
วารสารเทคนิคการแพทย์ ปีที่ 46 ฉบับที่ 1 เมษายน 2561 นิพนธ์ต้นฉบับ

การประเมินผลการตรวจกรองธาลัสซีเมียและฮีโมโกลบิน อี 

ในโรงพยาบาลชุมชน

ยุพิน โจ้แปง* รวิวรรณ พวงพฤกษ์ ปริพัส เนตรนี และ กาญจน์ทิชา นามพิมาย

ศูนย์อนามัยที่ 9 นครราชสีมา 177 หมู่ 6 ตำาบลโคกกรวด อำาเภอเมือง จังหวัดนครราชสีมา

 

บทคัดย่อ
งานวจิยันีเ้ปน็การศกึษาเชงิพรรณนาแบบศกึษาขอ้มลูยอ้นหลงั มวีตัถปุระสงคเ์พือ่ประเมนิการ

ใชเ้กณฑอ์า้งองิของประเทศในการตรวจกรองธาลสัซเีมยีและฮโีมโกลบนิ อ ีในหญงิตัง้ครรภแ์ละคูส่มรส

ของโรงพยาบาลภาครัฐ (ค่า MCV < 80 fL และ MCH < 27 pg ร่วมกับการตรวจกรองฮีโมโกลบิน อี 

โดยการตกตะกอนด้วยดีซีไอพี) เปรียบเทียบกับวิธีมาตรฐาน ได้แก่ การตรวจหาชนิดและปริมาณ 

ฮีโมโกลบิน และการตรวจดีเอ็นเอ กลุ่มตัวอย่างเป็นตัวอย่างเลือดหญิงตั้งครรภ์และสามี จำานวน  

7,615 ราย ที่ใหผ้ลบวกกบัการตรวจกรองเบือ้งตน้ และฝากครรภ ์ณ คลนิกิฝากครรภ ์โรงพยาบาลชมุชน 

63 แห่ง ใน 4 จังหวัด ของภาคตะวันออกเฉียงเหนือ ได้แก่ จังหวัดนครราชสีมา ชัยภูมิ บุรีรัมย์ และ

สุรินทร์ โดยตรวจกรองพาหะ α0-thalassemia และพาหะ β-thalassemia ในตัวอย่างเลือด 7,615 

ตัวอย่าง ด้วยเครื่องวิเคราะห์เม็ดเลือดอัตโนมัติ 9 ยี่ห้อ และ ตรวจกรองฮีโมโกลบิน อี ในตัวอย่างเลือด 

6,382 ตัวอย่าง โดยการตกตะกอนด้วยดีซีไอพี เมื่อเปรียบเทียบผลการตรวจกรองกับวิธีมาตรฐาน 

พบว่าเกณฑ์อ้างอิงของประเทศที่ใช้ค่า MCV < 80 fL และ MCH < 27 pg สามารถใช้ได้กับเครื่อง

วิเคราะห์เม็ดเลือดอัตโนมัติ ยี่ห้อ Coulter DxH500 ยี่ห้อ Coulter LH780 ยี่ห้อ Dirui BF 6800 ยี่ห้อ 

Pentra ES60 ยี่ห้อ Pentra XL80 ยี่ห้อ Cell-Dyn Ruby ยี่ห้อ Sysmex XN- 1000i และยี่ห้อ Sysmex 

XS-800i แต่มีตัวอย่างเลือดพาหะ β+-thalassemia จำานวน 1 ตัวอย่าง ที่ตรวจวิเคราะห์ด้วยเครื่องยี่ห้อ 

Mindray BC6800 มีค่า MCV > 80 fL และ MCH > 27 pg อย่างไรก็ตามไม่สามารถระบุได้ชัดเจนว่า  

ค่า MCV< 80 fL และ MCH < 27 pg ใช้กับเครื่องยี่ห้อ Mindray BC6800 ไม่ได้ เนื่องจากจำานวน

ตัวอย่างที่พบเพียง 1 ตัวอย่าง ไม่สามารถแสดงความน่าเชื่อถือของข้อมูลได้ ส่วนการตรวจกรอง Hb E 

โดยการตกตะกอนดว้ยดซีไีอพ ีพบค่าการทำานายผลบวก คา่การทำานายผลลบ และคา่ความถกูตอ้ง เทา่กบั

ร้อยละ 93.8 83.2 และ 89.5 ตามลำาดับ ซึ่งปัจจัยที่มีผลต่อการแปลผลผิดพลาด คือบุคลากรห้องปฏิบัติการ

