathy, the P2 would
have only one instead of the normally present four
a-globin genes. This phenotypic expression was
consistent with that of a compound heterozygote
for a-thalassemia 2 and Hb CS observed in our
series (15). [t is also noteworthy that as compared
with the other five unrelated carriers of Hb
Q-Thailand, P2 had a higher proportion of Hb
Q-Thailand (49.3% vs. 25.4 £+ 0.4%). This higher
proportion of Hb Q-Thailand in this complex
hemoglobinopathy should most likely be related to
the effect of a-globin gene dosage and the ability
to produce Hb A from the intact a-globin genes.
In a simple heterozygous state of Hb Q-Thailand,
there are two functional a-globin genes in trans to
the Hb Q-Thailand conferring chromosome. This
should result in a higher production of Hb A as
compared with that of the P2 who had only one
normal a-globin gene and Hb Q-Thailand is
consequently reduced.

Nonetheless, this unusually high value of Hb Q-
Thailand could lead to a false prediction of a
B-chain variant and inappropriate counseling un-
less DNA analysis is performed. Many Hb variants
with similar electrophoretic mobilities or HPLC
profiles with those of Hb Q-Thailand and Hb QE
have been reported in Asian populations e.g. Hb
Tak, Hb D-Punjab, Hb S, Hb Korle-Bu, Hb Siam
and Hb G-Makassar (17-24). Interaction of these
abnormal Hbs with other hemoglobinopathies and
thalassemias can cause serious conditions (25). It is
therefore important to distinguish these Hb vari-
ants from other « and P chain variants with less or
no clinical significance. A simple and rapid method

based on the allele-specific PCR shown in Fig. 2
* would be an attractive diagnostic alternative for Hb
Q-Thailand. Unlike that previously described using
Apall and HgiAl restriction analysis (5), this
method does not require additional steps of enzy-
matic _irﬁf_stion and could identify simultaneously
the q@Thailand mydation as well as a linked dele-
tional o-thalassemia 2 (4.2 kb deletion) from a
single PCR reaction. The effectiveness of this
multiplex PCR approach could favor its applica-
tion for the definitive diagnosis of Hb Q-Thailand
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and Hb QE in the population and should facilitate

a prevention and control program of hemoglobino-
pathy in the region.
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PREVALENCE SURVEY AND HEMATOLOGICAL CHARACTERIZATION
OF THALASSEMIA AND IRON DEFICIENCY IN THAI PREGNANT
WOMEN ATTENDING ANC AT COMMUNITY HOSPITALS

Kanokwan Sanchaisuriya'’®, Supan Fucharoen?*, Goonnapa Fucharoen'*, Thawalwong
Ratanasiri®, Pattara Sanchaisuriya®, Wichai Ussavaphark’. Uchai Ukosanakarn®

' Graduate school,

'Department of Clinical Chemistry and
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*Centre for Research and Development in Medical Diagnostic Laboratories,
*Department of Obstetrics and Gynecology, Faculty of Medicine,

* Department of Nutrition, Faculty of Public Health, Khon Kaen University, Khon Kaen,
"Nampong Hospital, BChumpae Hospital, Thailand

OBJECTIVE

To determine the prevalence of thalassemia (including Hb E). iron deficiency and the
concomitance of thalassemia with iron deficiency in Thai pregnant women and their
hematological characteristics.

METHODS

Two hundred and forty-seven Thai pregnant women attending ANC at Nampong and
Chumpae hospitals, Khon Kaen province were recruited in the study. Hematological
parameters were determined using automated blood cell counter (Coulter STKS, USA)).
DNA samples ngre analy{;e‘g for (t®-thalassemia (SEA-type), at-thalassemia (3.7 or 4.2
kb deletion), a™~>- and " 2%5€ _gene using PCR and related methodologies. Serum fer-
ritin levels were determined by the ELISA method.

