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INTRODUCTION

Background: Sickle cell disease (SCD) is an autosomal re-
cessive disorder caused by mutations in the β-globin gene 
of the haemoglobin molecule and defined by the presence 
of at least one hemoglobin S (Hb S) allele.1 Homozygous 
SCD or inheritance of 2 Hb S genes (SCA)1 is the most 
common and most severe form of SCD. SCD can also re-
sult from co-inheritance of Hb S with a second abnormal 
β-globin chain variant, such as a hemoglobin C(HbSC dis-
ease) or β-thalassemia allele (HbSβ-thalassemia). Individu-
als heterozygous for the mutation [one hemoglobin S (Hb 
S)allele and a normal haemoglobin (Hb A) allele] are said 
to have the sickle cell trait (SCT)1 otherwise called ‘Carri-
ers’ do not have SCD themselves but may have affected off-
springs.SCD is associated with serious adverse effects and so 

constitute a significant public health problem2 but the distinction 
between disease and trait is not always clear to the general 
population1  even amongundergraduates.3 Misreporting of 
SCD is common in an older adult population,1,4 this has po-
tential for increasing disease incidence as ‘carriers’ (SCT) do 
not have SCD themselves but may have affected children. 
Wrong parental self-reports would endanger the ability of a 
targeted newborn screening to identify infants with SCD5 as 
well as genetic counselling of prospective parents. Therefore 
it is imperative to establish a proper diagnosis of SCD. HPLC is 
the most validated6,7,8 methods for screening and detection of 
various hemoglobinopathies providing rapid, reproducible, 
and precise results.6,7,8 DNA analysis or amino acid sequencing 
remains the gold standard for the definitive diagnosis of 
hemoglobinopathies.2

Literature review: SCD is a widely prevalent hemoglobi-
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ABSTRACT
Introduction: Parents with heterozygous sickle cell status [haemoglobin AS (HbAS) or  sickle cell trait (SCT)] may produce 
sickle cell anaemia (SCA) patients. Proper diagnosis and correct reporting of sickle cell status is therefore necessary to guide 
genetic counselling of prospective partners/parents. However, misreporting of SCD status is common in adult population leading 
to increase disease incidence. Self-reported sickle cell status may be validated by comparing the reports with more reliable and 
more sensitive diagnostic methods such as high performance lipid chromatography (HPLC) if not genetic studies.
Aims/Objectives: To determine the accuracy of self-reported parental genotype status by comparing self-reported and HPLC 
determined genotype.
Methodology: This was a hospital based, cross-sectional analytical study. Participants were consecutively enrolled at clinic vis-
its, socio-demographic as well as self reported SCD status were obtained and documented in a pre-tested questionnaire, HPLC 
analysis of SCD status was conducted and documented. Data was anlyzed using Statistical Package for the Social Sciences 
(SPSS Version 21).
Result: The post marital reports were more sensitive, more accurate and had higher positive predictive value (all 100%) than 
the premarital reports. The premarital reports were more specific than sensitive and correctly predicted the truly positive (AS/AS) 
more than the truly negative (AA/AS, AA/AA) couples. The premarital reports were less accurate than the post marital reports.
Conclusions: Post marital self-reports are more accurate than premarital reports. Knowledge of personal sickle cell status 
seems marred by poor access to proper diagnostic tools. HPLC is useful for ambiguous reports.
Key Words: HbAS, SCT, SCA, Misreporting, Validation, Self-reports, HPLC

IJCRR
Section: Healthcare

Copyright@IJCRR



Int J Cur Res Rev ��| Vol 15 • Issue 03 • February 2023 2

Chizoma et al.: Validation of self-reported parental sickle cell status

nopathy in sub-Saharan Africa with 30% of the world’s an-
nual SCD and SCT births located in two sub-Saharan Afri-
can countries: Nigeria and the Democratic Republic of the 
Congo.5 Frequently deadly in early life, killing 70-80% of af-
fected children before their fifth birthday.9 SCA is one of the 
top five non-communicable diseases in Nigeria,(accounting 
for more than 50% of deaths among carriers).10,11 About 10 - 
40% of Nigerian adults are healthy carriers of the defective 
S gene, leaving the country with a ~2% prevalence rate of 
SCA.10,11 Despite that Nigeria has six zonal centers for sickle 
cell control, the disease remains endemic with an annual in-
fant death rate of over 150,000 in its wake and 29/1000 under 
5 mortality rate.10,11 Fifty to ninety percent of the children 
born with SCA in low-income developing countries of sub-
Saharan Africa and India will die before the age of 5.12

