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HIGH PERFORMANCE LIPID CHROMATOGRAPHIC PATTERN OF CHILDREN WITH

SICKLE CELL ANAEMIA IN ENUGU NIGERIA

ABSTRACT

High Performance Lipid Chromatographic pattern of children with Sickle cell anaemia in Enugu

Nigeria.

Introduction:The inheritance of two abnormal hemoglobin genes one of which must be the
hemoglobin S (Hb S) result in Sickle cell disease (SCD). SCD may result from inheritance of 2
Hb S genes (Homozygous SCD or SCA) or co=inheritance of Hb S with a second abnormal -
globin chain variant, such as a hemoglobin C (HbSC disease) or -thalassemia allele (HbSp-
thalassemia). SCA is the most common and most severe of the SCD. The clinical severity of
SCA is varable and dependent on environmental, geographical as well as genetic factors. Such
factors include the variable and unpredictable phenotypic expressions of Hb variants in the same
individual..It is therefore imperative to characterize the Hb variants in children with SCA as this
will enable proper risk classification necessary to enhanced management. HPLC is the most
validated method for screening and detection of various hemoglobinopathies. HPLC also

provides precise quantification of haemoglobin A2, haemoglobin F and variant haemoglobin.

Methodology: This was a cross-sectional study involving 75 children with sickle cell anaemia
aged 1 to 17years, on follow-up at the clinic. Patients on hydroxyurea or who received blood

transfusion within the previous four months were excluded. This study described the quantity of



HbS, HbA2, HbF and other Hb phenotypes (if any) of children with HbSS obtained using HPLC
assay. Following due ethical protocols, the D-10 HPLC machine (BIO-RAD D-10) was used to
separate the haemoglobin in venous blood samples based on their ionic gradients and quantify
them by the principle of variable absorbance.The participants’ sociodemographic data were

recorded.

Results: There were 48 females (62.7%) and 27 males (37.3%) in age range 6 months = 17 years
and socioeconomic classes lower (16.0%), middle (57.3%) and upper (26.7%). Majority had HbF
below 10% (46.7%), HbS above 80% (43%) and HbA2 of 4% and below in'84%. The proportion
with HbS/HbA2/HbF levels suggestive of Beta thalassemia was 16%, 25% males compared to
10.6% females. Females had higher HbF levels while males had higher HbS and HbA2 levels but
no statistical significance existed in these relationships as well as between the socioeconomic
classes. A significant negative relationship was found between age and HbF (r = -.424, p < .001)
while a significant positive relationship between age and HbS (r = .287, p = .013) and between

age and HbA2 (r =.265, p =.022). No other Hb variant was identified.

Conclusion: High HbS and low HbF levels imply adverse clinical course for this group of
patients,moreso in the older age groups. This is irrespective of gender. Co-existent f-

thalassaemia-traits may be the rare Hb variant in SCA children in South-east Nigeria.

Keywords: HPLC, HbS, HbA2, HbF, §- thalassemia, SCA



Introduction

Sickle cell disease (SCD) is a heterogenous group of autosomal recessive disorders characterized
by the inheritance of at least one hemoglobin S (Hb S) allele’, a result of mutations.in the p-
globin gene of the haemoglobin (Hb) molecule. SCD may result from inheritance of 2 Hb S
genes (Homozygous SCD or SCA), co-inheritance of Hb S with a second abnormal B-globin
chain variant, such as a hemoglobin C (HbSC disease) or B-thalassemia allele (HbSf-
thalassemia). SCA is the most common of the SCD and has diverse clinical presentation and
severity in childhood. It has been suggested that variable and unpredictable phenotypic
expressions of Hb variants contribute to the clinical diversity and-management challenges in
SCAZ. It is therefore imperative to characterize the:Hb'variants in children with SCA for proper

risk classification and enhanced management.

