
Development of an ELISA strip for the detection
of α thalassemias

α thalassemia is probably the most common of all sin-
gle-gene disorders throughout the world. Most incidences
of α thalassemia arise from the deletion of one (-α) or both
(--) of the α globin genes, which are known as α+ tha-
lassemia (-α/αα) or α0 thalassemia (--/αα), respectively.1

The deletion of one α globin gene from one chromosome
and two α globin genes from the other chromosome
leads to HbH disease (-α/--), which is a severe form of α
thalassemia. The most severe form of α halassemia is Hb
Bart’s hydrops fetalis syndrome, where both α globin
genes are deleted (--/--). Previous diagnoses of various
types of α thalassemia have been based on clinical pic-
tures, hematologic parameters, and percent of Hb Bart’s.
DNA technology enabled the diagnosis of all different
forms of α thalassemia; however, this technology is only
available in relatively sophisticated laboratories. More
commonly, the differential diagnosis of various types of α
thalassemia is determined by measurement of the per-
centage of Hb Bart’s, which is only semi-quantitative.1

In previous studies, we produced a highly specific mAb
against Hb Bart’s, and we developed a corresponding
ELISA assay that was able to determine quantitatively
the level of Hb Bart’s (ng/mL) in hemoglobin solutions
of various types of α thalassemia.2,3 In this report, we
describe the development of a simple ELISA strip (Figure
1) for the detection of Hb Bart’s, with the goal of produc-
ing a convenient, inexpensive, and dependable assay for
the screening of α thalassemia.
The participants in this study included 105 subjects

from 39 families with HbH disease, 131 pregnant
women, and 58 PCR-genotyping negative for α tha-
lassemia. The study was approved by the Institutional
Ethics Committee (file no. 275/2549). Analysis by PCR
genotyping revealed that for the 105 subjects from the
families with HbH disease, 41 had HbH disease, 33 had
α0 thalassemia, 12 had α+ thalassemia (-3.7 kb), and 19
were heterozygous HbCS; for the 131 pregnant women,
8 had HbH disease, 18 had α0 thalassemia, 27 had α+ tha-
lassemia (-3.7 kb), 2 had α+ thalassemia (-4.2 kb), and 7
were heterozygous HbCS.4-7 In contrast, PCR genotyping
of all 58 normal subjects were negative for α thalassemia.
When the ELISA strip was used to detect Hb Bart’s in the
105 subjects from the families with HbH disease, all were
positive. There were 56 out of 131 pregnant women pos-
itive to the ELISA strip, while 62 out of 131 subjects were
positive by PCR genotyping. Among all 294 subjects, the
49 with HbH disease and the 51 with α0 thalassemia were
all positive to the ELISA strip (i.e., 100% detection). Of
39 having α+ thalassemia (-3.7 kb), 30 (76.9%) were pos-
itive to the ELISA strip. Of 2 having α+ thalassemia (-4.2
kb), both were positive to the ELISA strip. Of 26 having
heterozygous HbCS, 24 (92.3%) were positive to the
ELISA strip. The ELISA strip was evaluated for its sensi-
tivity, specificity, predictive value of a positive test, and
predictive value of a negative test by the 2x2 table,8

which gave 93.4, 93.7, 95.1 and 91.5%, respectively, as
shown in Table 1. There were 8 samples positive by the
ELISA strip that could not be genotyped by PCR. These
samples might actually be negative for α thalassemia, or
they might be positive for some types of α thalassemia
that cannot be detected by the PCR genotyping used in
this study because there were at least 29 deletions that
involve both α globin genes.1

The erythrocyte osmotic fragility test (OFT) has been

suggested as a simple screening method for α0 tha-
lassemia and β thalassemia.9,10 When the OFT was com-
pared with PCR genotyping, the sensitivity, specificity,
positive predictive value, and negative predictive value of
the OFT were 97.7, 74.9, 29.4, and 99.7%, respectively.10

In parts of the world where the incidence of tha-
lassemia is high, the disease causes a tremendous eco-
nomic loss for the society as a whole. Therefore, the
development of an easily performed and efficient screen-
ing program can be readily justified. 
The results presented here, which compare our ELISA

strip method to standard PCR genotyping of α tha-
lassemia, demonstrate that the ELISA strip is highly sen-
sitive and highly specific, with excellent predictive values
of both positive and negative tests. The ELISA strip test
is simple, inexpensive, and requires no sophisticated
equipment or expertise. Consequently, it can be readily
conducted in small diagnostic laboratories. Given these
considerations in their entirety, we wish to promote the
ELISA strip as a screening test for the detection of α tha-
lassemia in the general population.
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Table 1. Comparison of the ELISA strip and PCR genotyping of α
thalassemia.

