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Abstract

Background: Hemoglobinopathies (thalassemias and structural hemoglobin
variants) are major causes of microcytic hypochromic anemia in children and
contribute substantially to pediatric morbidity in many regions. Early detection
and characterization of the hemoglobinopathies is essential to provide necessary
counseling and avoid unnecessary iron overload. HPLC has emerged as a rapid,
accurate and reproducible tool for detection and quantification of hemoglobin
variants. Aims and objectives: To determine the frequency and spectrum of
hemoglobinopathies among pediatric patients presenting with microcytic
hypochromic anemia and their correlation with significant hematological
parameters. Materials and Methods: This retrospective descriptive study
reviewed pediatric (age 0-18 years) cases presenting with microcytic
hypochromic anemia who underwent HPLCat the referral laboratory were
studied for hemoglobinopathies. Samples were received from various private
hospitals and laboratoriesFromnov2022 to october 2025.Demographic and
hematological data (CBC, red cell indices, peripheral smear) and HPL data were
collected and analyzed. Result: Of 169 children analyzed, 48 (38.7%) had an
underlying hemoglobinopathy identified on HPLC. The most frequent findings
were P-thalassemia trait (n = 40, 23.6%). Also found were Compound
heterozygous HbS with Beta Thalassemia (n = 3, 1.7%), 1 case (0.6%) each of
sickle cell disease and sickle cell trait and 3 cases with raised HbF (1.7%). Mean
HbA2 for Thalssemia trait was 4.6%. Mean MCV in Thalassemia trait is
55.2+1.84 fl. Majority of the Thalassemia cases had Hb level in the range of 9-
12 g/dl.Maximum cases had RBC count >5x106/pl.

Conclusion: Although nutritional defiecincy is a leading cause for pediatric
microcytic hypochormic anemia, as ubstantial proportion of cases harbor

@ @ hemoglobinopathies. HPLC is an accurate, simple and superior technique in
— g detection of various haemoglobinvariants. Routine screening protocols in high-
prevalence areas along with premarital and antenatal screening can help in early
diagnosis, direct management and prevent child birth with severe hemoglobin

disorders.
INTRODUCTION countries include 89% of all births worldwide. Over

Haemoglobinopathies are the group of genetic
disorders of haemoglobin in which there is a
quantitative or qualitative abnormal production or
defect in the structure of haemoglobin.!-

The two main groups are structural Hb variants
including HbS, HbLE, HbC and thalassemia
syndromes.*!

WHO estimates that 7% of the world population are
carriers of hemoglobinopathies.

Haemoglobin disorders present a significant health
problem in 71% of 229 countries, and these 71% of

330 000 affected infants are born annually (83%
sickle cell disorders, 17% thalassaemias).*! Among
them around 56,000 conceptions are born with
thalassemia disorder and 30,000 of them would be
beta thalassemia, the majority of them being born in
developing countries [

The B thalassemias and sickle cell disorders pose a
significant health burden in india. The average
prevalence of f thalassemia carriers in india is 3—4%
which translates to 35 to 45 million carriers which is
largest in the world.”! The prevalence of various
hemoglobinopathies
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exhibits significant regional and ethnic variability.
Notably, B-thalassemia prevalence is 6.5% in Punjab,
8.4% in Tamil Nadu, 4.3% in southern India, and
3.5% in Bengal. In Gujarat, the incidence ranges from
10% to 15%, illustrating the geographical
heterogeneity of prevalence. A high prevalence of
sickle cell anaemia is observed, particularly in
Madhya Pradesh, Chhattisgarh, and Odisha, with
carrier frequencies reaching 20-30% in tribal
populations.[’ There is an uneven distribution in
frequencies of P thalassemia carriers in different
districts in Maharashtra (1-6%) and Gujarat (0—
9.5%) within small geographic regions. The
prevalence of sickle cell trait and disease is very high
amongst the tribal population groups from Nandurbar
and Gadchiroli district of Maharashtra.®

Therefore populations at increased risk should be
screened for hemoglobinopathies to reduce number
of affected births and in case of sickle cell disease,
reduce childhood mortalities 1. This can further help
in management (transfusion planning, iron-chelation
when needed), genetic counseling and prevention
programs. HPLC isa simple and rapid automated
system with reproducible and precise results.['] This
study describes the frequency and hematological
characteristics of hemoglobinopathies in children
presenting with microcytic hypochromic anemia in
southeast maharashtra.