SCA is normally diagnosed by measuring the HbS content 
(%HbS) in blood of patients with HPLC,13 hemoglobin elec-
trophoresis (HE)14 or isoelectric focusing (IEF).15,16 HPLC 
however has the limitation of not detecting alpha thalassem-
ia, normal A2 beta thalassemia or other hemoglobinopathies 
that elute with a similar retention values on HPLC.17 Cellulose 
acetate electrophoresis at alkaline pH (pH 8·2–8·6) identifies A, 
F, S/G/D, C/E/O-Arab, haemoglobin F levels>2%2  while citrate aga-
rose gel at acid pH 6·0–6·2 distinguishes haemoglobinC from 
E,C-HarlemandO-Arab, S from D/G, but donot distinguish D and 
G types. Beta-thalassaemia trait is diagnosed by quantification of 
haemoglobin A2 using micro column chromatography which 
also distinguishes between SS (haemoglobin A2<4%) and Sb-thalas
saemia(haemoglobinA2>4%)2. IEF distinguishes haemoglobins A, 
F, S, C, D-Punjab, G-Philadelphia/Lepore, E/A2/O-Arab  which cause 
false positive increase in haemoglobin A2 but IEF has not been vali-
dated for haemoglobin A2 quantification.2,15 HPLC provides precise 
quantification of haemoglobin A2 (suitable for the diagnosis of b-tha-
lassaemia trait), quantification of haemoglobin F and variant haemo-
globin2. Currently immunoassays (HemoCard) detect as low as 5 to 
10 % haemoglobins S, C, E and A except D-PunjaborO-Arab.2 
The Kleihauer test is used to differentiate sickle cell disease, tha-
lassaemias and hereditary persistence of fetal haemoglobin (HPFH) 
in early infancy.2,16

In Africa management of SCA is still widely limited to sup-
portive, symptomatic, preventive measures.18 However, the 
cornerstone of such programs; adequate, reliable, paren-
tal and newborn diagnostic screening has not been widely 
implemented in most African countries.2,9 This dilemma 
springs from the cost and logistic problems with accepted 
diagnostic methodologies such as HPLC,13 IEF15 and DNA 
analysis which require laboratory equipment, highly-trained 
operating personnel, uninterrupted electrical supply as well 
as sample transport away from the point-of-care (POC).12 
Thus conventional laboratory methods used for diagnosing 
SCA remain prohibitively expensive and impractical in our 
setting.

It has been estimated that wide-spread screening and follow-
up care could result in >95% survival for affected infants.19 
This could save the lives of nearly 10 million African children 
by 2050.20 In Nigeria there are few attempts at population-
wide screen for carriers of sickle cell gene for purposes of 
genetic counseling. It is difficult to inform adults of their risk 
of having a child with sickle cell disease if they do not know 
their or their partner’s sickle cell status, or if they believe that 
it is different from the true status. Inadequate knowledge of 
personal sickle cell status and community awareness of how 
sickle cell disease is inherited constitutes a significant barrier 
to better treatment and care.1

Older adults regardless of sex and level of education often in-
correctly report their sickle cell status.1 Most adults reporting 
that they had sickle cell disease1 or HbAA were actually per-
sons with sickle cell trait, based on their laboratory results. 
One in four adults claiming to have sickle cell disease had 
neither sickle cell disease nor sickle cell trait.1 Individuals 
may misreport their status because they do not remember as 
in a survey of Ghanaian women in which only 47% tested for 
SCT could remember their results21 and 29% in a Tanzanian 
study.22 Eneh4 in an earlier study documented 82.1% discord-
ance between premarital and post marital self reported sickle 
cell status among parents of children with SCA. The pre-
sent study seeks to validate parental self-reported genotype 
by determining their accuracy when compared with HPLC 
derived sickle cell status of these parents. 

