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 Haemoglobinopathies are genetic disorders arising due to defect in the 
globin chain of haemoglobin. It is relatively common amongst genetic 
disorders. Beta thalassemia and Sickle cell are two commonest types of 
haemoglobinopathy encountered and clinically range from mild or 
asymptomatic condition to life threatening condition requiring blood 
transfusions for survival. In India, haemoglobinopathies seen are both 
thalassemias and sickle cell syndromes. The aim of the study is to 
determine the prevalence of haemoglobinopathies at our tertiary care 
centre from the haemoglobin sample processed. Accordingly, the study 
estimated the haemoglobin variant by HPLC method on 100 patients over 
3 years and the diagnosis of haemoglobinopathies were confirmed after 
taking into consideration the results of variant study, haematological 
parameters and clinical profile of the patients. The results revealed out of 
100 patients, 27 patients showed abnormal haemoglobin variant study and 
the most common haemoglobinopathy observed was 17 cases of beta 
thalassemia trait, 4 cases of sickle cell trait, 4 cases of sickle beta 
thalassemia, and 1 case of haemoglobin E trait and beta thalassemia major. 
The abnormal haemoglobin most commonly prevalent was beta 
thalassemia trait which was similar to other studies done in India and 
many subpopulation studies. All haemoglobinopathies were advised family 
study for evaluation and future genetic implications. Haemoglobin E trait 
was diagnosed based on the retention time observed as the equipment 
failed to recognize the abnormal variant. One patient was on regular blood 
transfusion and was having beta thalassemia major haemoglobinopathy. 
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G R A P H I C A L A B S T R A C T 

 

Introduction 

Haemoglobinopathies are amongst the most 

common genetic disorders. These genetic 

disorders cause defect in the beta globin chain of 

haemoglobin. Haemoglobinopathies cause a wide 

spectrum of clinical presentation ranging from 

mild anemia to life threatening anemia requiring 

blood transfusion for survival and being an 

inherited disease needs early diagnosis and 

management and genetic counselling, to diagnose 

these disorders most commonly test and 

technique used is haemoglobin variant study by 

high performance liquid chromatography or 

HPLC method. The 2 most common haemoglobin 

variant seen are Beta Thalassemia and Sickle cell 

anemia.  

Haemoglobinopathies are relatively common 

genetic disorders and according to the World 

Health Organization (WHO), around 5% of 

human population have this genetic defect [1]. 

In India, about 15000 babies are born every year 

with thalassemia major [2], the prevalence of 

beta thalassemia carrier is around 3-4% [3-5]. 

Haemoglobin S is seen in tribal population of 

central, west and southern India and may reach 

upto 48% of the population [6]. Haemoglobin E is 

common in north eastern states where as 

Haemoglobin D is common in Punjab. 

Haemoglobin variants in India are relatively 

common as compared with worldwide data, and 

similarly it is the most common genetic disorder 

seen in India [3]. 

Haemoglobin variants are diagnosed with the 

help of clinical features along with investigative 

modalities like blood counts, indices and 

Haemoglobin separation studies like 

electrophoresis and HPLC methods.  

The Haemoglobin variants in our centre was 

studied by HPLC method of Haemoglobin 

separation which is a common alternative to 

electrophoresis [7, 8].  

The aim of the study is to determine the 

prevalence of haemoglobinopathies from the 

haemoglobin variant test conducted over 3 years 

at our tertiary care centre. This will in turn reveal 

the magnitude of the problem and thus allow 

early diagnosis and genetic counselling.  

The limitation of the study is the sample size of 

the test conducted and a larger sample size study 

will provide better prevalence rate of 

hemoglobinopathies.  

Materials and Methods  

The study was conducted over 3 years from 

beginning of 2020 to end of 2022 and involved 

100 patients. Patients having history of blood 

transfusion in previous 3 months were excluded 

from the study. 
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Clinical history, family history, and complete 

blood count with red blood cell indices and 

peripheral blood smears were analysed for each 

patient. 3 ml blood samples for estimating blood 

counts and red blood cell indices were collected 

in EDTA vacutainer and analysed by fully 

automated 5-part differential coulter for 

complete blood count and analysed by Bio-Rad 

D10 dual mode fully automated cation exchange 

HPLC analyser, peripheral blood smear was 

stained with Leishman stain. The samples were 

run after running and approval of quality control 

materials. 