FINDINGS

As high as 59.9 % (148/247) of thalassémia with 20 genotypes was observed.The preva-
lence of iron deficiency (ferritin level < 20 ug/l) was 13.6% whereas the prevalence of
the concomitance of thalassemia with iron deficiency was 6.3%. Of the 240 pregnancies,
59 were anemic (Hb < || g/di). Among them, 86.4% (51/59) carried at least one tha-
lassemia gene. The prevalence of iron deficiency in this group was 9.1%, whereas the
concomitance of thalassemia and iron deficiency was 27.3%. Pregnancies who carried
thalassemia gene were 6.5 times (95% Cl : 3.0-14.3) more likely to have anemia than
those who had no thalassemia gene whereas that of iron deficiency were 3.2 times (95%
Cl:1.5-6.9) compared to those who had no iron deficiency. Concomitance of Hb E with
iron deficiency seemed to have no effect on Hb E levels. -

CONCLUSION

Thalassemia and iron deficiency are prevalent and play a major role on anemia in Thai
pregnant women. Because of a high prevalence of the concomitance of thalassemia and

tron deficiency, it is difficuit to use hematological parameters for differentiation berween
thalassemia and iron deficiency in this popularion.
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Effect of thalassemia genes and iron status on the screening
of thalassemia and hemoglobinopathies in pregnancy
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Objective

To determine the effect ol thalassemia genes and won status on the sereening of thalassenin
and hemoglobinepathies in pregnancy.

Methods

Three hundred and eighty-cight hlood samples taken from Thai pregnant wanien were sereened
for thalassemia and Hb IZ using & combination of a modified OF testamd o moditicd DCTP test. Serum
fermitin levels were determined by an ELISA techmque. Erythrocyte indices were imvestigated using
an automated blood cell counter (Coulier GenS: Coulter Electronies. USAL). The resulis of sereening
were evaluated with standard hemoglobin analvsis using an automated HPLC (Vanan: Bio Rad
Lahoratories, USA.) and PCR analvsis of - and B-globin genes.

Resuilts

Among the 388 pregnant women investigated. 239 (61,64 ) swere found to carry thalassemia
genes with 25 different genotypes, whereas SO (12.9¢) were iron-deficicnt t1D) pregnancies biased
on serum ferritin cut-oft value of < IS ug/l. The frequency distributions of ron deticiency 1n
non-thalassemia and thalassemia pregnancies were similar. Accosding o thalassenua sereening, the
majority (54% ) of [D pregnancies show ed a negative resultwhile all rargeted thalassemia carriers. e,
a-thalassemia, B-thulassemia and Hbh £ showed positive resulis, The sensitivity, speciliony.,
positive predictive value (PPV) and negative predictive value (NPV) of the combination of o moditied
OF test and a modified DCIP test were 100%, 88.6% , 85.9% and 100% . respectively.

Conclusion

A combination of & modified OF test and a moditicd DCIE west could be used as an eftective
primary screening for o -thalassemia. B-thatassemia and Hb E camriers in pregnancy. lron deficiency
seems 1o have no etfect on the result of screening 1est. These resulis ensare a uscfulness of the
combined screening tests for preyention and control of thalussemia and hemoglobinopathies ot the

country and other Southeast-Asian countries where laboratory facilities and econamie resources are
limited.

Keywords: thalassemia. screening, iron status, pregnangy

Selectad Refaronces

L. Fucharoen G, Sanchaisunya K. Sac-ung N, Dangwibal S, Fuchiaroen S. 2004 A simphficd scicemng
strategy for thalassemia and hacmoglobin E o ororal communities of Southeast Asia. Badf WHO
(in press).

2.