MATERIALS AND METHODS

Aim: To determine the accuracy of self-reported parental 
genotype status

Objectives: 

(1)	 Compare premarital self-reported and HPLC deter-
mined genotype

(2)	 Compare post-marital self-reported and HPLC deter-
mined genotype.

(3)	 Evaluate the reliability of HPLC determined geno-
type.

Methods: This was a cross-sectional analytic study con-
ducted at the Paediatric SCD clinic of Enugu State Uni-
versity Teaching Hospital, Enugu South-East, Nigeria. The 
study sample was drawn from a population of parents of 74 
SCA children (aged 1 to 18 years) registered in the clinic. 
The sample being those parents who were paired and whose 
children had been regular (not missed 3 appointments in a 
year) with clinic visits in the one year proceeding the study. 
Sample size was determined by the convenience sampling 
technique at each clinic visit. The sample size was 40 paired 
parents who both had either premarital(3), post marital(11), 
discordant premarital and post marital (17), concordant 
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premarital and post marital (3) self reported genotype as 
well as those who could not remember (4) or in whom only 
one of the pairs had either a premarital or a post marital (2) 
self reported genotype. Only the 34 parent-pairs who both 
had self reports (pre maritally, post maritally or both) were 
eligible for validation by HPLC. Six of these 34 parent-pair 
had either the father or mother absent at the time of the 
investigation while 9 pairs of parents declined this step on 
the basis that they didn’t see the need or the difference the 
result would make nor could afford even the much subsi-
dized cost of HPLC analysis. So 19 pairs of parents none 
of whom had received blood transfusion in the previous 
three months had the HPLC estimation of their genotype. 
Ethical protocols involving human blood samples were as 
approved by the institutional review board (IEC number 
ESUTHP/C-MAC/RA/034/VOL.3/195. Written informed 
consent was obtained from each parent.

For validation, the accuracy of the self reported screen re-
sults was assessed  by comparison with HPLC determined 
Hb variants which depend on separation and quantification.. 
The D-10 Dual Program is based on chromatographic sepa-
ration of the analytes by ion-exchange HPLC. Whole blood 
were collected into vacutainer vials (K2EDTA, BD Diagnos-
tics, 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°Cand used within 4–5 
hours. The samples were automatically diluted (with wash 
diluent) on the D-10 (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 pass through the flow cell of 
the filter photometer, where changes in the absorbance at 
415 nm are measured. The equipment runs 10 samples in one 
hour; each sample takes about 6 minutes. The D-10 software 
performs reduction of raw data collected from each analysis. 
Two-level calibration (HbA2/F/A1c Calibrator) is used for 
quantitation of the obtained electrophoresis values. A sample 
report is generated for each sample. Quality Control values 
(Lyphochek HbA2 Controls levels 1 and 2) are used to com-
pare results.

Data analysis: Statistical Package for the Social Sciences 
(SPSS Version 21) was used for analysis of the descriptive 
statistics and frequencies. For evaluation of test performance 
we calculated the following: sensitivity = TP/(TP + FN); 
specificity = TN/(FP + TN); positive predictive value = TP/
(TP + FP); negative predictive value = TN/(TN + FN); and ac-
curacy = (TP + TN)/(TP + FP + TN + FN); where TP = true pos-
itive, FP = false positive, TN = true negative and FN = false 
negative.

RESULTS

Table 1 presents the demographic characteristics of the study 
participants. The patients’ age range was 1-17 years, the mean 
and standard deviation, 7.70±4.30 and the modal age group, 
1-5 years (40.0%). 52.5% of the patients were males and 
47.5%, females. Their mothers’ age range was 22-58 years, the 
mean and standard deviation, 35.92±8.01 and the modal age 
group, 31-40 years (45.0%). Their fathers’ age ranged from 
28-65 years with mean and standard deviation, 43.62±8.67 
and modal age group, 41 years and above (60.0%). Majority of 
the parents were in SEC 2 (42.5%) and 3 (32.5%) respectively.