The haemoglobin variant analysis by HPLC 

generated a chromatogram with different area 

peaks demonstrating individual fractions of 

haemoglobin separation which were identified 

using retention time. If the peak was not 

identified, it was labelled as unknown peak by the 

software. 

Diagnosis was made using the chromatogram 

interpretation in co-relation with the clinical, 

family history, and haematological profile of the 

patients. 

Haemoglobin electrophoresis is a similar, but old 

technique that can be used to study the various 

haemoglobin variants. However, since more than 

a decade HPLC method has become the 

investigation of choice for studying the variants 

as it provides good separation and has a large 

databank to identify unknown variants. 

Statistical analysis was done using SPSS software 

and Microsoft Excel. Data were expressed as 

mean and SD.     

Results and Discussion 

The Haemoglobin variant study was done on 100 

patients of which 73 were having normal 

haemoglobin variant and 27 were having 

haemoglobinopathy. The age group ranged from 

7 months to 84 years and mean age being 25 

years. In the normal haemoglobin variant group, 

the male: female ratio was 20:53, where as in the 

abnormal haemoglobin variant group the male: 

female ratio was 17:10. A chromatogram is 

considered normal if the total area was between 

1-5 million and had majorly HaemoglobinA0 and 

HaemoglobinA2 was less than 3.3% and 

Haemoglobin F < 0.8%. All abnormal 

Haemoglobin variants along with their 

haematological findings are shown in Table 1 and 

along with chromatographic concentrations of 

haemoglobin fractions based on globin chain is 

summarized in Table 2. 

 

Table 1: Haemoglobin variants along with haematological findings 

Diagnosis 
Total no 

of cases 

Percentage 

of cases 

(%) 

Age 

Mean 

±SD 

Haemoglobin 

Mean ±SD 

PBS findings 

red blood cell 

predominantly 

MCV 

Mean 

±SD 

MCH 

Mean 

±SD 

RDW 

Mean 

±SD 

Normal 

haemoglobin 

Variant 

73 73 26 ± 1.2 8.9 ± 2.5 
Normocytic, 

normochromic 

78 ± 

2.9 
31 ± 2 

13 ± 

1.8 

Beta 

thalassemia 

Major 

1 1 2 6.2 
Microcytic 

hypochromic 
64.4 27 21 

Beta 

thalassemia 

Trait 

17 17 26 ± 2.4 7.5 ± 1.5 
Microcytic 

hypochromic 

70 ± 

1.5 

29 

±1.4 

17 ± 

2.3 

Sickle beta 

thalassemia 
4 4 18 ± 2.1 6.7 ± 1.8 

Microcytic 

hypochromic 

66 ± 

2.5 

29 ± 

1.8 

19 ± 

1.2 

Sickle cell 

trait 
4 4 20 ± 1.2 9.3 ± 2.1 

Normocytic 

hypochromic 

72 ± 

2.1 

30 ± 

1.2 

15 ± 

1.3 

Haemoglobin 

E trait 
1 1 1 11 

Normocytic 

hypochromic 
76 30.2 15 

Haemoglobin: Haemoglobin, PBS: Peripheral blood smear, MCV: Mean Corpuscular Volume, MCH: Mean 

concentration of Haemoglobin, and RDW: Red blood cell distribution width. 
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Table 2: Haemoglobin variants and their chromatographic concentrations of haemoglobin fraction based on 

globin chains 

Diagnosis 
Haemoglobin A0 

Mean ±SD 

Haemoglobin A2 / 

Haemoglobin E 

Mean ±SD 

Haemoglobin F 

Mean ±SD 

Haemoglobin S 

Mean ±SD 

Normal 

haemoglobin 

variant 

84.3 ± 6.5 2.6 ± 1.1 1.3 ± 2.2 NIL 

Beta thalassemia 

major 
3.5 4.5 97.6 NIL 

Beta thalassemia 

trait 
82.9 ± 1.5 4.8 ± 3.5 1.4 ± 0.9 NIL 

Sickle beta 

thalassemia 
11 ± 1.4 4.1 ± 2.3 21.18 ± 3.8 60.9 ± 9.7 

Sickle cell trait 53.7 ± 7.1 3.3 ± 1.3 3.9 ± 2.1 31.7 ± 9.4 

Haemoglobin E trait 60.2 26.4 3 NIL 

 

