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Red Blood Cell Indices as a Primary Tool for Carrier

Screening of Thalassemia & E Disease in Pregnancy
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Abstract

Backgrounds: & thalassemia major and Hemoglobin (Hb) E-f3 thalassemia appears as a
significant threat for the health status of a country including Bangladesh. Pregnancy is a state
when many women come for antenatal care and complete blood count (CBC) is done as a
routine test. The component of this test the red blood cell (RBC) indices include mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC). These measure the size, shape, and physical
characteristics of the RBC and can be utilized as a first round screening tool for carrier
screening of defective Hb and then subjected to diagnostic testing i.e. Hb-electrophoresis
which is a costly and not readily available test in all health facilities. The cutoff value at which
the RBC indices are most sensitive and specific for the subsequent diagnostic test was the
main objective of this study.

Method: This cross sectional study was conducted from January 2023 to July 2023 among
pregnant women attended for antenatal care between 10-18 weeks of gestation in the Out
Patient Department (OPD) of Fetomaternal Medicine Department of Bangabandhu Sheikh
Mujib Medical University. After getting the complete blood count (CBC) report by convenient
sampling 112 pregnant women were selected whose MCYV value was < 80fl and were subjected
to Hb-Electrophoresis to detect defective Hb i.e. a thalassemia and E trait.

Result: Cut off value of MCV for detection of defective Hb was 75.1 fl with the sensitivity
81.8% and specificity 64.3%. For MCH best cut off point was 23.5pg with the sensitivity
72.7%% and specificity 62.9%.

Conclusion: During pregnancy RBC indices showing MCV <75 fl and/or MCH <23.5pg should
be advised for Hb Electrophoresis for detection of defective Hb in the form of thalassemia
trait, E trait or E disease.
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Introduction: structural haemoglobin (Hb) variants and the
Inherited disorders of abnormal or defective hemoglobin ~ Thalassemia. Among the thalassemia’s, -thalassemia
synthesis is one of the commonest single gene  is quantitative defect in production of 3-globin chains of
disorders and commonly fall into two groups; the Hb due to mutation on 3-globin (HBB) gene resulting in
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insufficient (3*—B**) or absent (B°) synthesis of B-globin
chain. B-thalassaemia trait is the carrier state with one
defective or missing beta gene. When there is co-
inheritance of a B-thalassaemia trait from both parent,
the offspring has 25% chance of becoming thalassemia
major. On the other hand structural Hb variants occurs
due to substitution of single amino acid of either o. or 3
chain of Hb.! Among 700 structural hemoglobin variants,
Hemoglobin E disease (HbE) is extremely common
and occurs at high frequencies throughout Asian
countries including Bangladesh. In HbE, at position 26
of beta chain of Hb there is a change in the amino acid
sequence, from glutamic acid to lysine.2 When there
is co-inheritance of B-thalassaemia trait from one parent
and the HbE trait from the other parent there is 25%
chance to have Hb E/B-thalassaemia in the offspring
which often produce features similar to p-thalassaemia
major. Worldwide, Hb-E/B-thalassaemia represent
approximately 50 per cent of those affected with severe
beta thalassaemia.’

& thalassemia major and HbE-f thalassemia appears
as a significant threat for the health status of a country
and is a public health concern. Southeast Asia, are
considered as part of the ‘world thalassaemia belt’.
Being part of this Bangladesh appears as a highly
prevalent zone for thalassemia.* Study shown the
number of patients suffering from & thalassemia major
and HbE-B-thalassemia are approximately 60,000—
70,000 in Bangladesh®. In addition 6-12% of the
population (about 10—19 million people) in Bangladesh
are carriers of a gene either  or E trait that can lead
to thalassemia®. With the birth rate of 21.6/1000, it
could be estimated that nearly 2500 thalassemia
major/ Hb-E B-thalassemia cases are added every
year in Bangladesh.®

To face this challenge the only way is the effective
screening to find out a person at carrier state or trait
and then adopting primary and secondary prevention
of this condition. Considering the burden of the disease
on the family as well as society, thalassemia prevention
program is the need of the hour in Bangladesh. To
prevent and control births of the new cases, an accurate
identification of couple who both carry the genes and
capable of transmitting it to their offspring is needed.
American College of Obstetricians and Gynecologists
(ACOG) recommends screening for § thalassemia in
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couples of Southeast Asian population.” World health
organization (WHO) recommends to incorporate the
policy of screening to identify carriers of
hemoglobinopathy in basic health services.® The
organization also recommends to assess the risk of
producing severely affected progeny, followed by genetic
counseling and give the provision of options to avoid
such births, ideally prior to conception.® Many countries
get success in reducing the prevalence of thalassemia
by effective screening program. In Turkey voluntary
screening and nondirective counselling showed
reduction of the birth rate of thalassaemia major from
1:250 live births to 1:4,000 .10

Two possible methodological approaches for carrier
screening are commonly practiced. First one is a
primary screening procedure by RBC indices followed
by a secondary screening by Hb Electrophoresis in
subjects with reduced MCV and/or MCH. Second one
is complete screening at the outset by Hb
Electrophoresis in all subjects.

