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Introduction: This study aimed to study the effectiveness of high-performance

liquid chromatography (HPLC) as the initial step for thalassemia/

hemoglobinopathy carrier identification in contrast to the conventional

complete blood count (CBC)-first approach.

Materials and methods: This multicenter study was conducted in four hospitals

in South and Central India from July 2021 to December 2022, enrolling 6,549

antenatal women. Complete blood count and HPLC tests for the beta-

thalassemia trait and common variants were performed. Cost-effectiveness

and efficacy of three different approaches: CBC as the first step followed by

HPLC for low mean corpuscular volume (MCV) and mean corpuscular

hemoglobin (MCH) samples, HPLC as the first step, and HPLC and CBC

performed together.

Results: The sensitivity and specificity of the first step with MCV and MCH cut-

offs for all hemoglobinopathy carriers were 80.8% and 50% respectively. For

beta-thalassemia carriers alone, the sensitivity and specificity were 96.1% and

50.6%. For sickle cell disease carriers, the sensitivity was 69% while the specificity

was 51.4%. If using only CBC as the first step, we would have missed 14.1% of all

hemoglobinopathy carriers. The cost of conducting HPLC first was 0.7% higher

than conducting CBC as the first step and then following up with HPLC. The

increase in cost was 47.8% if we performed HPLC and CBC together.

Conclusion: We conclude that conducting HPLC as the first step is cost-

effective, saves time and labor, and seems to be the preferable approach for

prevention programs. HPLC as the first step identified several types of

hemoglobinopathies, including alpha and beta variants, that would have

otherwise been missed by the conventional CBC-first screening method.
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Background

India faces a significant burden of ß-thalassemia major, with an

estimated 100,000 to 150,000 patients currently living with the

condition. The average prevalence of beta-thalassemia carriers is 3-

4% (1, 2). The WHO estimates that only 12% of transfusion-

dependent b-thalassemia (TDT) patients are properly transfused

and only 39% have access to any chelation (3). As a result, most

patients with TDT do not reach full adulthood. A study conducted

in India found that the actuarial median survival for individuals

with thalassemia was 26.9 years and under-5 mortality was 7 times

higher than the general population (4). Ensuring systematic care for

all current and new patients in India is going to impose a major

financial burden on the healthcare system—a study in 2008

concluded that the cost of transfusing and chelating a child with

a body weight of 30kg for 1 year was INR 200,000, i.e.,

approximately 2,500 USD (5).

Sickle cell disease (SCD) is the most common genetic blood disease

recorded in various parts of India. With a variable carrier rate ranging

from 0% to 40% depending on the geographical area, it has emerged as

a major public health concern in the country, especially in tribal

pockets. SCD was mainly believed to affect the tribal population of

Central India, however, non-tribal persons are also affected in many

states such as Odisha, Chhattisgarh, Gujarat, Maharashtra, and

Madhya Pradesh, where the burden of disease is significant. SCD

contributes significantly to a high infant mortality rate and maternal

mortality and anemia, and inflicts a huge socio-economic burden on

the people living with the disease and their families. Globally, some of

the highest bS allele frequencies have been reported in the Indian

population and India has been ranked as the country with the second

heaviest burden in the world in terms of estimated numbers of babies

born with the sickle b-globin gene variant, i.e., 42,016 births (inter-

quartile range, IQR: 35,347–50,919) in 2010 according to the National

guidelines on management and control of Sickle Cell Disease – 2022

(6). There is clearly a compelling need to have an effective prevention

program in place.

The Jaivigyan project demonstrated that there are several

different carriers for beta-globin gene defects including the beta-

thalassemia trait (BTT), HbS trait (sickle cell trait), Hb E trait, Hb D

trait, delta-beta thalassemia trait, Hb Lepore trait, and Hereditary

persistence of fetal hemoglobin (HPFH) trait in India, often

coexisting in the same population (2). Even though homozygous

HbD and HbE are clinically silent or very mild, in combination with

other traits, they may be severe. An effective prevention program

strategy should cover all these syndromes (5). Although the

guidelines recommend the use of red cell indices for screening,

they are typically normal for the HPFH, Hb S, Hb D, and Hb E

traits. Sometimes, the NESTROFT (Naked Eye Single Tube Red cell

Osmotic Fragility Test) is recommended for beta-thalassemia

carrier screening even though the Jaivigyan project observed that

it missed an average of 13% beta-thalassemia carriers and had

several limitations (5, 7). Similarly, solubility tests have an average

specificity of 92% and a positive predictive value of 80% for Hb S.

The option of using red cell indices in combination with the

NESTROFT (for BTT), solubil ity test (for HbS), and
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dichlorophenolindopheno test (for HbE) to screen an individual

for hemoglobinopathies prior to confirmation using high-

performance liquid chromatography (HPLC)/Hb-electrophoresis,

is both a labor-intensive, operator-dependent, and difficult to

quality-control (7).