From Table 2, Out of the 40 parent pairs, 24 (60.0%) had 
pre-marital genotype, 31 (77.5%) had post-marital genotype 
and 19 (47.5%) HPLC genotype. Of the 19 parent pairs with 
HPLC genotype, 13 (68.4%) had pre-marital genotype with 
the HPLC and 18 (94.7%), post-marital genotype with the 
HPLC. Total females with HPLC genotype was 19 of which 
14 (73.7%) had pre-marital genotype and 18 (94.7%), post-
marital genotype. Total males with HPLC were 19 of which 
13 (68.4%) had pre-marital genotype, and 18 (94.7%), post-
marital genotype.

Table3: computed based on the number with paired result 
(that is, for pre marital self reports and HPLC, 13 (instead 
of 19) was used since 6 parents with HPLC didn’t have pre-
marital result; for post-marital and HPLC, 18 (instead of 19) 
was used since 1 didn’t have post-marital result). Comparing 
premarital self-reported and HPLC determined SCD status, 
76.9% discordance for self-reported [‘AA/AS’ and ‘AA/
AA’] and 23.1% concordance was observed with a 100% 
concordance and 0.0%  discordance for post marital self-
reported [ ‘AS/AS’]. 

Table 4: Sensitivity is the probability that the pre-marital 
genotype is positive when it is actually positive based on 
HPLC. E.g. There were actually 12 positives (by HPLC), 
and pre-marital genotype only found 2. Probability of  pre-
marital genotype correctly detecting positive (AS/AS)

Sensitivity: 16.7%;( 95% confidence interval, C.I: 2.09% to 
48.41%)

Specificity is the probability that the pre-marital genotype is 
negative when it is actually negative based on HPLC. E.g. 
There were actually 1 negative (by HPLC), and pre-marital 
genotype found it. Probability of pre-marital genotype cor-
rectly detecting negative (AA/AS or AA/AA)

Specificity: 100.0%;( 95% confidence interval, C.I: 2.50% 
to 100%).

Positive predictive value is the probability that it is actually 
positive when pre-marital genotype is positive. E.g. Premari-
tal genotype found 2 positives, and the 2 were actually posi-
tives (by HPLC). That is, the pre-marital genotype is positive 
and it was truly positive  
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PPV: 100%.

Negative predictive value is the probability that it is actually 
negative when pre-marital genotype is negative. E.g. Pre-
marital genotype found 11 negatives, and only 1 was actu-
ally negative (by HPLC). That is, the premarital genotype is 
negative and it was truly negative.

NPV: 9.1%;( 95% confidence interval, C.I: 7.20% to 11.41%)

Accuracy is the overall probability that a genotype is cor-
rectly classified. E.g. Out of the 13 genotype results, 3 were 
correctly classified (2 for positive and 1 for negative). That 
is, probability that both pre-marital genotype and HPLC has 
the same result. 

Accuracy: 23.1%;( 95% confidence interval, C.I: 5.04% to 
53.81%).

Table 5: The 18 positive post-marital genotype reports were 
also positives (by HPLC). Probability of post-marital geno-
type correctly detecting positive (AS/AS)

Sensitivity: 100%; 95% C.I: 81.5% to 100%

Specificity: can’t compute because there was no negative

PPV: 100%

NPV: can’t compute because there was no negative

Accuracy: 100.0%.

From Table 6: Among the 19 parent pairs who had HPLC 
analysis, the prevalence of HbF in females was 26.3%; HbC 
in females, 0%. The prevalence in males was 15.8% for HbF 
and 5.3% for HbC.

From Table 7: majority of the parents were aware of the 
mode of inheritance; females (70.0%) and males (67.5%).