In a country like Bangladesh with constraints of
availability of Hb Electrophoresis in all level of health
facilities, the first one is more feasible i.e. RBC indices
as it is a common test and cost effective test of
prenatal care. To make it a feasible approach it is
logical to know the cut off values of RBC indices to be
subjected for Hb Electrphoresis in this population. In
this study it was the main objectives of the study.

Red blood cell (RBC) indices as component of
complete blood count (CBC) namely mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC)
along with Hb level have been shown a promising
screening tool in this aspect. RBC indices along with
other parameters, complete blood count is done by
an automated without any extra effort and cost. This
machine is available in many government and private
sector even in remote corners of the country. With
the general availability of electronic cell counters, red
cell indices are now automatically measured in all
blood count determinations.

Among the indices MCV defines the size of the red
blood cells and is expressed as femtoliters (10"1%; l)
or as cubic microns (im3). The normal values for MCV
are considered 87 £ 7 fl. MCH quantifies the amount
of hemoglobin per red blood cell. The normal values
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for MCH are 29 * 2 picograms (pg) per cell. MCHC
indicates the amount of hemoglobin per unit volume.
It is expressed as g/dl of red blood cells or as a
percentage value. The normal values for MCHC are
34 + 2 g/dl. Studies shown that MCV less than 80 fL
and/or MCH value of less than 27 pg i.e. when they
are at the lower limit of their normal range, can be
used as cutoff levels for further screening of
thalassemia trait or E-trait by Hb Electrophoresis.!12-
If RBC indices are found suggestive then patient can
be referred for Hb Electrophoresis for confirmation of
the carrier state. This is also recommended in the
National guidelines on thalassemia management for
physician in Bangladesh. '3

But so far known no studies were done in context of
Bangladesh to explore the cut off value of the RBC
indices in pregnancy which is most sensitive and
specific for further screening by Hb Electrophoresis
to detect defective Hb. This small study was intended
to explore the sensitivity and specificity of different
RBC indices as a first round screening tool for detection
of thalassemia trait and E trait in our population.

Materials and Methods:

The study was carried out among women attending
for regular antenatal care (ANC) at their first booking
visit between 10-18 weeks of gestation in the Out
Patient Department (OPD) of Fetomaternal Medicine
Department of Bangabandhu Sheikh Mujib Medical
University (BSMMU) after taking verbal consent.Patient
having any known hematological disorders or serious
illness were excluded from the study. Those who
received blood transfusion for any reason in the past
1 month were excluded from the study.It was a cross
sectional study done from January 2023 to July 2023.
Complete blood count was done as a routine antenatal
test by collecting blood sample in EDTA tube in the
department of Hematology of Bangabandhu Sheikh
Mujib Medical University (BSMMU). Hemoglobin and
red blood cell indices (MCH, MCV, and MCHC) were
measured using automated blood cell counter
(Sysmex KX-21) on the same day in the Haematology
department of the institute. By convenient sampling
112 pregnant women whose MCV value was < 80fl
were selected as samples. After taking verbal
consents, samples were subjected for Hb
Electrophoresis and results were noted in a
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predesigned data sheet. -thalassemia trait and E
trait were diagnosed as per protocol of the national
guideline.'3 p-thalassemia trait was diagnosed when
Hb Electrophoresis report showed Hb A90-95%, Hb
A2 level 23.5% &/or Hb F level 1-5%. Hb E trait was
diagnosed when Hb E level >15%, Hb A2 level 2-7%
and Hb F level <1%, and rest were HbA. Hb E disease
was diagnosed HbA 0%, Hb F<5%, Rest is Hb E+
HbA2. All abnormal Hb was designated as ‘abnormal
or defective Hb’ in this study.

The demographic and clinical details were noted as
part of routine antenatal care and recorded on the
antenatal card and data collection sheet made for the
purpose of the study.