Introduction: Nigeria has an SCA prevalence rate of 2-3%, the highest in Sub-Saharan Africa.
SCA accounts for 20%.neonatal mortality:rate and 5% of under-5 mortality rate (USMR) in the
African continent. In Nigeria. SCD accounts for 4.2% of the national USMR**°. Regardless of
the huge burden, the management of SCA in Nigeria is still widely limited to supportive,
symptomatic, preventive measures®. In addition, variation in HbF level, the B-globin gene
haplotype locale and the co-inheritance of B or a-thalassaemia and other Hb variants are among
the environmental and genetic factors contibuting to the heterogenous clinical severity of SCA’.
For instance, individuals with sickle cell beta thalassemia (Hb S/p Th) have one abnormal beta
chain, B°, and a defective beta-globin gene, either in decreased synthesis, ¥, or complete absence

of synthesis, p°. There is production of abnormal hemoglobin, as well as the decreased synthesis



of beta globin chains. A patient positive for sickle cell beta thalassemia is indicated by higher
than normal fetal hemoglobin (HbF), HbA2 and HbS and little to no presence of adult
hemoglobin (Hb A). Hence in co-existent beta thalassemia if a small amount of normal
hemoglobin is produced, B* an individual may have milder symptoms of sickle cell disease.
However, if no normal hemoglobin, p°, is produced, an individual is almost clinically identical to
sickle cell anemia. Thus proper classification of patients is pivotal to effective management.
HPLC is the most validated method for screening and detection of various hemoglobinopathies.

It provides rapid, reproducible, and precise results®*°

. HPLC also provides precise quantification
of haemoglobin A2, haemoglobin F and variant haemoglobin®'. Quantification of haemoglobin
A2 is suitable for the diagnosis of B-thalassaemia trait. Moreover, HPLC is particularly useful in
low income settings in place of the expensive and unavailable but gold standard genetic
studies'’. HPLC however, is unable to detéct alpha thalassemia, normal A2 beta thalassemia or
other hemoglobinopathies that elute with a similar retention values on HPLC'?. Establishment of
levels of HbS, HbA2, HbF and other. Hb phenotypes will serve as a screening guide to possible
clinical variability in children with SCA.We assessed the percentages (Hb quantification) of
different haemoglobin types (HbS, HbA2 and HbF) in relation to age, sex and socio-economic

class (SEC) among individuals with sickle cell anaemia (HbSS) using HPLC in order to

determine thedistribution of co-existent Hb variants among the groups.
Methods:

Study area/design/duration: This was a hospital-based, cross-sectional study conducted at the
Paediatric Haematology clinic of Enugu State University Teaching Hospital (ESUT-TH),
Parklane, ESUT-TH is a tertiary institution in the South-East Nigeria. This study described the

quantity of HbS, HbA2, HbF and other Hb phenotypes of children with HbSS obtained using



HPLC assay. The study population comprised of children with sickle cell anaemia aged 1 to 17
years, on follow-up at the clinic over 3 years (2019 -2022). Ethical approval for the study was
obtained from the institutional review board, with Institutional Ethical Clearance (IEC) number
ESUTHP/-MAC/RA/034/\VOL.3/197. Written informed consent was obtained from each
parent/patient. Patients on hydroxyurea or who received blood transfusion within the previous
four months were excluded. Bio-data (name, age, sex) and socio-demographic history (parents’
occupation and education) of all participants were documented at their initial presentation to the
clinic at which time whole venous blood samples were collected into vacutainer vials (K;EDTA,
BD Diagnostics, USA) using standard venipuncture technique. Blood specimens were stored up
to 4 days at 2-8 °C or 1 day at room temperature (15-30 °C/?20-25°C and used within 4-5
hours. The samples were automatically diluted (with wash diluent) on the D-10 HPLC machine
(BIO-RAD D-10) and injected into the analytical cartridge. The D-10 delivers a programmed
buffer gradient of increasing ionic strength (Elution Buffer 1 and 2) to the cartridge, where the
hemoglobins are separated based on their ionic interactions with the cartridge material. The
separated hemoglobins then passed through the flow cell of the filter photometer where changes
in the absorbance at 415 nm were measured. Two-level calibration (HbA2/F/Alc Calibrator) was
used for quantification of the obtained electrophoretic values. A sample report was generated for
each sample while quality control values (Lyphochek HbA2 controls levels 1 and 2) were used to
compare results."Hb phenotypes and their quantity obtained were documented. The
socioeconomic class for the parents was determined on the basis of their occupation and the
highest level of education, as recommended by Oyedeji**. The 5 socioeconomic classes initially

generated (I to V) were later reclassified into 3 major social classes, namely upper (I and 11),



middle (111), and lower (1V and V) class*®. Data was analyzed using IBM Statistical Package for

Social Sciences (SPSS) software, Version 20.