In our study, 77 cases were having normal 

haemoglobin fractions (77%). Most common 

abnormal haemoglobin variant seen was beta 

thalassemia trait 17 cases (17%) of mean age 26 

years and having mean haemoglobin of 7.5 g/dl, 

the red blood cell indices, and PBS findings 

suggested microcytic hypochromic anemia and 

clinically asymptomatic. The only haemoglobin 

fraction elevated were HaemoglobinA2, having a 

mean value of 4.8% (Figure 1). 

Haemoglobin S was seen in 8 cases of which 4 

were sickle trait and 4 were sickle beta 

thalassemia heterozygous. Sickle cell trait 

Haemoglobin AS were asymptomatic with mean 

Haemoglobin S fraction of 31.7%, mild anemia 

(Haemoglobin – 9.3 g/dl), and having normal red 

blood cell indices and PBS findings (Figure 2). 

Sickle beta thalassemia cases were clinically 

symptomatic, with mean Haemoglobin S fraction 

of 60.9%, mean Haemoglobin F was 21.18 % few 

cases had history of blood transfusions, mean 

Haemoglobin was 6.7 g/dl and red blood cell 

indices, and PBS findings suggested microcytic 

hypochromic anaemia (Figure 3). 

We had 1 case of Beta thalassemia major who 

was a diagnosed case with history of blood 

transfusions having mean Haemoglobin F 97.6%, 

significant anemia (Haemoglobin–6.2 g/dl) with 

red blood cell indices and PBS showing 

microcytic hypochromic anemia (Figure 4). 

 

Figure 1: The significant mean changes in haemoglobin variant seen between normal subjects and those having 
Beta thalassemia trait 
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Figure 2: The significant mean changes in haemoglobin variant seen between normal subjects and those having 

Sickle cell trait 

 

Figure 3: The significant mean changes in haemoglobin variant seen between normal subjects and those having 

Sickle Beta thalassemia 

 

Figure 4: The significant mean changes in haemoglobin variant seen between normal subjects and those having 

Beta thalassemia major 
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1 case of Haemoglobin E trait was seen having 

mean Haemoglobin A2 – 26.4%, which based on 

the retention time and technical limitation of the 

machine Haemoglobin E coelutes with 

Haemoglobin A2 and having normal clinical and 

haematological profile a diagnosis of 

Haemoglobin E trait was made (Figure 5). 

In this study, Haemoglobin variant was seen in 27 

patients and the most common variant was beta 

thalassemia trait seen in 17 out of 27 patients. 

However, a wide range of abnormal haemoglobin 

variant ranging from 35 to 60% has been 

reported from various part of India [9, 10]. Beta 

thalassemia trait was in seen in 17% of total 

cases study and was the commonest variant seen, 

other studies have also found similar findings in 

their institution or regions [11-17]. The cases of 

beta thalassemia trait were characteristically 

asymptomatic with mild microcytic hypochromic 

with only abnormality noted in chromatograms 

were of HaemoglobinA2 between 4-8%. Slightly 

raised A2 levels as the only finding is also seen in 

vitamin B12/Folic acid deficiency, but it was 

differentiated from beta thalassemia based on 

red blood cell indices and vit B12/Folic acid 

estimation levels. 

Haemoglobin S or sickle Haemoglobin 

(Haemoglobin S) was seen in total 8 cases (8%) 

out of which 4 cases presented as sickle cell trait 

and 4 cases as sickle beta thalassemia. The 

prevalence of Haemoglobin S was lower as 

compared to other studies like Dash et al. [10] 

(29%) and Balgair et al. [9] (39.3%). However, 

the most common type of Haemoglobin S seen 

was sickle cell trait Haemoglobin AS which was 

similar to other studies. Cases of sickle beta 

thalassemia were anaemic with PBS picture of 

microcytic hypochromic anaemia, whereas sickle 

cell trait was asymptomatic. 