Statistical analysis :

Statistical analysis was performed with SPSS v.20.0
Distribution of study subjects based on Hb
Electrophoresis was expressed as frequency and
percentage. Data of the different study parameters for
normal & abnormal Hb states were expressed as,
Mean+2SD. Comparison between the normal &
defective Hb states were done by unpaired t-test and
one way ANOVA. p value <0.05 was considered
statistically significant. Plotting of ROC curve was
carried out for different variables to demonstrate the
cut off value; sensitivity & specificity.

Results:

Among 112 samples who had MCV value < 80fl, 65.2%
were found to have normal Hb. Among the rest, 18.8%
had E trait and 13.4% had beta thalassemia trait and
2.7% had Hb-E disease (Table I).

Table-l
Distribution of Study subjects according to report
of Hb Electrophoresis

Variants of Hb Frequency Percentage
Normal 73 65.2
Hb E trait 21 18.8
B thalassemia trait 15 134
Hb E Disease 03 2.6
Total 112 100.0

Among 112 samples, 65.2% were found normal.
Among the rest, 18.8% had E trait and 13.4% had
beta thalassemia trait and 2.7% had Hb-E disease.
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Table-ll
Mean value of the study parameters in normal & defective Hb states

Traits Mean = SD

Normal Hb-E trait Thalassemia trait Hb-E disease
Age 27.37+4.50 28.71+3.99 25.3+3.81 28.3+1.53
Hb% (gm/dL) 10.39+1.38 10.19+1.43 9.74+0.62 8.57 £0.51
MCV (fl) 76.83+3.68 70.11+4.89 64.19£6.07 60.97 £5.92
MCH (pg) 24.92 +2.51 22.80+1.94 20.13+2.43 20.73+2.15
MCHC(gm/dL) 32.28+1.79 32.55+1.65 31.56+1.41 34.00+0.40

Other than Hb E disease , in carrier state Hb level , MCV & MCH were observed lowest in thalassemia trait
group. MCV was found too low in thalassemia trait ( 64.19 £6.07 fl). MCHC was found almost normal in all

cases of defective Hb states.

Table-lll
Comparison of study parameters in normal and defective Hb states
Mean + SD
Study Parameters Normal (n=73) E-Trait, Thalassemia trait p value
and E disease (Defective Hb)
(n=39)
Age 27.37+4.50 27.38£4.07 0.986
Hb%(gm/dL) 10.39+1.38 9.89+1.20 0.51
MCV(L) 76.83+5.68 67.13+6.27 0.00
MCH(pg) 2492 +2.51 21.61+2.47 0.00
MCHC(gm/L) 32.28+1.79 32.28+1.63 0.991

Among the RBC indices MCV & MCH were found significantly less in defective Hb states when compared to

normal

Other than Hb-E disease, in carrier state lowest Hb
level, MCV, MCH were observed in thalassemia trait
group. MCV was found too low in thalassemia trait
(64.19 £ 6.07 fl). (Table I11). MCHC was found almost
normal in all the cases of defective Hb states.

Among the RBC indices MCV & MCH were found
significantly less in defective Hb states when compared
to normal. (Table Ill)

By constructing the ROC curve, for the variable
haemoglobin (Hb), 10.65gm was found the best cut
off point for detection of Thalassemia Trait or E Trait/
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disease with sensitivity 77.3% and specificity 52.9%
(Fig. 1).

For the variable MCV, the best cut off point was found
75.1fl with sensitivity 81.8% and specificity 64.3%
(Fig. 2).

For the variable MCH, the cut off point was 23.5 pg.
showing sensitivity 72.7%% and specificity 62.9%
(Fig. 3).

For the variable MCHC, the cut off point was 32.1gm/
dl'and the sensitivity for detection of defective Hb was
54.5% and specificity 61.4% (Fig. 4)
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Figure 1: Plotting of ROC curve for the variable Hb

level for detection of Trait

Figure 2: Plotting of ROC curve for the variable MCV
for detection of Trait

Test Result Variable(s): Hb

Area Under the Curve

AUC Std. Error® p-value Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
622 .069 .085 488 .756

Cut off point= 10.65; Sensitivity = 77.3%; Specificity = 52.9%
For the variable haemoglobin (Hb), 10.65gm cut off point for detection of Thalassemia Trait or E Trait/disease

was 77.3% and specificity 52.9%

Area Under the Curve

Test Result Variable(s): MCV

Area Std. Error? Asymptotic Sig.? Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
814 .050 .000 716 912

Cutoff point= 23.5; Sensitivity = 72.7%;