WHO/NHD/O1.3, (2001) Iron deficiency anacmia: assessment, prevention, and control. A guide for
programme managers. World Health Organization,



Abstract

2004

>

4

September 1

pan

T

a
<F

i,
e

J

aeQ




0-13

Assacuion of Hb Q- Thailand soath hommary gous HB L and hoeterozy sous BB Consrane Spring o preyinancs
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Hb Q-Thatand o 7-HEEF 3 Asp-eHas] s an abnonmal bemogtoban tound occasionally o Thataod ) Ching and otha
Southeast Asian countires Assoctanon of o 7 7 sene wath aothalassenii phenatype Taes imporant iplhications
the diagnoses of thalassemu, [ thas studs s imteractions of Hb Q Thaland with honwasa mous HS §and heterazs cous 1A
Constant Spring (Hb CSyan two wrclated Thar pregnant women e reponed. Hb aoalysis determned by hath cellolose
acctale electrophoresis and HPLC revealed addimonad abnormal hemoplobin migrated atter Hb AT wab e lesels ot
13.7% in the former and 49 34 1n the latier, Molecular anady s of ane-ghalan gene showed o GAC +CAC mutation
at codon 7400 cis to a -4 2 kb Jdelenon q-thalassenna 2 Hematological charsclerestios of the prabands and thair Gamilies
are demonstrated and compared to those of sabyects swathout Hh Q Thalland. A sunultancous simple and rapid PCR
assity based on the wllvle specitic poly merase cham reachon (ASPORY for detectiom of Hb Q-Thalaed and the -3.2 kb
deletion q-rhalassemia 2 was developed The mcthod was seried i 3 members of tw proband s Taouly, 5 additonal
unrelated subjects with this abnormal hemoglobin and 20 normal imdividuals This method <hould prove uselul m
complementing routine Hb analy s tor delintive diagnosas ot this hemaglobinopathy amd shoold Laciitate halassemiag
presentivun and control program i the region,
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Complex interaction of Hb Beajing [alpha 1A T4 Lys-Asp) and Hb L [beta 26088 Glu-Lys] with a deleuanal
alpha-thalassemu oo Tha patient,

Sunisa Chunpanich’, Kanokwan Sanchusuriva’, Goonnapa Fucharoen”. Nuow arat Kunvanone |, Supan Fecharoen

"The Graduate School. Depantmen of Clincal Chemistiy, Center for Rescarch and [2evelopiient of Moedseal Diagoosen
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Hb Bajing | a 1AL Pys—asa] © a rare Tast moving a -clunn virant fas proviousiy been desertbed i a Chinese
whereas Hb E [ b 260(B58) Glu-Lyx] is the most common b-chuan sariant among Southeast Asian, We repon u hitherio
undescribed condition in which these 1wo varants co-scgregale in a patient with a-thalassemia. The proband was o
14 yr-old Thar bay who presented with severe hypochromic nicrocstic anemia with Hb 7.0 gadl hematooni 23,6 14,
MCV 474 N MCH 13.0 pe and MCHC 29.5 g-dl, Routing cellulose acetate electrophoresis at pH 8.6 demonsaited
two abnormal Hb bands migrating between Hb A and Hb H and between Hb A and Hb B HPLC analysis wdeotdicd a
major abnormal peak at the J-window (39,15 1 and two munoe peaks at the Hb A and Hb E positions with the wnounis
of 10.3 % and 14.8 % respectively, indicating a compound heterozygonity tor Hb E and an anknown g -chain vanant.
Further DNA analysis of the proband revealed a AAG-AAT mutation at coddon te of the a 2-globin gene corresponding
to the Hb Beijing mutation in trans tu the SEA delettonal a thutassemia | He was therefore a tnpie heterosveote for
Hb Beijing/Hb Ea-thalassemia 1. Family study indicated thin hus father swas g double heterags pote tor Hb Bering and
Hb E without a -thalassemia whercas his mother was g simple curnier of o -thalassenma | The penoty pe-phenotype
celationship observed in this Tha family with comples hemogiohinopuahies is presented and o simple DN A assuy baved
on the allefe-spectic PCR approusch for detectson of Hb Beiping s demontriied
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