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Abstract

This study aimed to determine the performance of a rapid, point-of-care testing device (HemotypeSC)™ for
diagnosing sickle cell disease (SCD) relative to 2 commonly-used methods compared to DNA polymerase chain
reaction (PCR) as the reference standard. The diagnostic performance of (HemotypeSC)™ in diagnosing SCD and
determining various other Hb genotypes relative to high performance liquid chromatography (HPLC) and cellulose
acetate Hb electrophoresis in alkaline buffer (CAE) was investigated among 156 participants aged 4 to 23 years in
Ekiti, Southwest Nigeria. PCR was considered as the reference method/gold standard. The sensitivity and specificity
for SS, SC, AS, AC, and AA genotypes by HemotypeSC and HPLC when compared with PCR, were each 100%.
Similarly, their positive and negative predictive values were each 100%. However, sensitivity and specificity for
identifying these Hb genotypes by CAE were 100, 100, 96.5, 0, 99.2%, and 99, 100, 92.9, 0, 91.7%. Also, CAE
did not identify any of the 2 HbAC individuals that were correctly identified by PCR and both HemotypeSC, and
HPLC, thus representing 100% HbAC misdiagnosis. In conclusion, this study shows that HemotypeSC has perfect
concordance with PCR and 100% accuracy in diagnosing SCD in the population tested. Its ease of use, accuracy and
other attributes make it suitable for use in sub-Saharan Africa for rapid determination of Hb genotypes.
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What do we already know about this topic?
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How does your research contribute to the field?
In this manuscript, we found very good agreements
between a point- of -care device (HemotypeSC) per-
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sidered as the gold standards for SCD diagnosis in
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ideal settings and HemotypeSC exhibited superior
performance compared to Cellulose acetate electro-
phoresis (CAE) which is the most common methods
in most SSA settings.

What are your research’s implications toward
theory, practice, or policy?

Our findings show that HemotypeSC has a very high
diagnostic accuracy with regard to SCD diagnosis
and can offset diagnostic delay of SCD in the
resource-poor settings of the sub-Saharan Africa if
adopted for use.

Introduction

Sickle cell disecase (SCD) is a monogenic disorder
caused by qualitative defects in the B-globin chain as a
result of a mutation [glu(E)6valA; GAG-GTG; rs334] in
the HBB gene, which produces the sickle hemoglobin
(HbS).!? SCD is associated with multiple organ damage
and dysfunction because of repeated vaso-occlusion and
hemolysis that are the hallmarks of the disease.'? As a
result of these pathological processes, SCD has several
manifestations, which include frequent painful episodes,
bone infection and infarction, stroke, renal, cardiopul-
monary, and other chronic organ disorders.!? Also, they
are more prone to severe anemia and infections, all of
which often lead to increased morbidity and early mor-
tality, especially among patients in resource-poor parts
of world.

Sub-Saharan Africa (SSA) has the highest burden of
SCD, with Nigeria having the highest burden of the dis-
ease worldwide.'** Unfortunately, the outlook of SCD in
most African countries is very gloomy and this has been
linked to the lack of proper policies and inadequate
care.>* In recognition of these limitations, the World
Health Organisation (WHO) estimates that 70% of SCD
deaths in Africa are preventable with simple, cost-effec-
tive interventions and recommended that “SCD should
be managed at different levels of care through the use of
simple, cost-effective, and affordable strategies and
technologies that are accessible to all patients including
those in the rural communities, where the bulk of
Africans reside.” Early identification of SCD patients
and subsequent provision of comprehensive care
enhance the survival of children with SCD. There has
been significant reduction in SCD-related mortality in
countries where these practices are being implemented
and most affected children now survive to adulthood in
these developed countries.*®

Newborn screening and point-of-care testing for
SCD are 2 key approaches to ensure early diagnosis of
SCD.” In Nigeria and many other countries in SSA,
early diagnostic measures are lacking.”® There are many

clinical and laboratory methods to identify Hb geno-
types and diagnose SCD. These include gel-based or
capillary electrophoresis, isoelectric focusing (IEF),
high-performance liquid chromatography (HPLC) and
molecular diagnosis.’” All of these require some degree
of moderate/advanced technologies, highly-skilled per-
sonnel, stable electricity, need to transport samples to
central laboratories, and are usually costly. All these
make standard testing for SCD inaccessible to many,
thereby delaying diagnosis. These observations raise the
need for inexpensive and reliable point-of-care testing
methods (POCT) that are suitable for use in patients
with SCD in rural settings.