Results:

Table 1 present the demographic characteristics of the children under study. 75 SCA children,
made up 48 females (62.7%) and 27 males (37.3%) participated in the study. Their age ranged
from 6 months — 17 years with mean and standard deviation 0f 8.13+5.18. Their socioeconomic

class was lower class (16.0%), middle class (57.3%) and upper:class (26.7%).

Table 11 shows that HbF of the patients ranged from 1.9-32.8 with mean and standard deviation,
11.77+7.31 and majority with HbF below 10 (46.7%). For HbS, majority of them were above
80%; the range was 48.4-93.7 and the mean and standard deviation was 79.58+9.44. For HbA2,
the range was 0.8-9.0, the mean and standard deviation was 3.39+1.07 and majority were 4 and

below.

Table 111 compared the proportions of HbF, HbA2 and HDbS between male and female
participants. .Females had higher HbF (12.24+7.26) than males (10.98+7.45) although the
difference was not significant (p = .472). For HbS the males had higher values (80.93+7.73) than
the females (78.77+10.32) similar to HbA2 (3.63+0.76) for males and (3.24+1.21) for females.
These differences likewise were not statistically significant[(p = .341);(p = .125)] for HbS and

HbA2 respectively.



There was a significant negative relationship between age and HbF (r = -.424, p < .001). There
was also a significant positive relationship between age and HbS (r = .287, p = .013) and
between age and HbA2 (r = .265, p =.022). This is represented in Table IV.

There were no statistically significant differences in the levels of HbS, HbA2 and HbF between
the socio-economic classes. The proportion of participants with higher than normal HbS and HbF
with HbA2 (>4%) and low levels of Hb A [suggestive of Beta thalassemia] was 16%, 25% males
compared to 10.6% females (Table V), this gender difference was not significant (p:>0.05).No

other haemoglobin variant was identified in this study.



DISCUSSIONS:

Our data [combination of high Hb S and Hb F, reduced Hb A in the presence of high Hb
A2(>4%)], suggests co-existence of only B- thalassaemia trait'* in 16% of our HbSS participants.
This runs contrary to an earlier study in the South-western part of Nigeria where o and f-
thalassaemia traits as well as other haemoglobin variants such as HbC, Hb D Punjab were found
to frequently co-exist with HbS*®. However, the present study unlike the previous neither
evaluated the peripheral blood smear nor the full blood count (FBC) to establish the co-
inheritance of B- thalassaemia. Other investigators have also reported HbAZ2 values of over 4%
among some patients with HbSS which suggest a possibility of co-existing thalassaemia'®*’.
Elevated HbA2 level is said to reduce the minimum gelling concentration of HbS*® thereby
ameliorating its effect. Thus, HbSS individual with co-existent f*-thalassemia where small
amount of normal hemoglobin is produced have been reported to have milder symptoms of sickle

cell disease'®*’. This is thus the expected outcome for those participants whose HbF, HbA2 and

HDbS levels seem to mimic SP*-thalassemia.

HDbS levels less than 30% has been associated with reduced incidence of complications such as
stroke, acute:chest syndrome; sickle nephropathy, osteonecrosis and other complications™.
Ordinarily such low levels are achieved with the use of therapeutic options like chronic blood
transfusion?’. and hydroxyurea®. However, majority of our participants had high HbS levels
>80% especially the males and those in age groups 5-8 and 13-17 years.This connotes that these
class of participants may run a more severe disease course. Poor outcomes at the adult transition
age and in adolescents with SCA have been previously documented, being attributed to poor

health-seeking and poor selfcare in them??3. High concentrations of HbS of 80 to 90% in red



blood cells is usual in individuals with HbSS phenotype and is associated with severe disease?”.
One may only presume that the (older males) in this study will have more clinically significant
adverse outlook than the females since their higher HbS levels was not significantly different

from the female levels statistically .

The mean (£SD) HbF level of 11.77+7.31%, range 1.9 - 32.8% in our Hb SS population is
comparable to 8.05+5.07%, range 0.4 - 25.5% observed by Adeyemo and‘co™ in South=west
Nigeria. In contrast, lower ranges of 7.4 - 9.5% have been noted in other previous Nigeria
studies®?°. Variation in HbF levels have been attributed to differing haplotypes in people of

different races®’?

as well as methodological differences of the various studies within a
race?>?#% gych methodological differences include the use of the more precise HPLC as in
our study and that of Adeyemo and co™ and the use of alkali denaturation method of Hb F
estimation which predisposes to under-estimation®.. It is.noteworthy that all of these studies

reported a close association between HbF levels and clinical presentations of their participants.

