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Abstract:

Hemoglobinopathies pose a major diagnostic burden in India, where p-thalassemia trait affects 3-15% of the population regionally
and most carriers go undetected until symptomatic. Therefore, it is of interest to evaluate the 608 clinically suspected patients at
Sharda Hospital, Greater Noida over 44 months using complete blood count, peripheral smear and HPLC (Bio-Rad Variant II).
Abnormal hemoglobin patterns were found in 48 patients (7.89%), most commonly p-thalassemia trait (50%), followed by raised HbF
and sickle cell trait (10.4% each), HbD-Punjab trait (6.2%) and rare compound heterozygous variants. MCV below 82 fL and MCH
below 27 pg identified 87.5% and 95.8% of p-thalassemia trait cases respectively, while HPLC alone resolved compound
heterozygous states missed by electrophoresis and solubility testing. Thus, HPLC combined with red cell indices strengthens carrier
detection and supports targeted antenatal and premarital referral where nutritional anemia may confound interpretation.

Keywords: Hemoglobin (Hb), high-performance liquid chromatography (HPLC), red cell indices; hemoglobinopathies, thalassemia,

sickle cell anemia, primary care

. .
Background:
Hemoglobinopathies are the most prevalent monogenic

disorders globally, with an estimated 7% of the world
population carrying a clinically significant hemoglobin variant
[1]. Over 300,000 affected births occur worldwide each year and
India alone records 10,000 to 12,000 B-thalassemia major births
annually, placing it among the highest burden countries [2, 3].
Carrier rates for pB-thalassemia trait range from 3% to 15% by
region in India, with higher prevalence in northern and western
populations [4, 5]. Sickle cell trait was first documented in Indian
tribal communities in 1952, with HbS carrier prevalence
recorded from 1% to 40% across different ethnic groups [6, 7].
Conventional electrophoresis and solubility tests cannot
adequately quantify HbA, or HbF and frequently misclassify
compound heterozygous states [8]. HPLC accurately quantifies
HbA, and HbF and resolves compound heterozygous variants
that conventional methods routinely miss [9]. Therefore, it is of
interest to describe the spectrum of hemoglobinopathies
identified by HPLC at a North Indian tertiary care hospital and
compare findings with published regional data.

Methodology:

This retrospective cross-sectional study was conducted at the
Department of Pathology, Sharda Hospital, Greater Noida, over
44 months (January 2022-August 2025). The study period

- I
partially overlaps with a separate study from the same
department. The two cohorts, though independently compiled
with differing inclusion criteria, may share some patients given
the shared instrument and overlapping timeframe. All patients
referred for evaluation of suspected hemoglobinopathies were
considered. Of 608 patients included, 48 showed abnormal
hemoglobin patterns on HPLC. Inclusion criteria included
patients with clinical suspicion of hereditary anemia, abnormal
red cell indices on CBC, or a family history of
hemoglobinopathies, with referrals primarily from outpatient
and antenatal services. Patients transfused within three months,
neonates younger than 28 days and hemolysis samples were
excluded. Venous blood collected in EDTA vacutainers was
processed within 24 hours. CBC was performed on an
automated hematology analyzer providing Hb, RBC count,
MCV, MCH and MCHC. Peripheral smears were stained with
Leishman stain. Reticulocyte counts used supravital staining.
HPLC was performed on the Bio-Rad Variant II system (Bio-Rad
Laboratories, USA) using the [-thalassemia short program,
which separates and quantifies HbA, HbA,, HbF, HbS, HbE and
HbD by retention time. Findings were tabulated in Microsoft
Excel and analyzed using SPSS. Results are expressed as
descriptive statistics (mean * SD).

Tablel: Spectrum of hemoglobinopathies on HPLC with corresponding hematological indices (n=48).

Hemoglobinopathy n (%) HDbA, (%) HbF (%) Abnormal Hb Hb (g/dL) MCV (fL) MCH (pg)
meantSD meantSD peak meantSD meantSD meantSD
B-thalassemia Trait 24 5.61+3.82 2.29+1.90 - 8.79+1.72 69.20+8.02 20.19+2.85
(50.0%)
Raised HbF 5(10.4%) 3.22+1.03 6.48+2.81 — 4.9241.03 118.70+7.21 37.82+3.48
Sickle Cell Trait 5 (10.4%) 3.10£0.56 1.45£0.31 HbS 30.50+5.98 8.68+2.65 74.34%7 44 23.0045.78
HbD-Punjab Trait 3 (6.2%) 2.37+0.06 1.25+0.64 HbD 28.07+4.24 4.80+0.85 48.47+7.32 12.7742.06
HDbE Trait 2 (4.2%) 24.90+3.54 - - 4.90+2.26 71.25+0.78 17.10+1.41
Sickle Cell Anemia 2 (4.2%) 3.35+0.35 6.80+0.42 HbS 83.70+3.25 7.65+0.35 82.25+2.47 27.35+0.49
HbC 1(2.1%) 4.6 1.4 HbC 31.80 9.8 78.4 29.1
HbE Homozygous 1(2.1%) 78 4 — 8.5 55.9 17.9
HbSC 1(2.1%) 44 0.8 HbS 45.2, HbC 11.7 78.5 28.1
46.1
Raised HbA, 1(2.1%) 5.5 3.1 — 6.6 85.1 224
B-Thalassemia 1(2.1%) 6.4 10 - 4.8 96.4 27.7
Major
6p-Thalassemia 1(2.1%) 2.7 5.8 — 9 61.2 18.4
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Trait
HbE-f Thalassemia 1(21%) 517 38.9 = 8.2 64.9 19.9
Abbreviations: Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; SD, standard deviation; —, not applicable.