Many POCT devices are now available to diagnose
SCD. However, they are fraught with one deficiency or
the other, which limit their use and applicability in
resource-poor settings. For example, although the
Sickledex!'? can indicate the absence or presence of HbS,
it cannot differentiate SCD from sickle cell trait. It also
gives unreliable results in the newborn. Another variant
of the Sickledex method that uses the differential diffu-
sion of the various hemoglobin genotypes requires other
expensive accessories to function optimally and may not
be able to clearly differentiate the diffusion patterns of
some Hb variants.!" Similarly, SickleSCAN'? has been
associated with inconsistent visualization of HbA while
the recently-developed HemeChip requires continuous
electricity supply and huge financial cost to function.'3

HemoTypeSC™ uses competitive lateral-flow immu-
noassay technique involving monoclonal antibodies to
detect hemoglobins A, S, and C in a very small amount
of blood (<2.0-uL).” It is cheap and costs <2 USD per
test, does not require electricity to function, reliable in
the newborn period and requires no instrumentation,
thus making it ideal for most low-resource settings.
Prototype versions of the test have been described.” !4
Its accuracy for detecting all relevant hemoglobin phe-
notypes/genotypes have been validated in pilot studies
from the USA, Europe, and Africa.”®!'* A previous study
from Nigeria® used PCR to adjudicate the few discor-
dant results with HPLC.

In this study, we set out to further determine the diag-
nostic accuracy of HemoTypeSC in relation to 3 com-
monly-used methods: CAE, HPLC and PCR in
diagnosing SCD. We considered the latter the gold stan-
dard for SCD diagnosis and determination of other Hb
genotypes.'> We hypothesized that the performance of
HemoTypeSC relative to the gold standard, is not sig-
nificantly different from that of the 2 other methods.
Findings from this study will further establish the accu-
racy and usefulness or otherwise of HemoTypeSC™ in
diagnosing SCD and other Hb genotypes in limited-
resource settings like SSA.
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Patients and Methods

Study Design, and Location and Participants

This was a blinded, diagnostic-accuracy, validation
study of HemoTypeSC™ conducted among a popula-
tion of young Nigerians (children and adolescents) with
SCD and their healthy non-SCD counterparts, attending
a tertiary hospital in Southwest Nigeria. The hospital is
the largest and main center where children and other
patients with SCD are referred and cared for in the state.
It has many specialists providing different care needs for
patients with SCD. The pediatric hematology unit as
well as other specialist units run weekly clinics in addi-
tion to providing in-patients’ care. The non-SCD partici-
pants attended the pediatric outpatient clinics while the
SCD participants were those being managed at the
Pediatric Hematology unit of the hospital.

PCR was done at the Hematology and Hemotherapy
Centre, University of Campinas, Brazil as part of the
collaborative study on SCD in Africa using genomic
DNA extracted from whole blood (leucocytes) using
QIAamp DNA blood mini kit in Nigeria at the Institute
for Advanced Medical Research and Training (IMRAT),
College of Medicine, University of Ibadan, Nigeria,
before being shipped to Brazil for PCR. The PCR was
performed specifically to look for the presence or
absence of HbS and HbC mutations. The CAE was done
at the hospital while the HPLC was done at the IMRAT.
Both CAE, and HPLC as well as the PCR method used
to diagnose the SCD and other Hb genotypes, have been
previously described.!®!”

Participants and Sampling

Parents and guardians of participants in a previous study
on the clinical evolution of SCD among a young Nigerian
cohort!” at the study center were contacted through their
telephone numbers and were asked to bring their wards
for testing with the HemoTypeSC™ kits. The purpose of
the study and the procedures were explained to the par-
ents and participants in plain language. Only those par-
ents/guardians who consented to participate had their
wards consecutively recruited and tested between
September and December 2019. Participants on chronic
blood transfusion or those who received blood transfu-
sion in the 100 days prior to recruitment were exempted.
There is no previous hospital-based study on the
prevalence of SCD in the state. Therefore, the sample
size for the study was estimated based on a study con-
ducted in a neighouring state (Ondo State)'® and the
expected test sensitivity and absolute precision.!
According to the study,'® the prevalence of HbSS was
0.72% and it has been shown previously that the

accuracy of HemotypeSC relative to gold standard
ranged between 97% and 100%.”'* The sample size for
this study was therefore based on HemotypeSC sensitiv-
ity of 97%, HbSS prevalence of 0.70 and absolute preci-
sion of 0.05.'%1° This translated to a minimum required
sample size of 85 participants with HbSS. However, a
total of 99 HbSS participants were studied. In addition,
5 HbSC, and 52 normal healthy participants (36 HbAA,
14 HbAS, & 2 HbAC) were recruited and studied.