Several studies have observed higher Hb E levels in Hb SS females than males, these been with
statistical significance (P=0:02) in some™>?%3%% pyt not in others***°. Similar to this study,
Ugwu and co-investigators®®; in an earlier study in the same region as well as other

35,36

reseachers noted higher HbS among males and lower HbA2 and HbF when compared to

females. Common to these investigators, these gender differences were not statistically
significant. The autosomal recessive mode of inheritance of HbSS with equal sex affectation®>°
as well as multiple gene loci (including Xp22.2 locus on the X chromosome)*” which the

inheritance of HbF is dependent on has been postulated as the reasons for these observed gender

differences for HbS and HbF respectively.



Similar to our study a significant negative correlation between age and HbF levels in Hb SS
patients (r = -.424, p <.001) have been observed by other Nigerian investigators (r=-0.169,
P=0.038)">%. HbF levels inversely proportional to HbS levels has also been reported® as did our
study. This lends credence to the fact that symptoms associated with SCA do not fully manifest
until hemoglobin switch from fetal to adult takes place around six months of age®*. In

conclusion the chromatographic pattern of haemoglobin types in SCA patients should be

established as a prelude to evaluation of disease severity.



REFERENCES

1. Bean C.J, Hooper W.C, Ellingsen D, DeBaun M.R, Sonderman J, Blot W.J. Discordance
between self-report and genetic confirmation of sickle cell disease status in African-
American adults. Public Health Genomics. 2014;17:169-172.

2. IsaHA, Adegoke SA, Madu AJ, et al. Sickle Cell Disease Clinical Phenotypes in
Nigeria: A preliminary analysis of the Sickle pan Africa Research consortium (SPARCO)
Nigeria Database. Blood Cells Mol Dis 2020; 84: 102438.

3. National Population Commission(Nigeria and ICF), Nigerian Demographic and Health
Survey 2018, National Population Commission Nigeria and ICF Abuja and Rockuville,
2019.

4. Uyoga S, Machana A.W and Mochama G. The epidemiology of sickle cell disease of
children recruited in infancy in Kilifi, Kenya: a prospective cohort study. Lancet Glob
Health. 2019:7:1458-66.

5. Nigerian Ministry of Health, National Policy and Strategic Plan of action on prevention
and control of Non-Communicable Diseases (NCDs). Non-Communicable Diseases
Control Programme, Federal Ministry of Health Abuja, Nigeria May 2013.

6. Fowora M:A. Adherence to Self-Care Management of Sickle Cell Disease Among
Caregivers submitted in partial fullfillment of the doctoral dissertation of Walden
University 2016.

7. Cajado C, Cerqueira B.A.V, Couto F.D and Moura-Neto J.P. TNF-alpha and IL-8:
Serum levels and gene polymorphisms (308G>A and 251A>T) are associated with
classical biomarkers and medical history in children with sickle cell

anaemia. Cytokine. 2011;56(2):312-317.



10.

11.

12.

13.

14.

15.

Moorchung N, Phillip J, Sarkar R.S, Prasad R and Dutta V. Is high pressure liquid
chromatography an effective screening tool for characterization of molecular defects in
hemoglobinopathies?. Indian J Pathol Microbiol. 2013;56:36-9.

Bender M.A. and Hobbs .W. Sickle Cell Disease. In: Pagon RA, Bird TD, Dolan CR,
Stephens K, Adam MP, editors. Genereviews. Seattle (WA)1993.

Bravo-Urquuiola M, Arends A, Montilla S, Velasquez D, Garcia G, Alvarez M, et al.
Advantages in the use of high performance chromatography technique.for screening
hemoglobinopathies in Venezuela. Invest Clin. 2004;45: 309-15.

Guideline-The laboratory diagnosis of haemoglobinopathies. Br J
Haematol.1998;101(4):783-92. doi: 10.1046/j.1365-2141.1998.00809.x. PMID: 9674756.
Sachdeva R, Dam A.R and Tyagi G. Detection of Hb variants and hemoglobinopathies in
Indian population using HPLC: Report of 2600 cases. Indian J Pathol Microbiol.
2010;53:57-62.

Oyedeji G.A. Socio-economic and cultural background of hospitalized children in llesha.
Nig J Paediatr 1985; 12: 111-117.