In the Guidelines for Antenatal Care and Skilled Attendance at

Birth (8) published by the Government of India, screening for

thalassemia does not appear in the list of essential care

recommendations, nor does it appear in the Recommendations

for Routine Antenatal Care for the Healthy Pregnant Women (8) by

the Indian College of Obstetricians & Gynaecologists and The

Federation of Obstetric and Gynaecological Societies of India.

Since hemoglobinopathy screening is not being routinely

performed, in 2020, we started our program for the prevention of

thalassemia by targeting pregnant women. With the known

limitations and challenges of the two-step screening strategy

which uses red cell indices and other tests as step one followed by

confirmation with HPLC, we decided to start by conducting a red

cell indices study in parallel with HPLC and use the generated data

to identify the optimal approach. After 18 months, the data were

analyzed retrospectively in order to assess the utility of red cell

indices in the screening algorithm. Here, we share the efficacy of the

strategy using red cell indices as a screening tool.
Materials and methods

This multicenter study was conducted in busy maternity clinics

in four hospitals in South and Central India between July 2021 and

December 2022. Samples were transported by courier packed in

UN3373-compliant packages to the Sankalp Labs in Bangalore. The

samples reached the lab within 2 to 4 days from collection.

Women in their first pregnancy or who were not screened

during prior pregnancies, before the 14th week of gestation, were

counseled on the need to undergo an antenatal investigation and

participation in this program. After counseling and obtaining

informed consent, a complete blood count (CBC) and HPLC to

test for the beta-thalassemia trait and common variants were

performed. If the woman was found to be a thalassemia/

hemoglobinopathy carrier, then her husband was tested for

carrier status. Detection of carriers would be based mainly on the

Hb pattern observed on HPLC.

For b-thalassemia carrier diagnosis, an HbA2 level cut-off of

3.5% was considered. This was correlated with the mean

corpuscular volume (MCV) and mean corpuscular hemoglobin

(MCH). If MCV<80 fl and MCH<27 pg, along with HbA2>3.5

were observed, individuals were labeled as b-thalassemia carriers.

Inconsistent MCV and MCH findings were confirmed using

mutation analysis.

The key driver to using CBC first followed by HPLC when

indicated is cost considerations. We compared the cost-effectiveness

and efficacy of three different approaches: CBC as the first step

where CBC was performed first and only the samples that had low

MCV or low MCH were tested with HPLC; HPLC as the first step

where HPLC was performed first and only for the samples that had
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borderline or abnormal HPLC values were tested with CBC; and the

third approach, where both HPLC and CBC were performed

together for each sample. We assessed how the difference between

HPLC costs and CBC costs in the different setups contributes to the

relative cost-effectiveness of the screening strategies using the

prevalence data that we found. For this, we expressed the HPLC

cost as a multiple of CBC cost, represented as m. The cost function

was written for each approach in terms of how much it would cost

to test each sample expressed in terms of the unit cost of CBC. The

study was approved by the Institutional Ethics Committee at the

Sankalp India Foundation.
Results

Pregnant women with a median age of 26.7 years (IQR: 23.7 -

26.7, range: 18.1 - 48.2 years) were part of this study.

Table 1 summarizes the distribution of individuals who were

categorized based on their thalassemia/hemoglobinopathy status.

MCV and MCH cut-offs were taken from the guidelines for the

screening, diagnosis, and management of hemoglobinopathies by

Ghosh et al. (2014) (9).

The sensitivity and specificity of the first step with MCV and

MCH cut-offs for all hemoglobinopathy carriers were 80.8% and

50%, respectively. For carriers of beta-thalassemia alone, the

sensitivity was 96.1% but the specificity was 50.6%. For sickle cell

disease, the sensitivity was 69% while the specificity was 51.4%.

Regarding the other hemoglobinopathies (HbD, HbJ, HPFH/delta-

beta, and Hb Russ/Hb G-Waimanalo), the sensitivity and specificity

were 78.1% and 51.4%, respectively.
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If using only CBC as the first step and with the MCV and MCH

cutoffs, we would have missed 14.1% of all the hemoglobinopathy

carriers. This would have included missing 3.9% of the beta-

thalassemia carriers, 21.9% of the sickle cell carriers, and 31% of

the carriers of other hemoglobinopathies. Of the other

hemoglobinopathies, 22% of HbD, 25% of HbJ, 14% of HPFH/

delta-beta, and all Hb Russ/Hb G-Waimanalo would have been

missed. The findings also show that of all the women who were

finally categorized as normal, if we first screened using red cell

indices, 50% would have required further testing to confirm

their status.

Table 2 shows the cost of different screening approaches as a

function of multiples of CBC cost. In our setup, the cost of CBC is

Rs 100/-, while the cost of HPLC is Rs 200/-, and thus m=2. With

this, the cost of conducting HPLC first was 0.7% higher than

conducting CBC as the first step and then following up with
TABLE 1 Distribution of individuals who were categorized based on their thalassemia/hemoglobinopathy status.