One case of beta thalassemia major was seen 

which was having significant anaemia and 

haemoglobin of 6.2 g/dl on repeated blood 

transfusion with typical chromatogram of 

Haemoglobin F as most prominent band. 

One case of Haemoglobin E trait was identified 

which was clinically asymptomatic and 

haematologically normal with only prominent 

finding of HaemoglobinA2 26.4% and based on 

retention time diagnosis of Haemoglobin E was 

made. 

 

Figure 5: The significant mean changes in haemoglobin variant seen between normal subjects and those having 

HbE trait. Co-elution of HbE and HbA2 is seen 
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Conclusion 

Beta thalassemia trait is very common in most 

parts of India, which was also seen in this study. 

The condition although is asymptomatic but 

holds significant clinical outcome if both parents 

are beta thalassemia trait and the child becomes 

beta thalassemia major, a significant clinical, 

mental, and financial burden to the whole family. 

Hence, the identification of beta thalassemia trait, 

evaluation, and genetic counselling can help and 

guide the patient and family, similarly this is true 

for all haemoglobinopathies. The novelty of the 

study is that it addresses to an extent the 

prevalence of haemoglobinopathy amongst the 

local population accessing the tertiary care centre 

and help provide necessary services. 

HPLC is a simple, sensitive, and accurate method 

to identify Haemoglobin variant in an individual, 

but the chromatogram data should always be 

interpreted with clinical findings and family 

history of the patient.  

Acknowledgements 

The authors would like to acknowledge the 

institute and all concerned departments and 

staffs for sharing the clinical and laboratory data 

and their support. 

Disclosure Statement 

No potential conflict of interest was reported by 

the authors. 

Funding 

This research did not receive any specific grant 

from funding agencies in the public, commercial, 

or not-for-profit sectors. 

Authors' Contributions 

All authors contributed to data analysis, drafting, 

and revising of the paper and agreed to be 

responsible for all the aspects of this work. 

ORCID 

Pradnya Phalak 

https://orcid.org/0000-0003-4747-4302 

Abhijit Pratap 

https://orcid.org/0000-0001-8265-7687 

Ethics approval and consent to participate 

All clinical investigations must be conducted 

according to the Declaration of Helsinki 

principles. The authors must comply with the 

guidelines of the International Committee of 

Medical Journal Editors (www.icmje.org) with 

regard to the patient’s consent for research or 

participation in a study. Patients' names, initials, 

or hospital numbers must not be mentioned 

anywhere in the manuscript (including figures). 

Editors may request that authors provide 

documentation of the formal review and 

recommendation from the institutional review 

board or ethics committee responsible for 

oversight of the study. 

References 

[1]. Weatherall D.J., Clegg J.B., Inherited 

haemoglobin disorders: An increasing global 

health problem, Bulletin of the World Health 

Organization, 2001, 79:704 [Google Scholar], 

[Publisher] 

[2]. Chandy M., Developing a National Programme 

for India. In: Control and management of 

Thalassemia and other Haemoglobinopathies in 

the Indian Subcontinent_ Synoptic Views, 

Editor:Ghosh K, Colah R. Published by National 

institute of Immunohaematology, 2008 

[3]. Madan N., Sharma S., Sood S.K., Colah R., 

Frequency of β-thalassemia trait and other 

Haemoglobinopathies in northern and western 

India, Indian Journal of Human Genetics, 2010, 

16:16 [Crossref], [Google Scholar], [Publisher] 

[4]. Sinha S., Black M.L., Agarwal S., Colah R., Das 

R., Ryan K., Bellgard M., Bittles A.H., Profiling β-

thalassaemia mutations in India at state and 

regional levels: implications for genetic 

education, screening and counseling 

programmes, The HUGO journal, 2009, 3:51 

[Crossref], [Google Scholar], [Publisher] 