DISCUSSIONS

The present study having compared self-reported and HPLC 
determined parental genotype status, observed 76.9% dis-
cordance and 23.1% concordance for premarital ‘being AA/
AS or AA/AA’ and a 0% discordance and 100 % concord-
ance for post-marital ‘being AS/AS’. In contrast Bean and 
colleagues1 on comparing self-reported and genetically de-
termined SCD reported 94.1% discordance for self-reported 
‘SCD’ and a 100% concordance for self-reported ‘no SCD’. 
These investigations imply that self reported SCD status are 
rather unreliable. The genetic evaluation, a definitive di-
agnosis of haemoglobinopathies is not readily available in 
our setting thus our use of HPLC. In an earlier study, Eneh 
C.I.4 documented high discordance () between self-report-
ed parental premarital and post marital status. This seems 
to lend credence to the greater unreliability of earlier (pre-
marital) self reports than latter (postmarital) reports. A fact 

re-enforced by the observed higher accuracy of post marital 
reports than premarital reports in this study.  One wonders 
if the high concordance between post marital AS/AS HPLC 
and self reports is a pointer to better recollection of the more 
recent post marital reports or a more concerted and knowl-
edge driven attempt to test at more reliable sources such as 
tertiary health centers. The above investigations1.4 like the 
present study show that efforts have been made towards vali-
dating ‘self-reported’ SCD status.

The present study has shown that  premarital reports are 
more specific for ‘not being AS/AS’ but predict ‘being AS/
AS’ more than ‘not being AS/AS’ than . Conversely the post 
marital self-report are more sensitive and while predicting 
the truly positive (‘being AS/AS’) are more accurate than 
the premarital reports. Thus in ambigous cases and in the 
absence of HPLC, one may rely on a post-marital self re-
port for diagnosis. In a previous study to determine the ac-
curacy of expectant parents’ self-reported sickle cell status 
and its reliability for identifying high-risk newborns for 
targeted screening, Burnham-Marusich and colleagues5 ob-
served that self-report accuracy obtained by comparison 
with the more presumptive cellulose acetate paper results 
was significantly higher for those who reported not having 
SCT or SCD (86%) than individuals who reported having 
SCT or SCD (61%), with an overall self-report accuracy of 
50%. The higher (100%) accuracy of our post marital self 
reports may be attributed to a much smaller sample size. The 
much lower accuracy of the premarital reports may likely 
be to poor recollection of remote events by these parents.   
The 7.5% frequency of premarital HbAS/AS (figures 1-3), 
although higher than  (2.8%) found in Nnaji’s study and 
2.3% found in Turkey by Altay et al.,23 is low compared to 
52.5% (AA/AS, AA/AA) found in the present study. These 
findings coupled with the high percentage discordance 
(76.9%) between premarital self reported (AA/AS and AA/
AA) and HPLC determined (AS/AS) genotype are indica-
tions that poor diagnostic techniques mar personal knowl-
edge of sickle cell status. These low frequencies of premari-
tal HbAS/AS3,4,23 coupled with the finding of a high rate of 
respondents who would call-off the marriage if both couples 
were carriers of SCD (HbAS) has been cited as an indication 
that awareness of the transmission of SCD among premari-
tal couples was high.3,4,23 The above observations imply that 
awareness of  transmission mode seems confounded by poor 
knowledge of one’s personal status.

This study found only Hb C and HbF as other variants of 
haemoglobinopathies. This finding agrees with views ex-
pressed in many literature that other variants of haemoglo-
binopathies were very rare or absent.3 This is in contrast to 
studies from the Mediterranean region.24,25 Nigeria as a re-
source limited country uses mainly sickling/solubility test 
and alkaline electrophoresis with their high degree of inac-
curacy26 and  inability to separate co-migratory variant such 
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as Hb S, D, G and Hb A, C, E and O-Arab.26 This drasti-
cally limits our knowledge of the Hb variants present in our 
population. Recent studies however have shown HPLC as 
the method of choice for quantifying haemoglobin variants 
and because of its reliability and reproducibility of results 
has replaced alkaline electrophoresis as primary screening 
forhaemoglobinopathies8,26,27,28 in some parts of the country. 
The result of this study lend evidence in support of the use of 
HPLC as a screening tool for haemoglobinopathies at least 
at point of care. However, the proprotion of parents who de-
clined based on inability to pay for the analysis is clinically 
significant as it implies that most of the self reports were not 
of HPLC determined genotype.

CONCLUSIONS

(1)	 Self-report accuracy obtained by comparison with 
HPLC results is significantly higher for post marital 
(AS/AS i.e SCT) reports than premarital (AA/AS or 
AA/AA i.e not SCT) among parents of children with 
SCA.