Testing for Hb Genotypes among Participants
using HemoTypeSC™

The HemoTypeSC kits were procured from the Silver
Lake Research Corporation Ltd USA. Three resident doc-
tors (raters) who were trained on how to use the
HemoTypeSC, performed the tests, according to the man-
ufacturer’s protocol. Briefly, 6 drops of water obtained
from bottled drinking water were dropped into a plain
tube using the pipette supplied by the manufacturer.
Thereafter, finger prick was performed following aseptic
procedure and approximately 1.5 uL of blood was applied
to the device absorbent pad and this was put into the tube
containing the 6 drops of water and swirled to elute the
blood. This was followed by the insertion of the test strip,
into the solution after which the result was read off and
interpreted visually after 10minutes. The interpretation
guidelines provided by the kit manufacturer and available
at www.hemotype.com were followed. Results for each
participant were read visually and interpreted indepen-
dently by at least 2 of the 3 doctors (raters) which, in most
cases 93% (145 out of 156 participants) involved all the 3
performing the testing while 2 of them performed the test
on all the participants. The resident doctors performed
and reported the tests independently and the result was
only accepted for any participant if all the interpretations
were in agreement. The results were collated, anony-
mized and sent by the lead researcher (OSO) for analysis
by a statistician who was also blinded to the participants.

Quality Control

The guidelines for evaluation of qualitative tests by the
Clinical and Laboratory Standards Institute (CLSI,
https://clsi.org/) were followed in testing the kit.

Research assistant training. The resident doctors who per-
formed the tests were trained on how to use the kit
through a video presentation, and reading the instruction
sheet in the package supplied with the kits. In addition,
lectures, and hands-on performances supervised by the
lead author, a pediatric hematologist, were conducted.
The study was only commenced after the trainees were
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able to satisfactorily perform the procedures and inter-
pret the test results correctly.

Reproducibility of results. At regular intervals (after test-
ing every 30 participants), and/or when a new kit is
opened, randomly-selected individuals (who were not
included in this study) whose genotypes had been con-
firmed by both HemoTypeSC™ and PCR, were selected
for re-testing and validation of previous results in order
to confirm the reliability of the testing kits and the pro-
cedure. The HemotypeSC results conformed with the
known referenced results in all occasions.

Storage and safekeeping of HemoTypeSC™ kits. The box
containing the test strips was only opened to pick up the
strip and was closed immediately thereafter and any
unused test strips were discarded after 30 days of open-
ing the kit. The kits were stored at room temperature
away from water and other contaminants. The average
ambient temperature in the study area ranged between
22°C and 33°C during the study period. According to
the manufacturer, the kit does not require refrigeration.
The kit has a shelf life of >2 years in ambient tempera-
tures of up to 40°C.'* The universal precaution for safety
in handling biomedical materials and human samples
were adhered to throughout the study.

Ethical Considerations

The study protocol was approved by the Research and
Ethics Committee of the Institution. Informed and writ-
ten consent were obtained from the parents. Also, assents
were obtained, as applicable, from participants older
than 7 years. Refusal of parents to allow their wards par-
ticipate in the study did not affect the care given to such
patient(s) as all the patients received the same standard
care at the hospital regardless of their participation or
not in the current study.

Data Analysis

The characteristics of the study participants were
described using basic descriptive statistics. Diagnostic
tests were used to test our hypothesis that the 3 screen-
ing methods (CAE, HPLC, and HemoTypeSC) were not
significantly different when compared to the gold stan-
dard using the specificity, sensitivity, positive predic-
tive value (PPV), and negative predictive value (NPV)
in diagnosing individuals with different Hb phenotypes
(AA, AC, AS, SC, and SS). The Receiver Operating
Curves (ROCs) were computed with their correspond-
ing Area Under Curves (AUCs) so as to compare the
performances of each of the diagnostic methods. The