MATERIALS AND METHODS

A retrospective descriptive study was conducted over
a period of 3 years from November ,2022 to
October,2025 at a referral laboratory in south east
maharsahtra. Samples were received from various
private pediatric hospitals and other laboratories.
Cases presenting with microcytic hypochromic
anemia with clinical suspicion of hemoglobinoathy
were advised HPLC by clinicians and also some
cases as reflex testing by pathology laboratory after
review of peripheral blood smear and RBC indices
were included in study. Clinical history, demographic
details were retrived from hospital records.

After informed consent from parents/guardian, blood
samples were collected in EDTA vacutainers and
were analyzed in automated hematological analyzer
Sysmex XN 350 for complete blood count.

Basic hematological workup including complete
blood count, hemoglobin. RBC indices and
peripheral smear examination was done for all cases.
% Hematological parameters considered were as
follows:

Hemoglobin (g/dl)

MCV(fl)

» RBC count (10 millions/ul)

> RDW

>
>

Inclusion Criteria
» Samples of all patients of both sexes from 6
months to 18 years in whom hemoglobinopathies
were suspected by treating clinician, family
history and advised HPLC by consultant
pathologist at the referrallaboratory after review
of peripheral blood smear and RBC indices.
» Siblings of index cases till 18 years of age.
Exclusion Criteria
» Previously diagnosed cases of
hemoglobinopathies
»  Within 90 days of blood transfusion
» Age < 6 months and > 18 years
The HPLC samples were collected in an EDTA tube
and were evaluated utilising Fully automated Matrix
- LIFOTRONIC H8 Heamoglobin analyzer which
functions on the principle of High-Pressure Liquid
Chromatography (HPLC), to separate HbF, HbA2
and other variants including HbE, HbS, HbD directly
with measuring the absorbance points continually to
form chromatogram. Using normal distribution curve
fitting auto-iterative algorithm and the column
comprises of a small cation exchange cartridge with
arequirement of only 12pul of blood sample, and each
sample taking only 7.5 minutes for analysis. The
samples are injected into the analysis stream and
separated by the cation exchange cartridge using a
phosphate ion gradient generated by mixing 2 buffers
of different ionic strengths to elute the different
haemoglobins. A dual wavelength filter photometer
monitors the eluent from the cartridge as it passes
through the photometer cell. Changes in optical
density at 415nm are measured. A secondary filter at
690nm corrects the effects caused by mixing buffers
of different ionic strengths. The data is processed and
the report giving the chromatogram where the
different peaks are identified in defined windows
with relevant information like retention time, relative
percentage and area.['!]
A haemoglobin A2/ haemoglobin F calibrator and
two levels of controls) were included in each run of
samples
The data collected were systematically compiled and
analysed. Qualitative variables were expressed as
percentages, while quantitative variables were
represented as percentages or as means accompanied
by standard deviations.

RESULTS

The present study is a retrospective study for a period
of 3years conducted in a referral laboratory. A total
of 169 cases were studied, out of which 48(70%)
cases were detected of abnormal haemoglobin and
the results are put forward in tabular form.
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Table 1: Distribution of all case (169) study

Hb Pattern No of cases Percentage
Normal Hb pattern 121 71.5%
Beta Thalassemia Trait 40 23.6 %
Compound heterozygous HbS with Beta Thalassemia | 03 1.7%
Sickle cell trait 1 0.6 %
Sickle cell disease 1 0.6 %
Raised HBF 3 1.7%
Total 169
Table 2: Age distribution in hemoglobinopathies
Compound
. . . heterozygous
Age group Tl'lalassemla SICk.le cell Sl.c e cell HbS wiilhg Beta High HbF Total
minor Trait Disease .
thalassemia
minor
6 months- 1 yr 2 2 4 (8.3%)
1-6yrs 16 1 17(35%)
6-12 yrs 15 1 16(33.33)
12-18 yrs 8 1 1 2 12(25%)
Table 3: Gender distribution of Cases
Gender % of total
30 62%
18 38%
Table 4: Haemoglobin profile in each case obtained on HPLC (mean+SD)
HbAO Variant Hb
Diagnosis (%=SD) HbA2(%:SD) HbF(%SD) ( HbS) (%=SD)
Beta Thalassemia minor | 90.95 4.6 1.8
Sickle cell trait 63.9 5.0 0 31.1
Sickle cell disease 0.1 2.6 8.9 88.4
Sickle cell 'Beta 56.0 51 174 329
Thalassemia
High HbF 24.7 0.3 74.3
Table 5: Comparative analysis of MCYV in various hemoglobinopathies
Compound
. . heterozygous Sickle cell Sickle cell .
MCV (1) Thalassemia Trait HbS wizlhg Beta trait disease High HbF Total
Thalassemia
50-65 38 (95%) 3 (100%) 2 (66.6%) 43 (89%)
65-80 2 (5%) 1(100%) 1(33.3%) 4(8.3%)
80-90 1 (100%) 1.(2%)
Table 6: HPLC Interpretation with CBC Hb(g/dl)
Hb( g/d]) HPLC findings Total
Compound
. . heterozygous HbS Sickle cell Sickle cell .
Thalassemia Trait with Be}tlf trait disease High HbF
Thalassemia
<5 g/dl 1 12%)
5-7g/dl 2 1 2 5(10%)
7-9 g/dl 06 1 1 8 (16.6%)
9-12 g/dl 34 34(70%)
Total 40 3 1 1 3 48
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Table 7: HPLC interpretation with CBC_RDW (CV)