Specificity = 62.9%

For the variable MCH, at a cut off point 23.5 the sensitivity for detection

of Trait was 72.7%% and specificity 62.9%

Area Under the Curve

Test Result Variable(s): MCH

Area Std. Error2 Asymptotic Sig.? Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
782 .054 .000 677 .888

Cutoff point= 23.5; Sensitivity = 72.7%;

Specificity = 62.9%

For the variable MCH, at a cut off point 23.5 the sensitivity for detection

of Trait was 72.7%% and specificity 62.9%
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Figure 3: ROC curve forthe variable MCH for detection
of Trait

Figure 4: ROC curve for the variable MCHC for
detection of Trait

Area Under the Curve

Test Result Variable(s): MCHC

Area Std. Error? Asymptotic Sig.? Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
.530 072 .674 .389 671

Cut off point= 32.1 with Sensitivity 54.5% & Specificity 61.4%
For the variable MCHC, at a cut off point 32.1 the sensitivity for detection

of Traitwas 54.5% and specificity 61.4%

Discussion:

In this study the distribution of defective Hb in the
form of Hb E trait, 3 thalassemia trait and Hb E disease
were 18.8%, 13.4% and 2.6% respectively i.e. in total
34.9% (Table 1), which were surprisingly very high.
This may be due to the fact that samples of this study
were those having MCV <80fl and almost all had Hb
level <11gm/dl among which chance of defective Hb
are high. In addition in a study high prevalence of Hb
E & thalassemia trait were noted among anemic
women in rural Bangladesh which was 28%." In
another study among apheretic donors those who had
Hb 12.5gm/dl but MCV 80fl, hemoglobinopathy without
concomitant iron deficiency was found in 36% cases
which was very close to this study.'® Findings of the
present study and other studies showed high
prevalence of defective Hb in cases of anemia and
alerts proper assessment to find out the cause of
anemia before starting treatment blindly. This findings
also points to a fact that the actual prevalence of
defective Hb in the form of thalassemia trait, E trait,
even E disease in our population specially among
pregnant population who had low MCV might be much
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higher than those considered as 6-12% in general
population'® and warranted further large studies in
this field.

In this study in B Thalassemia trait mean Hb level,
MCV and MCH were 9.74 + 0.62 gm/dI, 64.19 £ 6.07
fl, 20.13 £ 2.43pg respectively (Table 2) which were
close to the findings of the study of Wickramaratne et
al where the mean Hb concentration, MCV and MCH
in BTT (& thalassemia trait )group were 10.45+ 1.6 g/
dL, 62.1 £ 5.4 fl, and 19.7 + 1.7 pg, respectively.!”
This study showed that the Hb level was almost
comparable in normal and defective Hb group ( 10.39
+1.38Vs. 9.89 +1.20 gm/dl). But MCV level remains
too low and almost always <70fl (64.19 + 6.07) in
beta thalassemia trait. MCH level was also found
remarkably low in thalassemia trait, <22pg in almost
all cases. In a retrospective analysis, CBC and
Hemoglobin (Hb) electrophoresis of 378 patients in
Baghdad university, MCV was found 65.3, MCH 19.4
among BTT which were very close to the present
study.'® In another study in Iraq on utility of Red Blood
Cell Indices in the diagnosis of &-Thalassemia minor,
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MCV and MCH were found to be highly sensitive as
screening tests with the mean MCV 61.97+5.20fL (p
< 0.01) which was also very close to this study. 1°1n
this study MCV level was also low in Hb E trait when
compared to normal (70.11 £ 4.89 Vs. 76.83 + 5.68)
and almost always <75 fl but it was not that much low
which was observed (<70 fl) in beta trait. E trait also
cause smaller-than-normal red blood cells i.e.
microcytic RBC which can lead to low MCV. Findings
of this study was close to the findings of Anjali Sharma
et al of India where mean MCV was 74.7fl in E trait.20
E trait is very common in Bangladesh and its
combination with beta trait can result in HbE-§
thalassemia in the offspring and may require regular
blood transfusion lifelong . So if E trait is detected in
pregnancy, itimmediately mandates carrier screening
of the partner.

Interestingly in this study 2.6% patients were found
to have Hb E disease who were totally asymptomatic.
In these cases both MCV and MCH were very low
60.97+5.92 fland 20.73+2.15pg respectively i.e. lowest
among all the cases but MCHC was quite normal
(34.00 £ 0.40 gm/dl). MCHC was also not found to be
raised in both E traitand BTT and even in E-disease
(Table 2). MCHC indicates the average concentration
of Hb per RBC. The study findings thus clearly
indicates that when MCHC is normal and MCV & MCH
are too low, some sorts of defective Hb either in the
form of B trait, E trait or even E disease can be there
and needs proper surveillance.