Kappa interrater test was used to determine agreement
among the 3 raters. All analyses were carried out
blinded regarding the participants’ identities and their
results by AFF using Stata Version 16 and P-values
<.05 were considered significant. The following nota-
tions and definitions were used:

a. True Positive (TP): Number of true positive
events

b. True Negative (TN): Number of true negative
events

c. False Positive (FP): Number of false positive
events

d. False Negative (FN): Number of false negative

events

Sensitivity: TP/(TP+FN)

Specificity: TN/(TN+FP)

Positive Predictive Value (PPV): TP/(TP+FP)

Negative Predictive Value (NPV): TN/(TN+FN)

5 o

Results

A total of 158 participants were initially included in the
study however, 2 participants’ results were suspected to
have been mixed up due to clerical errors and were
therefore excluded from the final analysis thus making
the total final participants to stand at 156: 99 HbSS,
SHbSC, and 52 normal healthy participants (36 HbAA,
14HbAS, & 2HbAC) among which 101 (64.7%) were
males. The participants were aged 4 to 23 years with a
mean of 10.9 =4.4years. The HbF level in the study
participants with HbSS averaged 10.2% * 6% with a
median of 9.2% and inter quartile range (IOR) of 4.9%
to 14.8%. The distribution of HbF of the other group of
participants is shown in Table 1.

The HemotypeSC

The sensitivity and specificity for SS, SC, AS, AC, and
AA genotypes, when compared with the gold standard,
were each 100%. Similarly, their positive predictive val-
ues and negative predictive values were each 100%,
indicating that the HemotypeSC perfectly agrees with
the gold standard and has 100% accuracy in respect of
all the Hb types among the participants. Altogether,
HemotypeSC displayed 100% accuracy for participants
with SCD (99 HbSS and 5 HbSC) (Table 2).

Interrater Agreement for HemotypeSC
Testing

All the 3 raters performed testing for 145 participants,
representing 93% of the total participants, as one of
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Table |. Distribution of Participants’ Hemoglobin Types and their HBF Values.

Participants $S (n=99) SC (n=9) AS (n=14) AC (n=2) AA (n=36)
HBF% (Mean + SD) 102+6.1 17413 14+ 1.1 07+02 07+03
HBF% (Median, IOR) 9.2 (4.9-14.8) 0.9(0.7-2.9) 0.6 (0.5-1.5) 0.6 (0.5-0.8) 0.6 (0.3-1.0)

Abbreviations: IOR, inter quartile range; HbF, fetal hemoglobin; SS-HbSS, SC-HbSC, AS-HbAS, AC-HbAC, AA-HbAA.

Table 2. The Sensitivity Analysis of Cellulose Acetate Electrophoresis, HemotypeSC and HPLC Methods versus PCR in the
Diagnosis of Phenotypes and Hb Variants.

Phenotype Method TN FP FN TP Sensitivity 95% Cl Specificity 95% ClI PPV NPV
AA Electrophoresis 1o 1 3 33 0.992 0.948-0.999 0917 0.764-0.978 0.971 0.976
HemotypeSC 120 0 O 36 1.000 0.962-1.000 1.000 0.880-1.000 1.000 1.000
HPLC 120 0 O 36 1.000 0.962-1.000 1.000 0.879-1.000 1.000 1.000
AC HemotypeSC 154 0 0 2 1.000 0.970-1.000 1.000 0.197-1.000 1.000 1.000
HPLC 154 0 0 2 1.000 0.970-1.000 1.000 0.197-1.000 1.000 1.000
AS Electrophoresis 137 5 | 13 0.965 0.916-0.996 0.929 0.642-0.996 0.722 0.993
HemotypeSC 1492 0 0 14 1.000 0.967-1.000 1.000 0.732-1.000 1.000 1.000
HPLC 1492 0 0 14 1.000 0.967-1.000 1.000 0.732-1.000 1.000 1.000
SC Electrophoresis I5 0 0 5 1.000 0.969-1.000 1.000 0.463-1.000 1.000 1.000
HemotypeSC 15 0 0 5 1.000 0.969-1.000 1.000 0.463-1.000 1.000 1.000
HPLC I5 0 O 5 1.000 0.969-1.000 1.000 0.463-1.000 1.000 1.000
SS Electrophoresis 57 0 0 99 1.000 0.921-1.000 1.000 0.953-1.000 1.000 1.000
HemotypeSC 57 0 0 99 1.000 0.921-1.000 1.000 0.953-1.000 1.000 1.000
HPLC 57 0 0 99 1.000 0.921-1.000 1.000 0.953-1.000 1.000 1.000
Hb variant
A Electrophoresis 104 0 O 52 1.000 0.956-1.000 1.000 0.914-1.000 1.000 1.000
HemotypeSC 104 0 O 52 1.000 0.956-1.000 1.000 0.914-1.000 1.000 1.000
HPLC 104 0 | 51 1.000 0.956-1.000 0.981 0.884-0.999 1.000 0.990
S Electrophoresis 33 5 I 117 0868 0.711-0.951 0.992 0.947-0.999 0.959 0.971
HemotypeSC 38 0 0 I8 1.000 0.885-1.000 1.000 0.961-1.000 1.000 1.000
HPLC 38 0 0 I8 1.000 0.885-1.000 1.000 0.961-1.000 1.000 1.000
C Electrophoresis 148 0 3 5 1.000 0.968-1.000 0.625 0.259-0.897 1.000 0.980
HemotypeSC 148 0 O 8 1.000 0.968-1.000 1.000 0.598-1.000 1.000 1.000
HPLC 148 0 | 7 1.000 0.968-1.000 0.875 0.467-0.993 1.000 0.993