RDW (CV) HPLC findings Total
Compound
Thalassemia Trait he.:terozygous HbS Sic!(le cell Sickle cell High HbF
with Beta trait disease
Thalassemia
10-15 6 1 7 (14.5%)
15-20 32 2 1 1 36 (75%)
20-30 2 1 2 5 (10.4%)
Total 40 3 1 1 3 48
Table 8: HPLC interpretation with CBC TRBC (106/ul).
ﬁgg/:l‘;““t HPLC findings Total
Compound
Thalassemia Trait h(?terozygous HbS Sic!{le cell Sickle cell High HbF
with Beta trait disease
Thalassemia
<2 0
2-3 1 1(2%)
3.4 1 1 2 4(8.3%)
4-5 05 2 1 8(16.6%)
>5 35 41(85%)
Total 40 3 1 1 3 48
Table 9: Haematological parameters (Mean) in different group of hemoglobinopathies
g")m"g"’b‘“"path‘es Hb(mean+SD) :g’eg:;’;]';; MCV(mean+SD) RDW(meanSD)
B Thalassemia Trait (40) 9.6+0.72 5.14+0.82 55.2+1.84 16=2.19
Compound heterozygous
HbS with Beta 7.8+1.8 4.8+0.73 69.5+4.5 19.1+3.4
Thalassemia (3)
Sickle cell trait (1) 7.7 44 65 18
Sickle cell disease (1) 6.2 4.1 72
High HbF (3) 6.4+0.3 5.1+0.4 61+3.2 17+2.1

Statistical data analysis was done on Microsoft Excel
2012. Continuous variables were expressed as mean
SD. Categorical variables were expressed in
frequencies and percentages. Data obtained was
tabulated using version 22 of the statistical package
for social sciences

DISCUSSION

Anemia is defined as a reduction of the total
circulating red cell mass below normal limits. In
India microcytic hypochromic anaemias are caused
predominantly by Iron deficiency and disorders of
haemoglobin synthesis due to abnormal variants of
Hb. Many of the abnormal variants of Hb are of little
clinical significance in heterozygous state, but when
in the homozygous state or combined with other
variants, they may give rise to severe disease. In any
given population, it is the children that are both most
vulnerable as well as most suitable for timely
intervention and efficacious treatment. Itis also this
pediatric age group that genuinely reflects the
challenges we are facing as a society from
hemoglobinopathies. India is an ethnically diverse
country with marked regional variation. This

diversity is reflected in the presence of different
hemoglobin variants in different ethnic groups.
Moreover due to migration, there is constant mixing
of people from different regions. Our study on
hemoglobinopathies in 6 months-18yrs of age group
was carried out in southeast Maharashtra.

In this study, total 169 cases were studied, normal Hb
pattern was found among more than half of
children.i.e.121 (70%) similar to study by Setia and
Bagga et al. & hemoglobinopathies was seen in 48
(30%) of cases similar to study by Mondol.l'Z
Among the children with hemoglobinopathies, the
most common hemoglobinopathy found was
Thalassemia trait amounting to 24.2 % of total
HPLCs performed. Second most common
hemoglobin pattern was sickle thalassemia trait and
least in number were sickle cell disease and sickle
cell trait. A study by ankita et al. shows Thalassemia
cases as predominant hemoglobinopathy.[3] In a
study by Behera and et al. sickle cell trait and disease
were the predominant hemoglobin patterns.!'#

In a study by shivangisolanki, sudhajain et al. Sickle
cell trait was the most frequent Hemoglobin
disorder.™!

Along with above three studies on pediatric
population, results of few other studies are mentioned
below in tabular form.
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Table 10: Comparative studies of abnormal haemoglobin variants with the present study.