ขาดความรู้และทักษะในการอ่านผล และห้องปฏิบัติการขาดระบบควบคุมคุณภาพที่ดีเพียงพอ ผลการ

ศึกษาครั้งนี้สรุปได้ว่าการตรวจกรองธาลัสซีเมียโดยใช้ค่าดัชนีเม็ดเลือดแดงร่วมกับการตรวจ Hb E  

ในกลุม่หญงิตัง้ครรภแ์ละสาม ีตามแนวทางการตรวจกรองธาลสัซเีมยีของประเทศ หอ้งปฏบิตักิารแตล่ะ
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แหง่ควรใส่ใจเกีย่วกบัผลลบลวง และควรมรีะบบการควบคุมคณุภาพทีด่ ีนอกจากนีบุ้คลากรผูร้บัผดิชอบ

การตรวจกรองควรได้รับการอบรมอย่างสม่ำาเสมอเพื่อเพิ่มขีดความสามารถในการปฏิบัติงานได้อย่าง 
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Abstract
The purpose of this retrospective descriptive study was to evaluate the use of mean  

corpuscular volume (MCV) values less than 80 fL and mean corpuscular hemoglobin (MCH) 

values less than 27 pg combined with the dichlorophenolindophenol test (DCIP test) in a  

national screening protocol for thalassemia and hemoglobin E (Hb E) screening of pregnant 

women and their partners in community hospitals. The interpreted results were compared with 

the results obtained from Hb typing and DNA analysis for α0-thalassemia and β-thalassemia  

as gold standard. Study participants consisted of 7,615 Thai pregnant women and their partners 

who were positive on the preliminary screening and attending antenatal care services in 63  

community hospitals of the 4 provinces; Nakhon Ratchasima, Chaiyaphum, Buriram, and Surin. 

The 7,615 blood samples were initially screened for α0-thalassemia and β-thalassemia by  

using 9 different hematology analyzers. A total of 6,382 blood samples were tested for the  

presence of Hb E by using DCIP kit. The screening results were compared with the results of 

Hb typing and DNA analysis. The study reveals that the Coulter DxH500, Coulter LH780, Dirui 

BF 6800, Pentra ES60, Pentra XL80, Cell-Dyn Ruby, Sysmex XN-1000i, and Sysmex XS-800i 

could be used to detect α0-thalassemia and β-thalassemia with the reference cutoff values of 

MCV < 80 fL and MCH < 27 pg, but only one sample of β+-thalassemia with MCV > 80 fL and 

MCH > 27 pg was detected by Mindray BC6800. However, this did not indicate that the cutoff 

values of MCV< 80 fL and MCH < 27 pg were not suitable for Mindray BC6800 as only one 

sample might not represent significant data. Hb E screening with DCIP test revealed 93.8% 

positive predictive value, 83.2% negative predictive value and 89.5% accuracy. It was also found 

that the factors affecting the misinterpretation were the lacking of knowledge and interpretation 

skill of laboratory personnel and insufficiency of quality control systems of the laboratories. 

Based on these results, using the combined test of blood indices and Hb E screening for pregnant 

women and their partners following the national screening protocol, all clinical laboratories 
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should be concerned over false negative results and the proper quality control system. Moreover, 

personnel who are responsible for the screening should get a competent training.

Keywords: Thalassemia and Hb E screening, Hematology analyzers, Reference cutoff values
*Corresponding author E-mail address: jopang08@gmail.com
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Introduction
Thalassemia and hemoglobinopathies 

are the most common inherited disorders of 
hemoglobin (Hb) synthesis and represent a 
major public health problem in Thailand. It is 
estimated that 30 to 40% of the population are 
carriers and about 1% of the population have 
the diseases.(1) The Ministry of Public Health 
established a national program for prevention 
and control of thalassemia in 1994. The goal 
of this program is to reduce the number of births 
with major thalassemia diseases including  
Hb Bart’s hydrops fetalis, homozygous 
β-thalassemia, and β-thalassemia/Hb E.  
All pregnant women and their partners have 
the right to be screened for thalassemia without 
having to pay under the Total Health Care 
Policy. The government hospitals and private 
hospitals give basic services in detecting at risk 
couples before a child is born. Therefore, the 
people included in the prevention and control 
program are carriers of α0-thalassemia, 
β-thalassemia, and Hb E.(2)