The value at which the normal range for a parameter
changes to an abnormal range is called the cut-off
value. The most widely used cut-off values of MCV
and MCH for carrier screening of defective Hb are
considered as 79 fl and 27 pg respectively. Values
below are needed to make a precise diagnosis.2 In
Bangladesh the National Guidelines on Thalassemia
Management for Physician emphasized that Hb
electrophoresis should be done in any adult with or
without anemia when RBC indices show MCV <80
fL or MCH <27 pg, to exclude the causes of microcytic
anemia like BTT or iron deficiency anemia.'3 In Sri
Lanka as well, the National Thalassemia screening
program uses MCV below 80 fland MCH below 27 pg
as the cut off values to decide on performing
confirmatory test to find out the carrier state of beta
thalassemia.'2 The study of Wickramaratne et al of
Srilanka showed that the application of these cut off
values had 100% sensitivity and 27.2% specificity and
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assembled all true BTT individuals and additional 16
non-BTT individuals (n = 22) in to beta-thalassemia
suspected group.!” With this background keeping in
mind in this study samples were taken who had MCV
< 80fl. Amongst these samples the cut-off value of
MCYV as a screening test for BTT & E trait was derived
by constructing the ROC curve. The area under curve
for MCV was 0.814 (95% cf 0.716—-0.912) (Fig. 1). In
this study the most suitable cutoff value for MCV for
detection of abnormal Hb was found 75.1 fl. At this
cut-off, the sensitivity and specificity for detection of
carrier state was 81.8% with specificity 64.3%. The
study of Mayura Baliyan showed in their study the
best cut off value for MCV 72fl and with this cutoff, the
sensitivity and specificity were 63.67% and 68.31%,
respectively. The positive predictive value was 9.7%,
whereas the negative predictive value was 97.23%. 22
Next sensitive variable among RBC indices in the
present study was MCH with cutoff point 23.5pg. Its
sensitivity was found 72.7% and specificity 62.9%. In
a study by Chatterjee et al in a population screening
program in different cities of West Bengal, India on
18, 1666 cases showed that MCV values varied greatly
in different conditions of hemoglobinopathies, whereas
MCH provided a more stable measurement for BTT.
They recommended that MCH value of <27.0 pg.is a
suitable cut-off point for screening in their population.
Participants with an MCH of <27.0 pg. should be
investigated further to confirm or exclude a diagnosis
of B-thalassemia trait.23 In the study of Sahiratmadja
et al of Indonesia recommended that the best cut off
value for MCV was < 80fl or MCH was <27pg for the
mass screening method for detection of BTC or E-
trait in a limited capacity area.?

Hb level as a screening tool was not found promising
in the present study. The best cut off point for detection
of carrier state for Hb was 10.65 gm/dl which was
almost close to the normal level. At this level it had
sensitivity 77.3% but having poor specificity i.e. 52.9%.
Interestingly in this study Hb level was found almost
close with each other in cases of normal, E trait and
BTT (Table 1). Similar observation was observed by
Marwa and colleagues where Hb level were nearly
equal for both groups i.e. who were normal and who
had abnormal Hb.'"® So based on Hb level mass
screening for thalassemia found not to be very much
promising. The possible explanation for this is that 3-
Thalassaemia carriers (BTC) of either the 3° or severe
B* can lead to drop of haemoglobin levels to 2g/dl
lower than normal, but vary widely. Moreover in Hb E
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trait cases patient’s Hb level may remain even normal.
In a study on carrier screening of Thalassemia in
Indonesia by Sahiratmadija et al, 79.4% of the subjects
had low MCV and/or MCH with or without low Hb
concentration.24

Conclusion:

This study showed that MCV<75fl and/or MCH<23.5
pg. are the best first round mass screening method
for detection of abnormal Hb in the form of &-
thalassemia carrier, E trait and even E disease during
pregnancy

Recommendation:

To reduce thalassemia burden in Bangladesh,
screening for thalassemia carrier state is urgently
needed in pregnancy as early as possible preferably
in first trimester. CBC should be recommended as a
routine test of antenatal care in first prenatal visit
instead of doing only Hb% for better understanding
the need of further testing like Hb Electrophoresis.
However, Hb Electrophoresis should be gradually
installed regionally in various places wherever possible,
as well as DNA analysis to confirm the mutation for
an optimal carrier diagnosis.

Limitations of the study:
Iron profile to exclude iron deficiency anemia was not
considered in our study is the limitation of this study.
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