Giordano P.C. Strategies:for basic laboratory diagnostics of the haemoglobinopathies in
multi-ethnic societies: interpretation of results and pitfalls. Inter J of Lab

Haematology. 2013;35(5):465-479.

Adeyemo. T, Ojewunmi. O and Oyetunji. A. Evaluation of high performance liquid
chromatography (HPLC) pattern and prevalence of beta-thalassaemia trait among sickle

cell disease patients in Lagos, Nigeria. Pan Afr Med J. 2014; 18: 71.



16.

17.

18.

19.

20.

21.

22,

23.

Akinbami A, Uche E and Dosumu A. Haemoglobin F and A2 profiles among sickle cell
anaemia patients in Lagos State Univrsity Teaching Hospital (LASUTH), Nigeria. Ann
Trop Pathol. 2018; 9: 26- 31

Craver R.D, Abermanis J.G and Warrier R.P. Hemoglobin A2 levels in healthy persons,
sickle cell disease, sickle cell trait, and beta-thalassemia by NI Ugwu, NN Okehukwu ,
CN Ugwu, et al capillary isoelectric focusing. Am J Clin Pathol 1997;107:88-91.

Omoti C.E and Omuemu C.E. The modurating effect of haemoglobin A2 on-morbidity in
sickle cell anaemia patients. Int J Biol Chem Sci. 2007; 1(3): 287 =292,

Himchak E.L, Friedman R and Himchak S. Optimizing hemoglobin S percentage for
pediatric sickle cell disease patients chronically transfused with red cell exchange. Adv
Cytol Pathol. 2018; 3(3): 68 — 72.

Howard J. Sickle cell disease: when and how to transfuse. Hematology Am Soc Hematol
Educ Program. 2016;2016(1):625-631. doi: 10.1182/asheducation-2016.1.625. PMID:
27913538; PMCID: PMC6142434.

McGann P.T and Ware R.E. Hydroxyurea therapy for sickle cell anemia. Expert Opin
Drug Saf. 2015;14(11):1749-58. doi: 10.1517/14740338.2015.1088827. Epub 2015 Sep
14. PMID: 26366626; PMCID: PMC5868345.

Jenerette C, Brewer C, Ataga K. Care seeking for pain in young adults with sickle cell
disease. Pain Management Nursing. 2014;15:324-330.

Yusuf H, Atrash H, Grosse S, Parker C and Grant A. Emergency department visits made
by patients with sickle cell disease: A descriptive study, 1999-2007. American Journal of

Preventive Medicine. 2010;38:5536-S541.22.



24,

25.

26.

27.

28.

29.

30.

31.

32.

Momodu I and Yusuf A.A. The Percentage Levels of HbS, HbF and HbA2 in Patients
with Sickle Cell Diseases Using HPLC: A Diagnostic Guide to the Physicians.
International Journal of Advances in Medical Sciences. 2018; 3(3): 8 — 13.

Kotila T.R, Fawole O.I and Shokumbi W.A. Haemoglobin F and clinical severity of
sickle cell anaemia among Nigerian adults. African Journal of Medicine and Medical
Science. 2000;29(3-4):229-231.

Fatunde O.J and Scott-Emuakpor A.B. Haemoglobin F and A2 in Nigerian children with
sickle cell anaemia. J Trop Pediatr. 1993;39(4):251-252.

Steinberg M.H. Genetic etiologies for phenotypic diversity in sickle cell

anaemia. Scientific World Journal. 2009;9:46-67.

Akanni E.O, Oseni B.S, Bamisaye E.O; Raji:A.A, Mewoyeka 0.0, Hassan RO et al..
Haemoglobin F level in different haemoglobin variants. Korean Journal of Hematology.
2011;46(2):118-122.

Isah 1.Z, Udomah F.P, Erhabor O, Aghedo F, Uko E.K, Okwesili A.N, et al. Foetal
haemoglobin levels.in sickle cell disease patients in Sokoto, Nigeria. British Journal of
Medical and Health Sciences. 2013;1(6):36-47.

Enosolease M.E, Ejele ©.A and Awodu O.A. The influence of foetal haemoglobin on the
frequency of vaso-occlusive crisis in sickle cell anaemia patients. Niger Postgrd Med
J.2005;12(2):102-105.

Colah R.B, Surve R, Sawant P, D'Souza E, Italia K, Phanasgaonkar S. et al. HPLC
Studies in Haemoglobinopathies. Indian Journal of Pediatrics. 2007;74(7):657-662.
Falusi A.G, Esan G.J. Foetal haemoglobin in sickle cell anaemia in Nigerians. Afr J Med

Sci. 1989;18(2):145-149.