In Thailand, a national screening  
protocol for thalassemia and Hb E in pregnant 
women follows conventional guidelines. It 
relies on hematologic index cutoff values with 
mean corpuscular volume (MCV) less than  
80 fL or mean corpuscular hemoglobin (MCH) 
less than 27 pg using an automated blood cell 
counter combined with the dichlorophenolin-
dophenol (DCIP) precipitation test. Individuals 
with positive results should be examined further 
to confirm the diagnosis of α0-thalassemia, 
β-thalassemia, and Hb E through Hb analysis 

and DNA analysis.(3, 4) However, currently 
clinical laboratories use various types of  
hematology analyzers and Hb E screening by 
the DCIP test. This requires highly skilled 
laboratory personnel. The objective of this study 
was to evaluate the use of MCV < 80 fL and 
MCH < 27 pg combined with DCIP test for 
thalassemia and Hb E screening of pregnant 
women and their partners in community  
hospitals compared with the gold standard.

Materials and Methods
Subjects

A total of 7,615 fresh EDTA- anti-
coagulated blood samples of pregnant Thai 
women and their partners were collected at 
antenatal care clinics from October 2015 to 
February 2017 from 63 community hospitals 
in the 4 provinces; Nakhon Ratchasima,  
Chaiyaphum, Buriram, and Surin provinces in 
northeast Thailand and were screened for 
thalassemia. We used hematology analyzers for 
screening of α0-thalassemia and β-thalassemia 
and KKU-DCIP-Clear reagent kits for Hb E. 
The screening was done by technicians at the 
clinical laboratories in the community hospitals 
within 24 hours after the blood samples were 
drawn. All blood samples that were positive at 
the preliminary screening were transferred on 
ice to our laboratory at the Regional Health 
Promotion Center 9, Nakhon Ratchasima for 
further confirmation with Hb typing and  
real-time gap PCR with SYBR Green I and 

high resolution melting (HRM) analysis.
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Hematologic Analysis 

A total of 7,615 fresh EDTA-antico-

agulated blood samples were determined red 

blood cell count indices using the 9 different 

hematology analyzers as summarized in  

Table 1. 

Table 1  RBC indices of 7,615 EDTA-anticoagulated blood samples determined by using the  

9 different hematology analyzers

Hematology 

analyzer

Total blood 

samples (%)

Number of blood samples of 3 thalassemia genotypes

Heterozygous 

α0-thal

Heterozygous 

β-thal
Others

Coulter DxH500 302 (4.0 %) 6 (1.8 %) 5 (3.2 %) 291 (4.1%)

Coulter LH780 807 (10.6 %) 48 (14.3 %) 33 (21.0 %) 726 (10.2%)

Dirui BF 6800 425 (5.6 %) 14 (4.2 %) 6 (3.9 %) 405 (5.8%)

Mindray BC6800 1,381 (18.1 %) 67 (19.9 %) 31 (19.7 %) 1,283 (18.0%)

Pentra ES60 915 (12.0 %) 41 (12.2 %) 18 (11.5 %) 856 (12.0%)

Pentra XL80 937 (12.3 %) 55 (16.4 %) 17 (10.8 %) 865 (12.1%)

Sysmex XN1000i 453 (6.0 %) 21 (6.2 %) 9 (5.7 %) 423 (5.9%)

Sysmex XS-800i 1,807 (23.7 %) 71 (21.1 %) 26 (16.6 %) 1,710 (24.0%)

Cell-Dyn Ruby 588 (7.7%) 13 (3.9%) 12 (7.6%) 563 (7.9%)

Total 7,615 (100%) 336 (100%) 157 (100%) 7,122 (100%)

Hb E screening

A total of 6,382 fresh EDTA-antico-

agulated blood samples were analyzed by using 

Hb E screening with KKU-DCIP-Clear reagent 

kits (PCL Holding, Bangkok, Thailand),  

following the manufacturer’s protocol as  

described.(5) 

Hb analysis

Hb patterns and levels were determined 

using an automated high performance liquid 

chromatography system (Variant, Bio-Rad 

Laboratories, Hercules, CA).(6) This cation-

exchange column chromatography generates 

chromatogram and area percentage of Hb A
2
, 

Hb E, Hb F and abnormal hemoglobins.  