Number of Types of PCR ELISA Strip 
subjects* α thalassemia Genotyping +ve** -ve*** %positive 

49 HbH disease --/-α 49 0 100.0
51 α0 thalassemia --/αα 51 0 100.0
39 α+ thal (-3.7 kb) -α3.7/αα 30 9 76.9
2 α+ thal (-4.2 kb) -α4.2/αα 2 0 100.0
26 Heteroz. HbCS ααcs/αα 24 2 92.3
127**** Normal αα/αα 8 119 6.3

*Number of subjects positive by PCR genotyping=167 (156 positive but 11 negative
by ELISA strip). **Number of subjects positive by ELISA strip = 164 (156 positive
but 8 negative by PCR genotyping). ***Number of subjects negative by ELISA
strip=130 (119 negative but 11 positive by PCR genotyping). ****Number of sub-
jects negative by PCR genotyping = 127 (119 negative but 8 positive by ELISA
strip). Sensitivity =156×100/156+11=93.4%; specificity=119×100/119+8=93.7%;
predictive value of a positive test (PV+)=156×100/164=95.1%; predictive value of a
negative test (PV–)=119×100/130=91.5%. 

Figure 1. Examples of
the ELISA strip for the
detection of Hb Bart’s
in hemoglobin solu-
tion of various types
of α thalassemia. The
ELISA strip was posi-
tive when a purple cir-
cle was observed on
the membrane, and
negative when no pur-
ple circle was
observed on the
membrane. Sample
control means the
ELISA strip being
treated with all
reagents except the
hemoglobin solution.



3Graduate Program in Biomedical Sciences, Faculty of Allied Health
Sciences, Thammasat University, Pathumthani 12121, Thailand 
Funding: this work was supported by a grant from the National
Center for Genetic Engineering and Biotechnology, National Science
and Technology Development Agency, and the Faculty of Medicine
Endowment Fund, Faculty of Medicine, Chiang Mai University,
Thailand. 
Acknowledgments: The authors would like to thank Professor
Dr. T. Randall Lee, University of Houston, Texas, USA for revising
our manuscript.
Keywords: α thalassemia, Hb Bart’s, ELISA strip, monoclonal anti-
body
Correspondence: Luksana Makonkawkeyoon, 
Department of Biochemistry, Faculty of Medicine, Chiang Mai
University, Chiang Mai 50200, Thailand. Phone: international
+66.53.945323 ext. 216. Fax: international 66.53.894031.
E-mail: lmakonka@mail.med.cmu.ac.th
Citation: Makonkawkeyoon L, Pharephan S, Sirivatanapa P,
Tuntiwechapikul W, and Makonkawkeyoon S. Development of
an ELISA strip for the detection of α thalassemia. Haematologica.
2010; 95(1):338-339. doi: 10.3324/haematol.2009.016592

References

1. Weatherall DJ, Clegg JB. The Thalassaemia Syndromes. 4th ed.
Oxford, England: Blackwell Science Ltd; 2001. 

2. Makonkawkeyoon L, Pharephan S, Makonkawkeyoon S.
Production of a mouse hybridoma secreting monoclonal anti-
body highly specific to hemoglobin Bart’s (γ4). Lab Hematol.
2006;12(4):193-200.

3. Makonkawkeyoon L, Pharephan S, Tuntiwechapikul W, Makon -
kawkeyoon S. Application of monoclonal and polyclonal anti-
bodies to Hb Bart’s for the detection of α thalassemias. The
Open Hematol J. 2009;3:11-7.

4. Bowden DK, Vickers MA, Higgs DR. A PCR-based strategy to
detect the common severe determinants of α-thalassemia. Br J
Haematol. 1992;81(1):104-8.

5. Smetanina NS, Huisman TH. Detection of α-thalassemia-2 (-3.7
kb) and its corresponding triplication ααα (anti-3.7 kb) by PCR:
an improved technical change. Am J Hematol 1996;53(3):202-3.

6. Baysal E, Huisman TH. Detection of common deletional α-tha-
lassemia-2 determinants by PCR. Am J Hematol. 1994; 46(3):208-
13.

7. Makonkawkeyoon L, Sanguansermsri T, Asato T, Nakashima Y,
Takei H. Rapid detection of chain termination mutations in the
α-2 globin gene. Blood. 1993;82(11):3503-4.