33.

34.

35.

36.

37.

38.

39,

40.

Steinberg M.H, Hsu H, Nagel RL, Milner PF, Adams J.G, Benjamin L, et al. Gender and
haplotype effects upon hematological manifestations of adult sickle cell anaemia. Am J
Hematol.1995;48(3):175-181.

Ugwu N.I, Nna E.O, Ugwu C.N, Clifford O, Benson O.N, Ugwu G.C et al.
Chromatographic pattern of haemoglobin (Hb) types (HbS, HbA2 and HbF) among
individuals with sickle cell anaemia and those with sickle cell trait in.a tertiary health
institution, South eastern Nigeria. Afr. J. Med. Sci. 2021:50.

Adeodu O, Akinlosotu M and Adegoke S. Foetal haemoglobin and disease severity in
Nigerian Children with Sickle Cell Anaemia. Mediterr J Hematol Infect Dis. 2017; 9(1):
e2017063. Med>5.

Mahajan A.R, Zade V.S and Chede S.M. Fetal hemoglobin level in sickle cell anaemic
individuals of Yavatmal district, Maharashtra, India. Br Biomed Bull. 2014; 2(2): 430 -
436.

Carrocini G.C, Zamaro P.J and Bonini-Domingos C.R. What influences Hb fetal
production in adulthood? Rev Bras Hematol Hemoter. 2011;33(3):231-236.

Olatunji P.O. Sickle cell'disease in developing countries: magnitude and

challenges. Postgrad Doc Afr. 2002;25(3):61-64.

Sankaran V.G and Orkin S.H. The switch from fetal to adult hemoglobin. Cold Spring
Harb Perspect Med. 2013; 3(1): a011643.

Powars D.R. Natural history of sickle cell disease--the first ten years. Hematol. 1975; 12:

267-285.



Table 1. Demographic Characteristics of the study participants n=75
Male Female
(n=28) (n=47) Total
Age
- <4 9(32.1) 13(27.7) 22
- 58 7(25.0) 10(21.3) 17
- 9-12 3(10.7) 13(27.7) 16
- 13-17 9(32.1) 11(23.4) 20
Range 10mths-16yrs 6mths -17yrs 6mths-17yrs
M£SD 7.77£5.15 8.35%5.24 8.131£5.18
SEC
- Lower 4(14.3) 8(17.0) 12
- Middle 15(53.6) 28(59.6) 43
- Upper 9(32.1) 11(23.4) 20




Table 1I: Descriptive Summary of HbF, HbS and HbA2

Frequency Percent Range M+SD
HbF 1.9-32.8 11.77+7.31
- <10 35 46.7
- 10-19.9 30 40.0
- =20 10 13.3
HbS 48.4-93.7 79.58+9.44
- <50% 1 1.3
- 50-80% 31 41.3
- >80% 43 57.3
HbA2 0.8-9.0 3.39£1.07
- <4 63 84.0
- >4 12 16.0
Table I1l: Comparing HbF, HbS and HbA2 of Males and Females

Male (n = 28) Female (n = 47) t p-value
M£SD M£SD
HbF 10.98+7.45 12.24+7.26 - 724 472
HbS 80.93+7.73 78.77+10.32 957 341
HbA2 3.63£0.76 3.24+1.21 1.553 125
Table I1Va: Correlation between age and HbF, HbS and HbA2
HbF HbS HbA2

Age
- Pearson Correlation -.424 287 .265
- p-value <.001 .013 .022
- N 75 75 75




TablelVVb:Distribution of HbF, HbS and HbA2 according to age

<4 5-8 9-12 13-17 F

p-value

HbF 16.79+7.68 9.55+5.06 11.16+7.96 8.62+5.19 6.404
HbS 74.54+7.55  82.61+8.02 79.16+11.04 82.87+9.19  3.909
HbA2 2.91+0.61 3.49+0.97 3.40+0.85 3.81+1.50 2.721

.001
.012
.051

Table V: Participants whose HbA2(>4%), HbS(high), HbF(high), Hb A(some) suggestSB-Thal

Suggestive of co-existing Beta
Thalassemia
Yes No Total

Fishers Exact

p-value

Sex
- Male 7(25.0) 21(75.0) 28
- Female 5(10.6) 42(89.4) 47

116