However, Hb A
2
 and Hb E were eluted by two 

phosphate buffers that differ in pH and ionic 

strength at the same window. Samples with Hb 

A
2
 levels 3.6%-9.0% were β-thalassemia trait 

while the values of Hb A
2
 levels higher than 

9.0% were diagnosed as Hb E.
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DNA analysis

Genomic DNA was prepared from 

peripheral blood leukocytes using QIA amp® 

DNA Mini Kit (QIAGEN GmbH, QIAGEN 

Strasse1, Hilden, Germany), according to the 

manufacturer’s instruction. Identification of 

α0-thalassemia (SEA deletion and Thai  

deletion) was performed using the real-time 

gap PCR with SYBR Green I and high resolu-

tion melting (HRM) analysis as described 

elsewhere.(7) Common β-thalassemia muta-

tions in Thailand were also performed in 

samples with Hb A
2
 level exceeding 3.5% 

using the real-time gap PCR with SYBR Green 

I and high resolution melting (HRM) analysis.(8) 

Statistical Analysis

Descriptive statistics such as mean and 

SD were used to describe hematologic features 

of the subjects. To evaluate the effectiveness 

of Hb E screening, a positive predictive value, 

negative predictive value and accuracy were 

calculated. The results of Hb analysis and DNA 

analysis were used as “gold standards”.

Results
The results of thalassemia genotyping 

and hematologic characteristics of 7,615  

pregnant women and their partners are  

summarized in Table 2. From the 7,615 cases, 

5,347 (70.2%) were found to carry thalassemia 

or hemoglobinopathies. In the former group, 

16 thalassemia genotypes were observed.  

The three targets of the prevention and control 

thalassemia program were 336 (4.4%) of  

α0- thalassemia t ra i t ,  157 (2.1%) of 

β-thalassemia trait, and 3,144 (41.2%) of Hb 

E trait. As expected, the most common genotype 

was Hb E, although co-inheritance with other 

thalassemia genotypes were also observed. The 

reference cutoffs of MCV < 80 fL and MCH 

< 27 pg for screening α0-thalassemia were 

used for all of the 9 different hematology  

analyzers. One case of β+-thalassemia trait 

(nucleotide-31 mutation) was found using 

Mindray BC6800 to be 81 fL for MCV and 

27.5 pg for MCH and another case of  

β0-thalassemia trait (codon 95) was also found 

using Cell-Dyn Ruby to be 83.5 fL for MCV 

and 24.7 pg for MCH. The data are shown in 

Fig. 1, and  Fig. 2. For the Hb E screening with 

DCIP test, positive predictive value, negative 

predictive value and accuracy were 93.8%, 

83.2%, and 89.5%, respectively (Table 3).

Discussion
Based on these results, 16 thalassemia 

genotypes were identified in this group of 

pregnant Thai women and their partners. From 

all blood samples that were positive at the 

preliminary screening, marked reduction in 

MCV and MCH values were observed in the 

group of non-clinically significant thalassemia 

with the mean MCV of 76.7 fL and MCH of 

25.2 pg. Sanchaisuriya et al. showed that 

women with mild forms of thalassemia,  

α+-thalassemia, Hb CS, and Hb Pakse could  

generate a value of MCV and MCH lower than 
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KKU-DCIP-Clear test
Hb Typing

Total
Hb E Non Hb E

Positive 3,573 237 3,810

Negative 430 2,142 2,572

Total 4,003 2,379 6,382

Table 3 Positive predictive value, negative predictive value and accuracy of Hb E screening using 

KKU-DCIP-Clear test in 6,382 pregnant women and their partners

positive predictive value = 3,573 x 100 / 3,810 = 93.8 %

negative predictive value = 2,142 x 100 / 2,572 = 83.2 %

accuracy = 5,715 x 100 / 6,382 = 89.5 %

those in women without thalassemia.(9)  

However, those carriers, of which there are a 

high prevalence in this geographic area(10) were 

not identified because they are not the targets 

for the prevention and control of thalassemia 

program in Thailand. They were included in 

the non-clinically significant thalassemia 

group. Therefore, it is possible that some blood 

samples in this group were a mild form of  

α+-thalassemia carriers that leads to the low 

value of MCV and MCH. As expected, Hb  

E was the most common hemoglobinopathy 

which confirms a high prevalence in  

Southeast Asia, especially in the northeast of  

Thailand.(5, 11)