Abbreviations: HPLC, high performance liquid chromatography; TP, true positive; TN, true negative; FP, false positive; FN, false negative; PPV,
positive predictive value; NPV, negative predictive value; Cl, confidence interval.

the raters (rater 2) did not perform for 11 partici-
pants while the remaining 2 raters (raters land 3) per-
formed for all 156 participants. There was 100%
concordance among the 3 raters. (Supplemental Tables
1A and B).

The HPLC

This method correctly diagnosed all the participants
(100%) with hemoglobin types AA, AC, AS, SC, and SS
as identified by the gold standard, which translates to
100% sensitivity, specificity, positive predictive value
and negative predictive value for each of these pheno-
types (Table 2).

Cellulose Acetate Electrophoresis (CAE) in
Alkaline Buffer

This method misdiagnosed 2 out of a total of 36 HbAA
(5.6%) identified by PCR. They were wrongly diag-
nosed as HbAS samples. This represents 99.2% and
91.7% sensitivity and specificity respectively as well as
positive and negative predictive values of 97.1% and
97.6%, respectively. Similarly, this method missed the
diagnosis of the 2 participants with HbAC (by HPLC
and PCR), thus representing 100% misdiagnosis as the 2
were returned as HbAS. Furthermore, CAE also falsely
identified 1 participant out of 14 HbAS as having HbAA
instead of the correct diagnosis as AS. This represents a
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Table 3. Comparison of Area under Curves of the ROCs for the Performance of the 3 Methods Compared with the Gold

Standard in the Diagnosis of SCD Phenotypes and Hb Variants.

Phenotypes Method Obs AUC of ROC Std. Err [95% Cl] [95% Cl] X2 P-value

AA Electrophoresis 156 0.954 0.024 0.908 1.000 3.73 .0535
HemotypeSC 156 1.000 0.000 1.000 1.000
HPLC 156 1.000 0.000 1.000 1.000
Electrophoresis 156 0.500 0.000 0.500 0.500

AC HemotypeSC 156 1.000 0.000 1.000 1.000 0.00 1.0000
HPLC 156 1.000 0.000 1.000 1.000

AS Electrophoresis 156 0.947 0.037 0.875 1.000 2.13 144
HemotypeSC 156 1.000 0.000 1.000 1.000
HPLC 156 1.000 0.000 1.000 1.000

SC Electrophoresis 156 1.000 0.000 1.000 1.000 0.00 1.000
HemotypeSC 156 1.000 0.000 1.000 1.000
HPLC 156 1.000 0.000 1.000 1.000

SS Electrophoresis 156 1.000 0.000 1.000 1.000 0.00 1.000
HemotypeSC 156 1.000 0.000 1.000 1.000
HPLC 156 1.000 0.000 1.000 1.000

Hb variants

A Electrophoresis 156 1.000 0.000 1.000 1.000 1.00 3173
HemotypeSC 156 1.000 0.000 1.000 1.000
HPLC 156 0.990 0.010 0.971 1.000

S Electrophoresis 156 0.930 0.028 0.875 0.985 6.21 .0127
HemotypeSC 156 1.000 0.000 1.000 1.000
HPLC 156 1.000 0.000 1.000 1.000

C Electrophoresis 156 0.813 0.092 0.633 0.992 4.20 .1225
HemotypeSC 156 1.000 0.000 1.000 1.000
HPLC 156 0.938 0.063 0.815 1.000

Abbreviations: HPLC, high performance liquid chromatography; AUC, area under curves; ROC, receptor operatives characteristic curves; Cl,

confidence interval.

misdiagnosis of 7.1% for the HbAS phenotype. These
give sensitivity, specificity, positive predictive and neg-
ative predictive values of 96.5%, 92.9%, 72.2%, and
99.3% respectively for the HbAS. (Table 2).