Results and Discussion:

Of 608 patients evaluated over 44 months, 48 (7.89%) had an
abnormal hemoglobin pattern on HPLC, comparable to rates at
other North Indian tertiary centres. Khera ef al. found 7.33% in
New Delhi and Manger ef al. found 7.92% in northern Gujarat
[11, 12]. Sehgal et al. reported a similar spectrum using a Bio-Rad
D-10 analyzer in South Delhi [13]. Larger reference laboratory
studies by Mondal and Mandal (119,336 cases) and Warghade et
al. (65,779 cases) recorded higher rates of 12.17% and 18.44%
respectively, probably due to broader geographic and ethnic
diversity in their referral populations [14, 15]. Rates exceeding
40% in smaller studies such as Singh et al. point to referral
selection rather than true community burden [16]. A smaller
North Indian HPLC series in the same department by Varshney
et al., screening 100 patients over two years, reported a higher
abnormal detection rate of 18%, likely reflecting the wider
statistical variability of a smaller denominator rather than a true
difference in underlying prevalence [10]. Females comprised 30
cases (62.5%) and males 18 (37.5%). The 20-30 year age group
showed the highest proportion of abnormal cases (31.3%),
matching patterns reported by Bhokare et al. and Patel et al.,
driven by premarital and antenatal referrals [8, 17]. pB-
thalassemia trait was the most common finding in 24 patients
(50%), characterized by elevated HbA, (mean 5.61 * 3.82%) with
microcytic hypochromic indices. Of these, 87.5% had MCV
below 82 fL, 95.8% had MCH below 27 pg and 95.8% had MCHC
below 32%. RBC counts exceeded 4.8 x 10¢/uL in 62.5% of cases,
consistent with compensatory erythrocytosis and hemoglobin
ranged from mild (above 10 g/dL in 25%) to moderate anemia
(7-9 g/dL in 37.5%), as expected in carriers. This 50% proportion
matches Manger et al. at 53.0% and Patel et al. at 57.0% [12, 17].
Khera et al. reported a comparable proportion of 56.3% in New
Delhi [11]. MCV and MCH thresholds worked well as screening
indices, per national screening guidelines and prior work by
Saxena and Phadke [18, 19]. The NHM guidelines use red cell
indices as an initial filter, recommending that samples with
MCV below 80 fL and MCH below 27 pg proceed to HPLC
confirmation. HbA, above 4.0% alongside reduced indices then
confirms P-thalassemia trait. Screening is recommended in the
premarital setting or by 10-12 weeks of gestation, allowing time
for partner testing and informed reproductive decisions before
an at-risk pregnancy advances [19]. Sickle cell disorders
accounted for 14.6% of abnormal cases. Five sickle cell trait cases
showed HbS at 30.50 + 5.98% alongside HbA, while two sickle
cell anemia cases showed HbS at 83.70 + 3.25% with markedly
reduced HbA. HPLC differentiated trait from disease clearly in
all cases. One HbSC case showed HbS at 45.2% and HbC at
46.1%, a combination conventional electrophoresis frequently
misclassifies [8]. The lower sickle cell proportion here (10.4%) is
lower than western Indian series where HbS is more prevalent,
as documented by Shrestha et al. in Nepal [20]. Three HbD-
Punjab trait cases showed a characteristic HbD peak at 28.07 +
4.24% with severely reduced MCV (mean 48.47 + 7.32 fL) and

MCH (mean 12.77 + 2.06 pg). HbE trait showed markedly
elevated HbA, (mean 24.90 £ 3.54%) due to co-elution in the
HbA, window, a pattern electrophoresis would misclassify. Iron
deficiency similarly suppresses HbA, and masks (-thalassemia
trait [18]. One HbE homozygous case showed HbA, of 78% and
one HbE-P thalassemia case demonstrated HbA,/HbE at 51.7%
and HbF at 38.9% with near-absent HbA (Table 1). Five raised
HbF cases showed marked macrocytosis (mean MCV 118.7 +
7.21 fL) and severe anemia (mean Hb 4.92 + 1.03 g/dL) with no
family history, suggesting an acquired rather than hereditary
cause. In folate or B12 deficiency, ineffective DNA synthesis
delays red-cell maturation and HbF rises secondarily [21]. This
distinction is clinically important given that over 57% of women
aged 15-49 in India are anemic and nutritional causes dominate
the clinical picture, making structured HPLC assessment
essential before a hereditary diagnosis is assigned [22]. This
study has limitations. Its retrospective single-centre design limits
generalizability, molecular confirmation was not performed for
rare variants and unrecorded iron deficiency or recent
transfusions may have influenced some HPLC results
retrospectively. Mukhopadhyay ef al. showed the feasibility of
large-scale carrier detection in West Bengal, where HPLC-based
screening of 10,407 subjects identified a substantial number of
previously undetected carriers [23]. Warghade et al. similarly
confirmed HPLC’s scalability across a central reference
laboratory network [15]. Prenatal HPLC extends this further by
identifying at-risk pregnancies early enough to support
informed reproductive decisions [24]. Larger multicenter studies
combining HPLC with molecular analysis would give a clearer
picture of the true regional burden.

Conclusion:

HPLC showed abnormal hemoglobin patterns in 7.89% of
clinically —suspected patients, catching rare compound
heterozygous variants that electrophoresis and solubility testing
miss entirely. Built into primary care, it shortens the path from
suspicion to diagnosis, letting treatment and counseling start
sooner. Scaling HPLC across premarital, antenatal and primary
care screening is a concrete step toward cutting India's
hemoglobinopathy burden at the population level.
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