8. Dawson B, Trapp RG. Basic & Clinical Biostatistics. 4th ed.
International edition. Singapore: McGraw-Hill; 2004. 

9. Sanguansermsri T, Phumyu N, Chomcuen S, Steger F. Screening
for α-thalassemia-1 heterozygotes in expecting couples by the
combination of a simple erythrocyte osmotic fragility test and a
PCR-based method. Commun Genet. 1999;2(1):26-9.

10. Sirichotiyakul S, Tantipalakorn C, Sanguansermsri T, Wanapirak
C, Tongsong T. Erythrocyte osmotic fragility test for screening of
α-thalassemia-1 and β-thalassemia trait in pregnancy. Int J
Gynecol Obstet. 2004;86(3):347-50. 

Treatment with mycophenolate mofetil followed
by recombinant human erythropoietin in patients
with low-risk myelodysplastic syndromes
resistant to erythropoietin treatment

Anemia is present in most patients with low-risk MDS
(LR-MDS).1 Supportive treatment with transfusions was
the final outcome of most of them, and transfusion-
dependency is a prognostic factor for poor survival.2 A
number of studies have demonstrated that, overall, one
third of LR-MDS responded to growth factor treatment. A
score system was developed3 which, according to transfu-
sion requirements and serum erythropoietin levels, identi-

fies cases with high or low probability of response.3,4 One
important aspect is that the response to growth factors is
not maintained, with a median duration of 24 months.
However, only 20% of patients had a response which last-
ed more than four years.5

One important aspect, frequently forgotten, is that
many LR-MDS are elderly handicapped patients. In fact,
the number of patients lost during treatments was as high
as 20% in studies using Epo+/-G-CSF-G, which only
required subcutaneous injections.3,4

Immunological disturbances have been proposed to be
among the mechanisms involved in MDS pathogenesis. As
in aplastic anemias, in MDS abnormal SMD stem cells trig-
ger an immunological cellular response which in turn
attacks abnormal stem cells causing more damage to the
remaining stem cells. This finding is probably the physio-
logical basis for anti-lymphocytic gammaglobulin +/-
cyclosporine responses.6 In MDS patients with trisomy 8,
an expansion of a number of CD8 T-lymphocyte reper-
toires have been demonstrated, suggesting their involve-
ment in the pathogenesis of MDS. In patients with refrac-
tory anemia, HLA-DR 15 and trisomy 8, the rate of
response was 70%.7,8 However, the immunosuppressive
treatment is not well tolerated and requires hospital
admission.9

The purpose of this work was to rescue LR-MDS
patients who had lost their response to Epo, or to treat
patients with low probability of response to Epo using the
Scandinavian Score.3 A therapeutical approach using
sequentially immunosuppresion and growth factors was
investigated. Mycophenolate mofetil and prednisone were
used as immunosuppression because mycophenolate
mofetil is given orally and is very well tolerated.10

The trial scheme (www.clinicaltrials.gov. Identifier:
ML20559) used mycophenolate mofetil (Cell Cept) 1 g
twice a day orally and oral prednisone 0.5 mg/Kg/d taper-
ing prednisone to 10 mg/d. Mycophenolate mofetil and
prednisone 10 mg were maintained to the end of the
study. Response was evaluated at 12 weeks. In patients
without major erythroid response, subcutaneous 30,000
U/week of recombinant human erythropoietin beta
(Neorecormon) was added during six weeks. This was
increased to 60,000 U/week in case of no major response
following the IWG criteria.11

A total of 10 patients were treated (Table 1), including 8
cases that had received erythroid stimulating agents and
had lost their response and 2 with high levels of serum
erythropoietin. Seven of them were under transfusions. In
one case the treatment was stopped because of pneumo-
nia at two weeks. In 5 out of the 9 remaining cases, a
response was observed; in 3 this was a major response (in
one case under transfusions at the end of the study Hb
was 96 g/L without transfusions, in one case with initial
Hb of 81 g/L, Hb was 109 g/L after treatment, and in a case
under transfusion final Hb was 97 g/L without transfu-
sions). A minor response was seen in 2 patients (in one
case the amount of transfusions was reduced from 6
units/month to 2 units, and in one case without transfu-
sions Hb increased from 85 g/L to 101 g/L). Treatment was
well-tolerated; 3 cases showed grade 1-2 diarrhea, in one
case with diabetes mellitus an increase in diabetes treat-
ment was required, and one case was admitted to hospital
due to pneumonia. 
In spite of the low number of cases included, this treat-

ment with oral immunosuppresion followed by addition
of growth factors, as antiapoptotic agents, obtained a good
rate of response. It is worth remembering that the cases
included were patients with few alternative treatments.
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