The AUCs of the ROC and test of equality of the
AUC:s are presented in Table 3. As shown, the AUC for
the phenotype AA using cellulose acetate electrophore-
sis, HemotypeSC, and HPLC methods were 0.954,
1.000, and 1.000, respectively. These figures showed a
high level of accuracy for both the HPLC and the
HemotypeSC, but some inconsistency with the CAE
method and this difference almost attained statistical
significance (P=.053). However, there was a significant
difference (P=.0128) in the accuracy of the CAE, when
compared to both HemotypeSC and HPLC methods for
HbS variant (P=.0128) Table 3.

Furthermore, Figure 1, shows the ROC of
HemotypeSC, CAE, and HPLC versus PCR for SCD
phenotypes and other Hb variants respectively. It com-
plemented the quantitative tests of difference of AUC
of the ROCs shown in Table 3. As shown in Figure 1,

there is perfect prediction while using the HemotypeSC
and HLPC methods for diagnosing phenotype AC com-
pared to the CAE while there are also agreements
between the HemotypeSC and HPLC methods in the
other phenotypes.

Discussion

Children suffering from SCD are often identified late in
SSA countries, and this is usually after hospitalization
while some actually die of the disease complications
without a diagnosis.?’ This gloomy outlook is due to the
lack of accessible, easy to use, accurate, simple, and yet,
affordable diagnostic tools.>¢-20-22

The POCTkitevaluated in this study (HemotypeSC™),
showed a very good agreement with the gold standard in
respect of all the SCD phenotypes and other Hb geno-
types found among the study participants and this is in
agreement with previous reports on the evaluation of its
performance.”®!* Hence, these observations are affirma-
tions of its reliability and usefulness as a POCT device.
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Figure I. ROC of HemotypeSC, electrophoresis (CAE), & HPLC versus gold standard.

Certain attributes and qualities of the POCT make it
very suitable for use in SSA. Firstly, the kit does not
require rigorous procedures, laboratory reagents, or spe-
cial skills. Also, it does not require external power (elec-
tricity or battery) to function, thus making it ideal for the
resource-poor settings where stable electricity is not
available or regular. Furthermore, the results of tests
performed with the device are available in real-time and
on-the-spot within ten minutes, thus averting the likeli-
hood of missed SCD diagnosis opportunities and per-
haps any possibility of loss to follow up while the
patient’s result is in transit. Also, the immediacy of its
results gives little or no room for sample mix up due to
clerical errors as observed with the 2 cases excluded
from the study. In addition, the POCT is cost-friendly, as
the overall costs per test for each participant is <2 USD.
These observations make the POCT device ideal for use
in SSA 78142023

Nothing drives home the reliability of the POCT for
detecting and diagnosing HbSS among patients than its
100% agreement with the gold standard in this study.
This high accuracy as found in this study, has also been

previously reported regarding the performance of
HemotypeSC among different study populations.”!'#?* In
addition, participants with various other Hb genotypes
such as AC and SC were correctly diagnosed compared
to CAE, thus adding to the limited data on these Hb types
vis-a-vis the clinical utility of HemotypeSC in determin-
ing various Hb variants. For example, Mukherjee et al.?’
in India and Steele et al.” among participants from Ghana,
France and USA had low prevalences of Hemoglobin AC
and SC while Nankanja et al.>* in Uganda, reported no
HbC. These observations further highlight the relevance
of HemotypeSC in diagnosing SCD and other common
Hb variants among diverse populations and in the SSA.
As observed in this study, even though CAE is the
routine testing method in most clinical settings of the
SSA, quite a number of the Hb genotypes were misdiag-
nosed by the CAE method. This is quite surprising given
the status of the hospital (tertiary) where the tests were
conducted and assumption that the migration patterns of
the various Hb patterns are quite distinct so as not to be
readily mixed up. These observations may reflect human
error or due to lack of expertise and, or inconsistencies
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in the skills of the people who performed the test.'® In
addition, CAE is also dependent on electricity supply
which is not regular in most SSA settings.