MCV 0-80 MCV >80 Total
N

Percentage of carriers
missed with MCV>80

and MCH>27

MCH 0-27 MCH >27 MCH 0-27 MCH >27

N N N N N %

Carrier of thalassemia/hemoglobinopathy 168 0 75 40 283 14.1%

Carrier: beta-thalassemia 135 0 13 6 154 3.9%

Carrier: other hemoglobin disorders 9 0 16 7 32 21.9%

HbD 2 0 5 2 9 22%

HbE 4 0 2 0 6 0%

HbJ 0 0 6 2 8 25%

HPFH/delta-beta 3 0 3 1 7 14%

Hb Russ or Hb G-Waimanalo 0 0 0 2 2 100%

Carrier: sickle cell 18 0 42 27 87 31%

Other* 6 0 4 10 0%

Normal 926 2 2,205 3,133 6,266 50%
*Other refers to the remaining 10 individuals who were identified as homozygous or compound heterozygous, indicating they are affected by hemoglobinopathies.
Bold numbers indicate the rows which show total carriers and total normal couples.
TABLE 2 Cost of different screening approaches as a function of
multiples of CBC cost.

Percentage
of samples
requiring
CBC

Percentage
of samples
requiring
HPLC

Cost
function [as
multiples of
CBC cost]

CBC as a
first step

100% 51.5% 1 + 51.5% x m

HPLC as a
first step

5.6% 100% 5.6% + m

CBC and
HPLC together

100% 100% 1 + m
Bold numbers indicate the rows which show total carriers and total normal couples.
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HPLC. The increase in cost was 47.8% if we performed HPLC and

CBC together.
Discussion

The guidelines for the screening, diagnosis, and management of

hemoglobinopathies identify conditions that need to be identified

during antenatal screening in the Indian context. The guidelines

also indicate that b-thalassemia carriers may have a normal MCV

and/or MCH sometimes, and these individuals may be missed

during screening and that the carriers of variant Hbs such as Hb

E and Hb S may also have normal indices (9). Our findings confirm

this and suggest that MCV and MCH cut-offs of 80 fl and 27 pg

respectively may not be appropriate, at least when screening Indian

pregnant women. Our findings suggest the following:

a) We would have missed identifying 14.1% carriers, 3.9% for

beta-thalassemia, 21.9% for sickle cell disease, and 31% for

other hemoglobinopathies;

b) The specificity of MCV and MCH cut-offs is low. We would

also have had to conduct HPLC for 50% of the normal individuals

since their MCV or MCH was below our cut-offs due to an

iron deficiency;

c) Our findings show that an HPLC-first approach allows for

14% more carriers to be identified with no increase in cost.

This approach is faster and less labor-intensive, thus it seems to

be more suited for screening antenatal families.

Recently, the lab took the decision to run red cell indices only

for borderline cases where HPLC alone seems insufficient to draw

conclusions. These are cases with Hb A2 between 3.5% and 4%. Our

position of using HPLC as an upfront screening test seems to be

validated, at least for the population that we serve.

In order to minimize missing couples at risk, a quantitative

evaluation of HbA2 was recommended by Cao and Kan to be added

in the first step of screening (10). The latest practice advisory developed

by the American College of Obstetricians and Gynecologists

recommends universal hemoglobinopathy testing using hemoglobin

electrophoresis or molecular genetic testing in the initial prenatal visit

even as the prevalence of hemoglobinopathies is lower in the United

States (11). The “Significant haemoglobinopathies: guidelines for

screening and diagnosis” by the British Society for Haematology also

indicates that in areas of high prevalence (fetal prevalence >1.5 per

10,000 pregnancies), as is the case in India, simultaneous CBC and

HPLC are recommended (12). The clinical practice guidelines from the

Genetics Committee of the Society of Obstetricians and Gynaecologists

of Canada (SOGC) and the Prenatal Diagnosis Committee of the

Canadian College of Medical Geneticists (CCMG) also call for

simultaneous CBC and HPLC (13). The advantages of directly

testing by HPLC, capillary electrophoresis, or other comparable

technologies as opposed to screening using red cell indices,

NESTROFF, solubility tests, etc., are well acknowledged. Another

study on the screening of antenatal women for beta-thalassemia also

acknowledges that a high prevalence of anemia interferes with the use

of red cell indices (14). The main driver for adopting multi-step
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screening approaches has been cost control (7, 15–17). Our

experience shows that antenatal screening of pregnant women can

be accomplished with improved carrier detection as compared to the

two-step screening process without an increase in costs by directly

screening using the gold standard test.
Conclusion

We conclude that conducting HPLC as the first step is cost-

effective. With this approach, we have identified several types of

hemoglobinopathies, including alpha and beta variants, that would

have otherwise been missed by the CBC-first conventional

screening method. Additionally, this approach saves time and

labor by minimizing the number of tests that need to be

performed. Conducting HPLC as the first method seems to be the

preferable approach for prevention programs.
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