The goal of screening thalassemia and 

Hb E for pregnant women and their partners 

in Thailand is to offer carrier testing in detect-

ing at risk couples before a child is born. The 

screening of α0-thalassemia, β-thalassemia 

are based on cutoff values for MCV and MCH 

by hematology analyzer and Hb E screening 

by DCIP test. Couples with low MCV (< 80 fL) 

and low MCH (< 27 pg) or positive DCIP test 

have further investigation using electrophoresis 

or HPLC or DNA analysis. Therefore, false 

negative results of screening should be a  

concern, because if a pregnant woman is found 

to be non-thalassemia or non-clinically  

significant thalassemia, it is not necessary to 

call for screening in her partner. Due to the fact 

that “silent” β-thalassemia trait with normal 

MCV (> 80 fL) has been reported in other 

countries(12 )and currently clinical laboratories 

use various types of hematology analyzers, 

appropriate cutoff values of MCV and MCH 

of each analyzer should likely be regarded 

before application. The present study reveals 

that the reference cutoff values of MCV< 80 fL 

and MCH < 27 pg could be used for the  

Coulter DxH500, Coulter LH780, Dirui BF 

6800, Pentra ES60, Pentra XL80, Cell-Dyn 
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Fig. 1  The MCV and MCH values of β–thalassemia trait (n=157) were analyzed by 9 different 

hematology analyzers.

Fig. 2  The MCV and MCH values of α0–thalassemia trait (n=336) were analyzed by 9 different 

hematology analyzers.
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Ruby, Sysmex XN- 1000i, and Sysmex XS-

800i but only one out of 31 samples of  

β+-thalassemia trait with MCV > 80 fL and 

MCH > 27 pg was detected by Mindray BC6800.  

In order to define these results, retrospective 

internal quality control of the hematology  

analyzer was carried out at the community 

hospital. The data showed that the technician 

runs the 3 controls of low, normal, and high 

levels every morning prior to the release of 

patient results. The control values were shown 

to be within acceptable limits and the regular 

maintenance of the equipment was performed. 

In addition, thalassemia screening protocol in 

this laboratory does not follow the national 

guideline. The protocol consisted of the  

combined one tube osmotic fragility test (OF 

test), MCV and MCH, and DCIP test. The blood 

sample in question gave positive result with 

OF test and was allowed to continue for further 

investigation. However, this does not indicate 

that the cutoffs of MCV < 80 fL and MCH  

< 27 pg are not suitable for Mindray BC6800 

machine because a previous study showed that 

a combined MCV, MCH, and DCIP protocol 

and a combined OF and DCIP protocol  

produced the same results of 100% sensitivity 

and 100% negative predictive value. No false 

negative results for 3 target forms of  

α0-thalassemia, β-thalassemia and Hb E  

could be detected with those protocols.(9) More-

over, only one sample might not represent 

significant data. This could be due to machine 

errors during the day the sample was performed. 

The limitation has been recognized and our 

inferences would have been stronger had we 

determined prospectively RBC indices using 

the 9 different hematology analyzers with the 

same specimens and equal sample sizes. In 

addition, one other case of β-thalassemia trait 

was found, using Cell-Dyn Ruby, to be 83.5 

fL for MCV and 24.7 pg for MCH similar to 

the results reported by other investigators.(13)

For Hb E screening, many Hb E  

carriers were found to have MCV above 80 fL. 

Thus, the national guideline consisting of a 

combination of MCV and MCH with the DCIP 

test instead of MCV only was used. It was found 

that approximately 10.7% of the Hb E cases 

using KKU-DCIP-Clear test would have been 

false negative results which were different from 

previous findings that the KKU-DCIP-Clear 

test for screening Hb E had 100% negative 

predictive values.(9) To clarify the findings, we 

visited the work at the site of the 8 hospitals. 

One volunteer laboratory staff member from 

each hospital was tested on their knowledge of 

Hb E screening and problems related to the 

screening procedure by questioning and  

observation during practices. The major factor 

affecting the misinterpretation was identified 

to be the laboratory personnel; 4 participants 

were defined as lacking knowledge of the 

principle and precautions of the test and 6 

participants lacked the skill to read by naked 

eye. In addition, 6 hospitals were defined as 

not having positive and negative control 

samples coexisting with the testing samples. 
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On the other hand, the 2 hospitals that have 

internal quality control used homozygous Hb 

E as a positive control instead of heterozygous 

Hb E. These findings were similar to the results 

obtained by Wanthong et al. that the false 

negative results of Hb E screening were due to 

insufficiency of the quality control system.(14)

Conclusions
Based on these results, using the  

combined test of blood indices and Hb E  

screening for pregnant women and their partners 

following a national screening program for 

prevention of thalassemia, all clinical  

laboratories should be concerned over false 

negative results. Personnel who are responsible 

for the screening should be retrained and a 

quality control system should be established, 

especially, quality control for Hb E screening 

is needed to standardize and maintain the  

quality of screening.
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