HPLC did not only perform better than CAE, it also
agreed perfectly with the reference method. This is not
surprising given the expected high discriminatory nature
of HPLC in identifying SCD phenotypes and Hb vari-
ants. Nevertheless, HPLC is an advanced, more techni-
cal, and elitist testing method, requiring skilled personnel,
which are not available in most parts of SSA. The col-
umns and reagents are expensive and not always avail-
able. Also, because samples are usually pooled together
to run in most busy laboratories, there can be clerical
errors which can lead to discordant or results mix up.
HemoTypeSC does not have these limitations as its test-
ing is usually on-the- spot, avoiding possible clerical and
other human errors or mix-ups.

In a previous study,® some discordant results between
HPLC and HemotypeSC were resolved in favor of
HemotypeSC with PCR adjudication thus making our
study the first from Nigeria to relate the performance of
HemotypeSC to PCR as the gold standard. This further
affirms the reliability and applicability of HemotypeSC
in determining the SCD phenotypes and other Hb geno-
types in resource-limited settings.

HemoTypeSC has also been validated to identify cor-
rectly SCD phenotypes in newborns.”® As found in this
study, HbF averaged 10.2% = 6% with a median of
9.2% and IOR of 4.9% to 14.8% among patients with
HbSS, further highlighting its potential for use in indi-
viduals with high HbF or newborn screening for SCD
and subsequent enrollment of affected children into
comprehensive care. This approach has been found to be
crucial in reducing the mortality and morbidity of SCD
and improving the quality of life of SCD patients.?*?
These observations further highlight the uniqueness,
suitability and potential of HemotypeSC in helping to
lessen the burden of SCD in SSA 211232629

Despite the high accuracy and other attributes
of HemotypeSC in this study and other previous
reports,”®142423 jts use may be impacted by certain factors.
Firstly, the test result is counter-intuitive in which case, the
presence of a band indicates the absence of that hemoglo-
bin variant. This could cause confusion and lead to misin-
terpretation while using it in the field thus leading to some
errors. However, this can be averted by properly training
users to ensure competency prior to testing as was done in
this study. The high agreement rates observed across the
raters in this study, suggest they acquired the needed com-
petence. This is not surprising given their professional sta-
tus and level of training. Secondly, users need to strictly
adhere to manufacturers specifications regarding the use
of the kit and also ensure repeated and frequent quality

control measures. Lastly, users of HemotypeSC should
bear in mind that certain clinically-significant Hb variants
like HbD, HbE, and HbO cannot be distinguished from
HDA due to the fact that the kit detects HbA through sens-
ing a single amino acid on the -globin chain and as such,
other Hb variants like those mentioned above that share
the same amino acid will be identified as HbA by the
device. However, these variants are scarce in SSA where
the high burden of SCD abound.'>7#2* Furthermore,
interpretation of results for individuals with beta-thalas-
semia may be confusing as sickle-B*-thalassemia is iden-
tified as HbAS which will require further testing to classify
appropriately. Also, sickle-B’-thalassemia is identified as
HbSS by HemotypeSC however, this misclassification is
of little or no clinical significance as both phenotypes have
similar disease profiles and are usually clinically indistin-
guishable and as such, managed similarly.

Conclusion

The POCT device (HemotypeSC) showed high accuracy
and agreement when compared to PCR, the gold stan-
dard in the examined population setting. In addition, it
showed superiority over CAE in its applicability, reli-
ability and usefulness. It is affordable, easy to use and
seems more applicable and practicable in SSA. Its adop-
tion and use may result in improved outcomes for
patients and lessen the burden of delay SCD diagnosis in
SSA. Findings from this study suggest that, HemotypeSC
could be of high clinical utility in diagnosing SCD in
resource-poor settings of the SSA.

Study Limitation

This study is from a single center and with small sample
size, which may affect its statistical power. Nevertheless,
the sample size exceeds the minimum required for meth-
ods validation studies of this nature.!*3%3! Also, the rat-
ers performed and reported the tests independently thus
minimizing the risk for bias. Furthermore, to the best of
our knowledge, this study is the first from Nigeria to
relate the accuracy of the HemotypeSC to PCR as the
gold standard, further expanding its scope and reliability
of HemotypeSC as a clinical utility tool in diagnosing
SCD, especially in resource-limited setting of SSA.
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