(2)	 Knowledge of personal sickle cell status seems marred 
by poor access to proper diagnostic tools.

(3)	 HPLC where available should be used for screening or 
at least be used for confirmation of premarital ambigu-
ous cases

Recommendations: Additional studies are needed to establish 
the efficacy of a reliable, low-cost, rapid and simple ‘point of 
care’ screening assay29,30 practical in resource-limited clini-
cal settings as a mandatory premarital screening tool since 
the use of HPLC in population-wide screening in resource 
limited countries may be impractical.  
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Table I: Demographic Characteristics of the Study Participants			   n = 40

Frequency Percent Range M±SD

Age 1-17 7.70±4.30

-	 1- 5 16 40.0

-	 6-10 13 32.5

-	 11 + 11 27.5

Sex 

-	 Male 21 52.5

-	 Female 19 47.5

Female (Mothers) age 22-58 35.92±8.01

-	 ≤ 30 10 25.0

-	 31-40 18 45.0

-	 41 + 11 27.5

-	 Not indicated 1 2.5

Male (Fathers) age 28-65 43.62±8.67

-	 ≤ 30 3 7.5

-	 31-40 10 25.0

-	 41 + 24 60.0

-	 Not indicated 3 7.5

SEC

-	 2 17 42.5

-	 3 13 32.5

-	 4 8 20.0

-	 5 2 5.0



Int J Cur Res Rev ��| Vol 15 • Issue 03 • February 20237

Chizoma et al.: Validation of self-reported parental sickle cell status

Table II: Summary of Genotype results								       n = 40
All Father & Mother Father or Mother

Pre-marital genotype 24(60.0) 16(40.0)

Post-marital genotype 31(77.5) 9(22.5)

HPLC genotype 19(47.5) 21(52.5)

HPLC genotype (n = 19) Had both Only HPLC

  Pre-marital & HPLC 13(68.4) 6(31.6)

  Post-marital & HPLC 18(94.7) 1(5.3)

Female (Mothers) with HPLC (n = 19)

  Pre-marital & HPLC 14(73.7) 5(26.3)

  Post-marital & HPLC 18(94.7) 1(5.3)

Males (Fathers) with HPLC (n = 19)

  Pre-marital & HPLC 13(68.4) 6(31.6)

  Post-marital & HPLC 18(94.7) 1(5.3)

Table III: Concordance and Discordance between Pre- and Post-Marital Genotype and HPLC Genotype	
Frequency Percent

Pre-marital & HPLC (n = 13)

Concordance 3 23.1

Discordance 10 76.9

Post-marital & HPLC (n = 18)

Concordance 18 100.0

Discordance 0 0.0

Table IV: Sensitivity and Specificity for Pre-marital self reported parental genotypes
HPLC Genotype

Pre-marital genotype Positive (AS/AS) Negative
(AA/AS or AA/AA)

Total

Positive (AS/AS) 2 0 2

Negative (AA/AS or AA/AA) 10 1 11

Total 12 1 13

Table V: Sensitivity and Specificity for Post-marital and HPLC
HPLC Genotype

Post-marital genotype Positive
(AS/AS)

Negative
(AA/AS or AA/AA)

Total

Positive (AS/AS) 18 0 18

Negative (AA/AS or AA/AA) 0 0 0

Total 18 0 18
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Table VI: Prevalence of HBC and HbF Haemoglobin Variants			   n = 19
Frequency Percent

Females 

-	 HbF 5 26.3

-	 HbC 0 0.0

Males 

-	 HbF 3 15.8

-	 HbC 1 5.3

Table VII: Awareness of mode of inheritance of SCD							       n = 40
Frequency Percent

Female (aware of mode of inheritance)

Yes 28 70.0

No 11 27.5

No indicated 1 2.5

Male (Aware of mode of inheritance)

Yes 27 67.5

No 11 27.5

No indicated 2 5.0

Figure I: Pre-marital paired genotype.
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Figure II: Post-marital paired genotype.

Figure III: HPLC paired genotype.