Total no. Total no. Total no. of No. of most
Most common
. of of normal abnormal . common
Studies haemoglobinopathy .
samples pattern pattern Haemoglobinopathy
observed
analysed observed observed observed
Campbell et al. ['7 25750 24587 1163 Sickle cell trait 568
Sachdev et al. ¥ 2600 2273 327 Beta thalassemia trait 232
Rao et al. [” 800 553 247 Beta thalassemia trait 145
glh[%l drashekar et 343 00 543 Beta thalassemia trait 206
Bhalodia et al. 12! 500 457 43 Beta thalassemia trait 26
Pant et al. % 4800 4510 290 Beta thalassemia trait 216
Mondal et al. ¥ 119336 104804 14532 Beta thalassemia trait 5488
Banerjee et al. 4 1048 444 604 Beta thalassemia trait 156
Present Study 169 121 48 Beta thalassemia trait 40

Our study corresponds to most of the studies in above
table showing Beta Thalassemia trait as the
predominant hemoglobinopathy. The resident
population in India is multi-cultural and multi-
regional. This mixed ethnicity is reason for variable
distribution of hemoglobinopatheis across different
regions of India.['%)

Most of our patients belong to areas of south-East
Mabharashtra.

Hemoglobinopathies were reported in children who
were between 1-6 years (35%), followed by 6-12
years of age (33.3%) and >12 years of age (25%)
Males were predominantly affected (62%) similar to
study by Setia and Bagga et al.l'”l And study by
Ankita et al.l'!

Mean HbA2 for Thalssemia trait was 4.6%, Mean
HbS in sickle cell trait and sickle cell disease were
31.1% and 54.4 respectively. Three cases of High
HbF (70-80%) were found which were suspected to
be Thalassemia major clinically but their genetic
study results couldn’t be retrieved. In a study by
Syeda degermenci et al. Mean HbA2 in Thalassemia
trait in iron sufficient and iron deficient children was
4.9% and 4.1%respectively which corresponds to our
study as iron status was not determined in our
study.?® In a study by Ankita garg et al. mean HbA2
was 5.17%.0"3) Different authors have established
different cutoff values for HbA2 for diagnosis of Beta
Thalassemia Trait, which ranges from 3.5% to 4%. It
has been recommended that each laboratory should
establish individual normal ranges ['! In our study the
cut off value considered for Beta Thalassemia Trait
was >3.5%.

Comparative analysis of MCV showed that
maximum cases (89%) were having MCV in the
bracket of 50-65 fl. This could be due to predominant
case load of Thalassemia Trait in our study as MCV
values are low in Thalassemia traits.?]

Mean MCV in Thalassemia trait (Table no 9) is
55.2+1.84 fl. A study by Bhalodia et al. shows
59.5+6.1 fl 2!l and a study by sudke et al. which is a
pan india study shows mean MCV 57.9628+4.79 39,
Both these studies show similar results as our study.
Evaluation of Hemoglobin level amongst different
Hemoglobinopathies reflected that majority of the
Thalassemia cases had Hb level in the range of 9-12
g/dl. While sickle cell trait and sickle cell disease and
sickle —thalassemia cases had Hb in slightly lower

range i.e.5-7 g/dl and 7-9 g/dl. Levels of MCV and
Hb in our study correspond to a study by Richa jain
et al.l?”]

Assessment of RBC count showed maximum cases
(85%) with RBC count >5x10%ul.RDW was in the
range of 15-20 cv for maximum cases (75%). In a
study by Marwa Hasanet al. In the B-thalassemia
minor group, the mean (RBC count and RDW) were
5.96+0.71x10%uL and 15.33+1.29, RDW being
highly specific for diagnosis of Thalassemia Minor,
Which corresponds with our study."]

Results of Comparative evaluation of Mean+ SD of
all hematological parameters (Hb,MCv,RBC and
RDW) in different hemoglobinopathies are largely
comparable with a study by Bhalodia et al.[*!'! which
involves western Indian population and and a study
by Sudke et al., which is a nationwide study of a
network of reference laboratories.*%

CONCLUSION

A high frequency of hemoglobinopathies was found
in this region. It should be considered as a significant
cause of anemia in children and need to be diagnosed
early in order to prevent indiscriminate
administration of iron supplementation in all cases of
microcytic hypochromic anemia and also to reduce
morbidity and mortality in homozygous conditions.
premarital and antenatal screening are helpful in
detecting abnormal hemoglobin disorders and
identifying carrier states as well as double
heterozygous states which may lead to severe
haematological abnormalities.

HPLC is highly sensitive and specific and helps in
identifying hemoglobins and eluting hemoglobin
fractions like HbA, HbA2, HbF, HbS, HbD, HbE and
HbC
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