[5]. Mohanty D., Colah R.B., Gorakshakar A.C., 

Patel R.Z., Master D.C., Mahanta J., Sharma S.K., 

Chaudhari U., Ghosh M., Das S., Britt R.P., 

Prevalence of β-thalassemia and other 

Haemoglobinopathies in six cities in India: a 

multicentre study, Journal of community genetics, 

2013, 4:33 [Crossref], [Google Scholar], 

[Publisher] 

https://orcid.org/0000-0003-4747-4302
https://orcid.org/0000-0001-8265-7687
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inherited+haemoglobin+disorders%3A+An+increasing+global+health+problem%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inherited+haemoglobin+disorders%3A+An+increasing+global+health+problem%2C+&btnG=
https://doi.org/10.4103%2F0971-6866.64941
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Frequency+of+%CE%B2-thalassemia+trait+and+other+Haemoglobinopathies+in+northern+and+western+India%2C+&btnG=
https://www.ijhg.com/frequency-of-thalassemia-trait/
https://doi.org/10.1007/s11568-010-9132-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Profiling+%CE%B2-thalassaemia+mutations+in+India+at+state+and+regional+levels%3A+implications+for+genetic+education%2C+screening+and+counseling+programmes%2C+&btnG=
https://thehugojournal.springeropen.com/articles/10.1007/s11568-010-9132-3
https://doi.org/10.1007/s12687-012-0114-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prevalence+of+%CE%B2-thalassemia+and+other+Haemoglobinopathies+in+six+cities+in+India%3A+a+multicentre+study&btnG=
https://link.springer.com/article/10.1007/s12687-012-0114-0


Phalak P., and Pratap A., / J. Med. Chem. Sci. 2023, 6(11) 2841-2848 

2848 | P a g e  

 

[6]. Urade B.P., Sickle Cell Gene Scenario in tribal 

India, Journal of Health Medical Information, 

2012, 3:1 [Crossref], [Google Scholar], [Publisher] 

[7]. Tyagi S., Saxena R., Choudhry V.P., HPLC--how 

necessary is it for haemoglobinopathy diagnosis 

in India? Indian journal of pathology & 

microbiology, 2003, 46:390 [Google Scholar], 

[Publisher] 

[8]. Rao S., Kar R., Gupta S.K., Chopra A., Saxena R., 

Spectrum of haemoglobinopathies diagnosed by 

cation exchange-HPLC & modulating effects of 

nutritional deficiency anaemias from north India, 

The Indian journal of medical research, 2010, 

132:513 [Crossref], [Google Scholar], [Publisher] 

[9]. Balgir R.S., Spectrum of haemoglobinopathies 

in the state of Orissa, India: a ten years cohort 

study, The Journal of the Association of Physicians 

of India, 2005, 53:1021 [Google Scholar], 

[Publisher] 

[10]. Dash N.R., Mohanty B., Spectrum of 

haemoglobinopathies at a tertiary care hospital in 

Bhubaneswar, Orissa, India, J of Evidence Based 

Med & Hlthcare, 2015, 2:5101 [Crossref], 

[Publisher] 

[11]. Mondal S.K., Dasgupta S., Mondal S., Das N., 

Spectrum of thalassaemias and 

haemoglobinopathies in West Bengal: a study of 

90,210 cases by cation exchange 

high‑performance liquid chromatography 

method over a period of 8 years, Journal of 

Applied Hematology, 2014, 5:91 [Crossref], 

[Google Scholar], [Publisher] 

[12]. Biswas A.K., Philip J., Incidence of 

haemoglobinopathies and haemoglobin variants 

using HPLC as a diagnostic tool in 6500 anemic 

patients in a tertiary care center in western India, 

Indian J Appl Res, 2016, 6:214 [Crossref], [Google 

Scholar], [Publisher] 

[13]. Gupta P.K., Kumar H., Kumar S., Jaiprakash 

M., Cation exchange high performance liquid 

chromatography for diagnosis of 

haemoglobinopathies, Medical Journal Armed 

Forces India, 2009, 65:33 [Crossref], [Google 

Scholar], [Publisher] 

[14]. Bhalodia J.N., Oza H.V., Modi P.J., Shah A.M., 

Patel K.A., Patel H.B., Study of 

haemoglobinopathies in patients of anemia using 

high performance liquid chromatography (HPLC) 

in Western India, National Journal of Community 

Medicine, 2015, 6:35 [Google Scholar], [Publisher] 

[15]. Sachdev R., Dam A.R., Tyagi G., Detection of 

Haemoglobin variants and haemoglobinopathies 

in Indian population using HPLC: report of 2600 

cases, Indian journal of pathology and 

microbiology, 2010, 53:57 [Crossref], [Google 

Scholar], [Publisher] 

[16]. Chaudhury S.R., Roy H., Bhattacharyya N.K., 

Mondal P.K., Biswas P.K., Roy S., Spectrum of 

haemoglobin variants in eastern Indian 

population; a study of 14,145 cases, Al Ameen J. 

Med. Sci., 2013, 6:243 [Publisher] 

[17]. Singh J., Saxena M., Ahmad F., Kumar A., 

Awasthi S., Dutta S., Spectrum of 

haemoglobinopathies and thalassaemias 

diagnosed on hplc in a tertiary teaching hospital 

of northern India, National Journal of Laboratory 

Medicine, 2016, 5:70 [Publisher] 

 

 
 
HOW TO CITE THIS ARTICLE 
Pradnya Phalak, Abhijit Pratap. Haemoglobin Variant Study by HPLC Method at a Tertiary Care Centre. J. Med. Chem. Sci., 
2023, 6(11) 2841-2848. 

DOI: https://doi.org/10.26655/JMCHEMSCI.2023.11.29 
URL: https://www.jmchemsci.com/article_176193.html 

 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=HPLC--how+necessary+is+it+for+haemoglobinopathy+diagnosis+in+India%3F&btnG=
https://europepmc.org/article/med/15025281
https://doi.org/10.4103%2F0971-5916.73390
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Spectrum+of+haemoglobinopathies+diagnosed+by+cation+exchange-HPLC+%26+modulating+effects+of+nutritional+deficiency+anaemias+from+north+India&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3028946/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Spectrum+of+haemoglobinopathies+in+the+state+of+Orissa%2C+India%3A+a+ten+years+cohort+study%2C+&btnG=
https://europepmc.org/article/med/16572956
10.18410/jebmh/2015/711
https://www.researchgate.net/publication/285369342_SPECTRUM_OF_HAEMOGLOBINOPATHIES_AT_A_TERTIARY_CARE_HOSPITAL_IN_BHUBANESWAR_ORISSA_INDIA
https://doi.org/10.4103/1658-5127.141993
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Spectrum+of+thalassaemias+and+haemoglobinopathies+in+West+Bengal%3A+a+study+of+90%2C210+cases+by+cation+exchange+high%E2%80%91performance+liquid+chromatography+method+over+a+period+of+8+years%2C+&btnG=
https://www.jahjournal.org/article.asp?issn=1658-5127;year=2014;volume=5;issue=3;spage=91;epage=95;aulast=Mondal
https://doi.org/10.1016/S0377-1237(09)80051-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cation+exchange+high+performance+liquid+chromatography+for+diagnosis+of+haemoglobinopathies%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cation+exchange+high+performance+liquid+chromatography+for+diagnosis+of+haemoglobinopathies%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0377123709800518
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+haemoglobinopathies+in+patients+of+anemia+using+high+performance+liquid+chromatography+%28HPLC%29+in+Western+India%2C+&btnG=
https://njcmindia.com/index.php/file/article/view/1125
https://doi.org/10.4103/0377-4929.59185
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Detection+of+Haemoglobin+variants+and+haemoglobinopathies+in+Indian+population+using+HPLC%3A+report+of+2600+cases%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Detection+of+Haemoglobin+variants+and+haemoglobinopathies+in+Indian+population+using+HPLC%3A+report+of+2600+cases%2C+&btnG=
https://www.ijpmonline.org/article.asp?issn=0377-4929;year=2010;volume=53;issue=1;spage=57;epage=62;aulast=Sachdev
http://ajms.alameenmedical.org/ArticlePDFs/11%20AJMS%20V6.N3.2013%20p%20243-248.pdf
https://www.njlm.net/articles/PDF/2149/19972_F(P)_PF1(VsuGH)_PFA(GH)_PF2(VsuGH).pdf
https://doi.org/10.26655/JMCHEMSCI.2023.11.29
https://www.jmchemsci.com/article_176193.html

